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We report here the emergence of VIM-2 and IMP-15 carbapenemases in a series of clinical isolates of carbapenem-resistant Pseu-
domonas aeruginosa in Lebanon. We also describe the disruption of the oprD gene by either mutations or insertion sequence
(IS) elements ISPa1328 and ISPre2 isoform. Our study reemphasizes a rapid dissemination of the VIM-2 carbapenemase-encod-

ing gene in clinical isolates of P. aeruginosa in the Mediterranean basin.

eudomonas aeruginosa is one of the most important nosoco-
mial pathogens and is responsible for infections with a high
mortality rate (1). Carbapenems remain the primary antimicro-
bial class for treating these infections; however, the emergence
of resistance to these antibiotics may compromise their efficacy
(1). The most common mechanism of resistance to carbapen-
ems in P. aeruginosa is the loss or alteration of the outer mem-
brane porin protein OprD, followed by the production of metallo-
B-lactamases (MBLs), especially VIM and IMP (1, 2), and by the
overexpression of efflux pumps (3). In Lebanon, there are no re-
ports describing carbapenem resistance mechanisms in P. aerugi-
nosa isolates. Here, we have characterized the molecular mecha-
nism of resistance to carbapenems in 35 imipenem-resistant
clinical isolates of P. aeruginosa collected between March 2006 and
February 2013 from Nini Hospital in northern Lebanon. Standard
laboratory procedures were used, including matrix-assisted laser
desorption ionization—time of flight mass spectrometry (MALDI-
TOF MS) for bacterial identification (4), antimicrobial suscepti-
bility testing on Mueller-Hinton agar using a standard disk diffu-
sion method, the determination of imipenem MICs using the
Etest strip, and the molecular detection of carbapenemase-encod-
ing genes, including blay, blayp, blagiv, blagn, and blaypy,
using specific primers, as described previously (5-7). PCR ampli-
fication and sequencing of the oprD gene and overproduction of
the chromosomal cephalosporinase AmpC and efflux pumps
(mexA, mexC, mexE, and mexX) were performed as described pre-
viously (8-10). Conjugal transfer using MBL-positive isolates as
donors and azide-resistant Escherichia coli isolates as recipients
was performed as described previously (11). The outer membrane
profiles were analyzed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) to check for the presence/ab-
sence of the oprD gene (12). Typing of the isolates was done by
multilocus sequence typing (MLST), as described previously (13).
The imipenem MICs ranged from 16 to >32 pg/ml for all isolates
(Table 1) that also had a high prevalence of resistance to other
classes of antibiotics (see Table S1 in the supplemental material).
Eighteen out of 35 isolates were positive by the modified Hodge
and EDTA tests and harbored the blay,,,_, gene (16 isolates) or the
blayp. .5 gene (two isolates) (Table 1). All the isolates had modi-
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fications to their oprD gene sequence, including 16 with a stop
codon, 10 with an insertion sequence (IS) element, four with mu-
tations, and five in which the gene was not detected (Table 1).
Nine strains harbored the IS element ISPa1328 inserted in OprD
nucleotide position 419. This IS element was also described in P.
aeruginosa in the United States (14), China (3), and Japan (15).
This IS can be present in a different OprD location, as described
previously (3). For isolate 36, an IS element was observed at nu-
cleotide position 237 of the oprD gene that was predicted to be
ISPre2 isoform by IS Finder (www-is.biotoul.fr), which was 1,191
bp in length, flanking a novel transposase of 978 bp. The detected
ISPre2-like element showed 99% identity with the known ISPre2-
like element of P. aeruginosa strain 208/2009 (GenBank accession
no. KF682464). The IS was flanked by 8-bp terminal inverted re-
peats (IRs). We also detected an 8-bp short directly repeated se-
quence of target DNA flanking the IS (Fig. 1). The TnpAl-like
transposase in this isolate was one amino acid shorter than the
known transposase and showed 99% identity with those of Pseu-
domonas resinovorans, Pseudomonas putida, Pseudomonas stutzeri,
Pseudomonas fluorescens, and Pseudomonas mendocina. AmpC hy-
perproduction was observed in eight isolates, and all isolates ex-
cept isolate 3 showed a high level of expression for at least one
efflux pump (Table 1). SDS-PAGE showed the absence of the
OprD protein in the five isolates whose oprD gene was not de-
tected by PCR, as well as in isolate 37, which had a 15-nucleotide
deletion (Fig. 2). All the conjugal transfer attempts failed to yield
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TABLE 1 Phenotypic and genotypic features of the 35 imipenem-resistant P. aeruginosa clinical isolates

mRNA expression for®:

