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First case of IMP-15-producing Pseudomonas aeruginosa
in Switzerland: Challenging laboratory diagnosis using
whole genome sequencing (WGS)
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A B S T R A C T

We report on the first case of multiresistant Pseudomonas aeruginosa harbouring the metallo-β-lactamase
IMP-15 isolated in Switzerland from a patient repatriated from Cambodia. The laboratory diagnosis of
IMP-15 was hampered by two negative tests for carbapenemase detection. The carbapenemase gene was
subsequently detected by whole genome sequencing and the isolate further characterised by various
phenotypic and genotypic analyses.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

The worldwide emergence of multidrug resistant bacteria
is a major threat to public health. Pseudomonas aeruginosa
is one of the major pathogens causing nosocomial infections
like bacteremia and pneumonia. Carbapenemases, especially
the metallo-β-lactamases (MBLs) such as IMP, VIM, SPM,
GIM, NDM, and FIM are one of the most important mechanisms
responsible for resistance to β-lactams including carbapenems
in P. aeruginosa. Moreover, such resistance genes can be
transferred to further bacterial species on mobile genetic elements
[1]. In 1988, the blaIMP-1 was first documented in Japan on a
conjugative plasmid [2]. During the last years, multiple case
reports and hospital epidemics have reported blaIMP variants
worldwide. Here, we present the first case of a P. aeruginosa
harbouring a blaIMP-15 isolated from a patient in Switzerland
repatriated from Cambodia.
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Case

We report the case of a 33-year-old male patient from the
north-eastern part of Switzerland, who was successfully resusci-
tated after a cardiac arrest of unknown cause in his holiday
apartment in Cambodia on December 24, 2019. After initial
supportive treatment at a provincial hospital in Cambodia, he was
transferred to an intensive care unit in Bangkok, Thailand, still
unconscious and in a critical state, intubated and on vasopressors.
Chest radiograph showed bilateral patchy infiltration. Findings on
electro-encephalography were compatible with profound diffuse
encephalopathy. Repatriation took place on January 3, 2020. On
admission onto intensive care unit in Switzerland, the patient was
placed under preventive contact isolation measures due to high
risk of colonization with multi-drug resistant organisms. A sputum
culture from Bangkok revealed growth of Pseudomonas aeruginosa
resistant against tigecycline and Acinetobacter baumanni with
intermediate susceptibility to ceftazidime and resistance against
tazobactam. Susceptibility testing was otherwise unremarkable.
Based on these microbiology results, broad-spectrum parenteral
antibiotic treatment with meropenem 500 mg every 12 h (adapted
to impaired renal function) was initiated for bilateral pneumonia
as per internal guideline. Unfortunately, the patient’s condition
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. blaIMP-15 containing 10Kb region. The region is flanked by 1355bp inverted repeats covering genes encoding tyrosine recombinase XerD. The blaIMP-15 is shown in red,
along with other annotated genes in the region in forward or reverse frames. Matches to database sequences are shown below in grey. Figure was adapted from data visualized
in Artemis [5].

Table 1
Overview of carbapenemase test results performed on IMP-15 producing
P. aeruginosa isolate.

Carbapenemase test Result

Phenotypic tests
Etest1 MBL IP/IPI –

RAPIDEC1 CARBA NP +
β-CARBA Test +
Carbapenem inactivation method mCIM +

Genotypic tests
Xpert1 Carba-Ra –

IMP-15 PCR [8] +
IMP PCR [9,10] +

a Detects KPC, NDM, VIM, OXA-48-variants and IMP (not all IMP subtypes are
covered by the assay).

2 D. Goldenberger et al. / IDCases 22 (2020) e00933
deteriorated and he deceased on January 6, 2020. After his
death, culture from bronchial aspirate revealed the presence of
Burkholderia cepacia complex, being phenotypically susceptible
to ceftazidime and trimethoprim/sulfamethoxazole only, and
Pseudomonas aeruginosa resistant to all regularly tested antimi-
crobials except gentamicin. In addition, a rectal swab performed
during routine admission screening showed growth of Burkholde-
ria cepacia complex and Pseudomonas aeruginosa as well but was
otherwise negative for vancomycin resistant enterococci.

The P. aeruginosa isolated from bronchial aspirate was sent to
the microbiology laboratory of the University Hospital Basel for
identification of underlying resistance mechanism. The antimicro-
bial susceptibility testing perfomed with Vitek1 2 (bioMérieux)
revealed resistance to all antimicrobial agents tested except
meropenem, interpreted as intermediate, and tobramycin, ami-
kacin and colistin, interpreted as susceptible. The isolate was
tested with Xpert1 Carba-R (Cepheid) PCR and exhibited negative
results for the following carbapenemase gene targets: KPC, NDM,
VIM, OXA-48-variants and IMP. In order to screen for MBL
phenotype, combined Etest1 strip using imipenem with and
without EDTA (Etest1 MBL IP/IPI; bioMérieux) was performed.
Since MBL was excluded with this phenotypic test, we presumed
that mechanisms other than carbapenemase production were
responsible for carbapenem resistance in this P. aeruginosa. Later
on, the isolate was submitted to whole genome sequencing (WGS)
as part of a study to validate WGS for routine purposes. DNA from
isolate 400128-20 was sequenced on both a NextSeq500 platform
(Illumina) after Nexteraflex library production (Illumina), resulting
in 64x mean coverage and GridION platform (Oxford Nanopore),
resulting in 10x mean coverage to aid scaffolding. All reads have
been submitted to the ENA under project PRJEB37060. The genome
was hybrid assembled using Unicycler v0.3.0b [3], resulting in 18
contigs, annotated with Prokka v1.13 [4] and visualized in Artemis
[5]. The isolate belongs to MLST sequence type 155 (https://
pubmlst.org/paeruginosa)/ [6]. The 741-bp-long metallo-beta-
lactamase blaIMP-15 gene was identified with 100 % identity, using
ABRicate (https://github.com/tseemann/abricate) and the NCBI
AMRFinderPlus database (doi: 10.1128/AAC.00483-19).