Isolate IPM MIC MEM Hodge EDTA AmpC oprD mutational Sequence
no. (pg/ml)® resistance” test result test result VIM-2 IMP-15 hyperproduction groups® mexA mexC mexE mexX type

19 >32 R - - - - - Gl 2.32* 0.003 1.23 11.08* ST622
24 >32 R - - - - - Gl 2.14* 0.004 1.04 10.48* ST622
31 >32 R + + + - - GI12 0.83 0.20 1.27 11.00* ST233
26 >32 R + + + - - G12 1.13 0.58 1.09 29.65* ST233
17 >32 R + + + - - G12 0.44 0.28 1.14 16.56* ST233
35 >32 R + + + - - GI12 1.87 0.34 1.23 28.44* ST233
21 >32 R + + + - - G12 1.69 1.23 1.07 14.92* ST233
15 >32 R + + + - - G12 0.43 0.43 0.64 14.82* ST233
32 >32 R + + + - - G12 1.90 0.36 1.33 48.50* ST233
25 >32 R + + + - - G12 1.07 0.27 1.05 14.52* ST233
22 >32 R + + + - - G12 0.5 0.17 1.27 17.02* ST233
27 16 R - - - - - G5 0.46 11.15* 0.53 65.34* ST244
12 >32 R - - - - - G10 0.08 3.27* 0.24 6.58 ST267
2 32 R - - - - + G2 0.57 3.13* 1.04 1.23 ST1329
30 16 R - - - - + G2 1.94 61.81* 1.23 0.30 ST1329
23 16 R - - - - + G2 1.97 2.63* 0.98 0.06 ST1329
4 >32 R + + - + - G8 1.09 0.51 0.11 12.29* ST1446
11 >32 R + + + - - G14 9.78* 0.67 0.047 24.08* ST1699
10 >32 R + + + - - G14 4.19* 0.54 0.05 51.26* ST1699
7 >32 R + + + - - G14 4.53% 0.30 0.05 17.02* ST1699
20 >32 R + + + - - G14 5.97* 1.90 0.06 19.05* ST1699
5 >32 R + + + - - G14 4.43% 1.32 0.05 11.15* ST1699
9 >32 R + + + - - G0a 0.97 0.66 0.30 27.47* ST1700
14 >32 R - - - - - G9 0.76 4.89* 0.56 0.54 ST217
1 >32 R - - - - + G6 3.2* 0.57 0.99 0.15 ST712
37 >32 R - - - - - G15 0.33 0.15 0.26 14.42* ST539
36 >32 R - - - - - GI3 0.019 0.11 0.21 10.48* ST1702
18 >32 R + + - + - GOb 11.87* 17.26* 0.54 35.50* ST654
6 >32 R - - - - + G11 0.3 5.09* 0.06 0.84 ST1701
8 >32 R - - - - + GI1 0.33 4.69* 0.06 0.93 ST1701
34 >32 R - - - - + G11 0.68 8.33* 0.10 1.07 ST1701
33 >32 R - - - - - G4 0.75 9.12* 1.02 91.77* ST1182
16 >32 R + + + - - GOc 3.11* 0.85 0.15 0.26 ST1020
13 >32 R - - - - - G3 4.14* 28.64* 0.99 37.53* ST772
3 16 S - - - - + G7 0.73 1.11 1.10 0.57 ST500

“IPM, imipenem.

b MEM, meropenemy; R, resistant; S, susceptible.

€ GOa or GODb, full-length oprD gene (mutations on the two groups are not identical); GOc, full-length oprD gene (silent mutation, C-to-T substitution in nucleotide position 309); G1, G-to-T substitution in nucleotide position 688
leading to a premature stop codon TAA in oprD, resulting in a truncated polypeptide of 229 amino acid residues; G2, G-to-A substitution in nucleotide position 830 leading to the premature stop codon TAG in oprD, resulting in a
truncated polypeptide of 276 amino acid residues; G3, G-to-A substitution in nucleotide position 831 leading to the premature stop codon TGA in oprD, resulting in a truncated polypeptide of 276 amino acid residues; G4, A-to-T
substitution in nucleotide position 613 leading to the premature stop codon TAG in oprD, resulting in a truncated polypeptide of 204 amino acid residues; G5, G-to-A substitution in nucleotide position 195 leading to the premature
stop codon TGA in oprD, resulting in a truncated polypeptide of 64 amino acid residues; G6, several mutation types leading to the premature stop codon TGA in oprD, resulting in a truncated polypeptide of 264 amino acid residues;
G7, C-to-T and A-to-G substitutions in nucleotide positions 490 and 491, respectively, leading to the premature stop codon TAG in oprD, resulting in a truncated polypeptide of 163 amino acid residues; G8, several mutation types
leading to the premature stop codon TGA in oprD, resulting in a truncated polypeptide of 228 amino acid residues; G9, several mutation types leading to the premature stop codon TAA in oprD, resulting in a truncated polypeptide of