The blaIMP-15 gene is located on a contig of 323Kb, part of the
chromosome. The 10Kb region around the blaIMP-15 gene seems to
have derived from several plasmids, including LC075716 from
P. aeruginosa in Vietnam (3.1Kb, 100 %) and CP038466 from
Aeromonas hydrophila in China (3.8Kb, 100 %). This 10Kb section,
flanked by two identical tyrosine recombinase genes, carries a
transposase and several other antimicrobial resistance markers
(Fig. 1; accession number ERZ1303326; Supplementary file). The
identity with the blaIMP-15 class I integron from P. aeruginosa in
Thailand (accession number AY553333) covers only 997 bp (100 %
identity) over the blaIMP-15 gene itself; similarly the match to
EF184216 from Mexico [8] covers 889bp (100 % identity) is also
over the blaIMP-15 gene (Table 1).

We performed two conventional IMP-targeted PCR tests to
confirm the presence of blaIMP-15 gene. The first PCR (A) was
described in a study to characterize a hospital epidemic in Mexico in
2008 with blaIMP-15 containing P. aeruginosa [8]. The second IMP PCR
(B) was performed according to references [9,10]. Both PCRs were
performed on freshly extracted DNA and showed the expected DNA
fragment length of 275bp for PCR (A) and 232bp for PCR (B) on the
4200 TapeStation system (Agilent Technologies). Nucleotide
sequencing of both PCR fragments using Sanger sequencing in
both directions resulted in 100 % identity to blaIMP-15. In order to
further characterize our isolate, the following phenotypic tests for
detection of carbapenemase production were performed: RAP-
IDEC1 CARBA NP (bioMérieux), β-CARBA Test (BIO-RAD) and
modified Carbapenem Inactivation Method mCIM according CLSI
[11]. Interestingly, our isolate showed positive results with all three
above mentioned assays. The results of all genotypic and phenotypic
tests perfomed are shown in summary in Table 1.

Discussion

The MBL variant blaIMP-15 was described for the first time in
2005 in Thailand (GenBank accession no. AY553333) and was
associated with a class I integron, genes encoding dihydrofolate
reductase (dhfr) and aminoglycoside 60-N-acetyltransferase (aac
(60)). Further studies reported on IMP-15-producing multiresistant
P. aeruginosa: three hospital outbreaks in Mexico in 2003–2005
and one case from USA related to one of the Mexican clones in 2005
[7,8,12,13]. The first blaIMP-15 cases in Europe were communicated
in 2013 with two P. aeruginosa and two P. putida strains [14]. In a
retrospective study published in 2014, one case from Germany
isolated in 2009 was identified [15]. Recently, four P. aeruginosa
strains containing blaIMP-15 were detected in Lebanon [16,17].

Due to their high transmissibility and potential for causing
outbreaks in healthcare settings, timely recognition of patients
colonized or infected with carbapenem-resistant gram-negative
bacteria (GNB) is key to implementing appropriate preventive
measures in order to stop these bacteria from further spread.
Active surveillance for detection of asymptomatic colonization is
therefore one of several strongly recommended infection control
measures and the target population should include patients with
recent hospitalization in countries with high prevalence of
carbapenem-resistant GNB [18,19]. The carbapenemase activity
of this P. aeruginosa strain could not be detected with our routine
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diagnostic scheme for carbapenemase production using Xpert1

Carba-R PCR and Etest1 MBL IP/IPI. However, other phenotypic
carbapenemase screening tests performed (Table 1) succeded in
detection of this rare carbapenemase type. Concerning the
negative result in Xpert1 CARBA-R, the manufacturer indicates
that the following IMP variants are not covered with this assay:
IMP-7, IMP-13, and IMP-14. According to our present data, IMP-15
has to be added to this list until the manufacturer is able to provide
a PCR able to detect all IMP variants. The challenging identification
of MBL blaIMP-15 in our strain is worrying. Conventional testing
with Etest1 MBL IP/IPI was not able to detect IMP-15 production in
this P. aeruginosa isolate in our laboratory, suggesting that such
strains could be overlooked and therefore require a high degree of
alertness from clinical microbiologists. If the presence of
carbapenamase is suspected despite the negative screening test,
a second screening test should be considered, or the isolate should
be referred to a reference laboratory for further analyses.

Since the development of antimicrobial resistance in GNB is a
constantly moving target, the absence of a genetic resistance
determinant should be approached with caution, as organisms can
harbour resistance mechanisms for which tests were not devel-
oped or are false negative.

In this case, the initial microbiology report from Bangkok
evoked a false security in the treating physicians. It is therefore of
major importance to expand empiric antibiotic therapy in a
seriously ill patient if presence of a multi-drug resistant pathogen
such as a carbapenemase producer has to be assumed based on
epidemiological data or relevant exposure history.

WGS proved to be a powerful tool for revealing mechanism of
resistance which could not be detected with conventional,
routinely used methods. Unfortunately, this is a relatively novel
technology which is still not widely available in the common
microbiology laboratory practice.
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