363 amino acid residues; G10, several mutation types leading to the premature stop codon TGA in oprD, resulting in a truncated polypeptide of 372 amino acid residues; G11, several mutation types leading to the premature stop codon

TGA in oprD, resulting in a truncated polypeptide of 345 amino acid residues; G12, insertion sequence ISPa1328 in nucleotide position 419 of the oprD gene; G13, insertion sequence ISPre2 isoform in nucleotide position 237 of the
oprD gene; G14, oprD gene not detected; G15, large deletion of 15 nucleotides in the oprD gene from the positions 1293 to 1307; IPM, imipenem.
4 Values are relative to the expression of P. aeruginosa PAO1, which is assigned a value of 1. Asterisks indicate overexpression of efflux pump compared to the PAO1 reference strain: =2-fold for mexA, mexC, and mexE and =10-fold
for mexX (10).
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FIG 1 Schematic representation of the oprD gene sequence disrupted by the ISPre2 isoform and ISPal328 compared to the oprD gene sequence of the P.
aeruginosa PAOL1 reference strain. P. aeruginosa strain 22 is one of the nine isolates that harbored this ISPa1328. The sequences shown immediately below the

diagrams (and on the right and left) for strains 36 and 22 are direct repeats.

E. coli transconjugants, suggesting that these MBL genes are chro-
mosomally encoded. Finally, a total of 18 different sequence types
(STs) were assigned (www.pubmlst.org) to the 35 carbapenem-
resistant isolates (Table 1 and Fig. 3).

The majority of the MBL-positive isolates produced blayy.,
(16 out of 18 isolates), and only 2 produced the bla;yp_,5 gene;
these data confirm previous studies done in the Mediterranean
basin, where the main MBL produced by P. aeruginosa is VIM-2
(16). Although the VIM-2 carbapenemase in P. aeruginosa has
been detected worldwide (17), to our knowledge, IMP-15 has
never been detected in P. aeruginosa isolates from the west Medi-
terranean basin but has been detected in Europe (18), Mexico
(19), and Thailand (GenBank accession no. AY553333). More-
over, we found that mutational inactivation of the oprD gene was
a major determinant of resistance to imipenem, as previously de-
scribed (2), and SDS-PAGE confirmed the absence of the protein

12 §J 4 5 6 1 8
FIG 2 SDS-PAGE of outer membrane proteins of selected carbapenem-resis-
tant isolates. Lane 1, molecular marker; lane 2, reference strain PAO1; lane 3,

isolate 37; lane 4, isolate 5; lane 5, isolate 7; lane 6, isolate 10; lane 7, isolate 11;
lane 8, isolate 20.

45KDa
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in isolates whose oprD gene was not detected by PCR, as well as in
isolate 37, which had a 15-nucleotide deletion, as previously de-
scribed (15). We report here the first case of cooccurring blayy,.,
and oprD porin loss in identical isolates of P. aeruginosa. To date,
the presence of different IS elements disrupting the oprD gene
leading to carbapenem resistance in P. aeruginosa has been re-
ported in South Africa, the United States, Spain, China, and
France (8). Our study describes the emergence of a new IS element
in the oprD gene, the ISPre2 isoform. Carbapenem resistance was
accompanied or not by the overexpression of AmpC B-lactamase
and/or efflux pumps, as previously described in isolates from
China (3). Finally, MLST analysis revealed the presence of multi-
ple clones in our study, with clones belonging to ST233 and
ST1699 (highly similar to ST233) being the most frequent; this
ST233 was reported in Norway in a case imported from Ghana
(11). MLST analysis showed that ST233 and ST235 described in
western Mediterranean countries (20) are distinct in the phyloge-
netic tree, suggesting that there are two different successful epi-
demic clones present in the two sides of the Mediterranean basin.
We also confirm our previous findings that oprD mutational
group sequences can be used as a surrogate to MLST for typing
isolates (21).

In conclusion, this study described the emergence of blay .,
and blayp_,5 carbapenemase-encoding genes in P. aeruginosa
clinical isolates in Lebanon and also reported the multiple possi-
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FIG 3 Phylogenetic tree of the 35 imipenem-resistant isolates based on the MLST concatenated gene sequence of each isolate. Numbers at the nodes represent
bootstrap values, and scale bar represents the degree of divergence between sequences. CC, clonal complex; WW, worldwide; WMC, west Mediterranean

countries; IC, international clone; SIN, Singapore; BRA, Brazil.

bilities for becoming resistant to carbapenems, including the dis-
ruption of the oprD gene by either mutations, IS elements, gene
loss, and/or overexpression of efflux pumps.
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