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The carbapenems represent important therapeutic 
options for serious infections caused by Pseudomonas 
aeruginosa. However, P. aeruginosa that are resistant 
to these antimicrobials have emerged and spread within 
hospital settings worldwide. This pathogen may become 
resistant to the carbapenems by modulating and combin-
ing different intrinsic mechanisms such as down regula-
tion or loss of porins, especially OprD, overexpression of 
efflux pumps, substantial production of its chromosomal 

2009). Alternatively, P. aeruginosa may acquire genes 

are able to inactivate carbapenems efficiently and thus 
are considered the most clinically significant mechanism 

identified in P. aeruginosa from numerous geographic 
 Noteworthy, carbapenem-

susceptible P. aeruginosa clinical isolates that carried 

-
cal isolates showing either diminished or no expression 

susceptible phenotype. In the above referenced reports, 

-
ers may act as reservoirs of such resistance determinants 
with potential risk for silent spread. In the present paper, 
we report the occurrence of meropenem-susceptible P. 
aeruginosa

resistance was investigated, as well as the genetic con-
text and location of the bla  gene.

SUBJECTS, MATERIALS AND METHODS

Bacterial isolates - During 2003, two P. aeruginosa 
clinical isolates, namely Pa30 and Pa43, were recovered 

-

was isolated from a necrotic tissue culture of a 24 year-
old male patient presenting a surgical wound infection 
and Pa43 was recovered from the urine of a 54 year-old 
male patient with urinary tract infection. The genetic 
relatedness of Pa30 and Pa43 was evaluated by pulsed renata.picao@micro.ufrj.br
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Pseudomonas aeruginosa 

-

of bla
bla  mexD mexY ampC and oprD P. 
aeruginosa

-

bla -

ampC and oprD P. aeruginosa that are not resistant to 
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-
fication and routine antibiogram of Pa30 and Pa43 isolates 

-

Combo negative CN30 Panels. Antimicrobials tested in-

-
-

meropenem. P. aeruginosa 
coli ATCC 25922 strains were used as quality control in 

-
 

- Isolates Pa30 and Pa43 were phenotypically screened 

bla , bla , bla , bla and bla  was performed, 
using previous published primers and cycling conditions 

bla  
was determined by PCR using the specific primers to 

-
-

-
ncbi.nlm.nih.gov).

 - Plasmid extraction was 
 

-

blotting, which was performed by capillary transfer onto 
Hybond-N+ -
belling of bla specific probe and signal detection 
were carried out using a nonradioactive labelling and de-
tection kit according to the manufacturer’s instructions 

 - Transcriptional levels of bla  and also 
mexB, 

, , ), chromosomal cephalosporinase 
) ) were determined with 

-
ny). Total RNA was isolated from logarithmic cultures 

-

cDNA conversion using random primers by High Capac-

-

genes mexB, , , , and as pre-

bla
2007). Amplification was carried out in triplicate from 
cDNA preparations. The relative transcriptional levels 

T method by Realplex4 
software following the manufacture’s recommendations 

-
vides the relative gene expression levels by averaging 

-
tions for the target and housekeeping genes. The range 
of expression levels obtained for the triplicates, which 

value into the fold-difference, was used to calculate the 

and preserve the accuracy and robustness of this test, 
we have excluded and repeated those triplicate reactions 

higher than 0.20. The 
the housekeeping gene and the wild-type P. aeruginosa 

relative expression levels of those chromosomal genes, 

gene expression, we have included as the reference 
P. 

aeruginosa
carbapenems [imipenem and meropenem minimum in-

overexpressed when the transcriptional levels of mexB, 
,  and 

fold higher than those of the wild-type reference strain 

expression and overexpression of were considered 

RESULTS

-
idime-resistant P. aeruginosa isolates recovered in a 

screened for carbapenemase production. Isolates Pa30 
and Pa43 recovered in this period were initially subjected 

-
dime, cefepime, ciprofloxacin, gentamicin and tobramy-

were tested, imipenem breakpoint for susceptibility was 
-
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Table). In addition, both isolates showed susceptibility 

-

Pa30 and Pa43 isolates presented an amplicon 
consistent with the bla
identified the bla allele in both isolates. Analysis 
of bla  genetic context revealed that both isolates 
carried this gene as a single cassette into the variable 

-

this promoter in isolates Pa30 and Pa43. In contrast, 
Pa30 and Pa43 harboured the putative weak Pc version 

bla  was 

Pa43. However, repetitive attempts to transfer pPa30 
and pPa43 by transformation performed as previously 
described were unsuccessful, regardless of the recipient 
strains used, either electrocompetent P. 
aeruginosa

transcriptional levels of bla were similar in Pa30, 

 compa-

indicate normal expression of the OprD porin in these 
-

dium dodecyl sulfate polyacrylamide gel electrophoresis 
revealed the absence of a 49 kDa band in the protein pat-

-

indicating possible OprD loss in the carbapenem-resis-
 transcription 

suggested that Pa30 and Pa43 produced basal amounts 

-
stituents, mexB, and  transcriptional levels 

-
 and 

 transcriptional levels significantly higher than 
mexB expression was near the cut-

off value for overexpression. The carbapenem-resistant 
P. aeruginosa
showed increased transcriptional levels of mexB and 

-
expressed in this strain. Nevertheless, Pa30 and Pa43 
showed transcriptional levels of  and  signifi-

turn, showed mexB levels much higher than those of the 
-
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DISCUSSION

P. aeruginosa clinical isolates that exhibited low level of 
imipenem resistance but susceptibility to meropenem. 

-
cally related to each other. However, previous report 
about hypersusceptible phenotype in P. aeruginosa sug-
gested that this phenomenon is not inherent to one par-
ticular type of strain, once it has been observed among 

Pa43 were isolated were not seriously ill and showed 
clinical resolution of signs and symptoms after receiving 

-
fied in carbapenem-resistant Pseudomonas spp clinical 

In this study, we have observed that bla transcrip-

4704, despite of the probable impaired P2 promoter in 
Pa30 and Pa43. Nevertheless, bla expression was 
not enough to confer high level of carbapenem resis-
tance in isolates Pa30 and Pa43. 

to the OprD loss and the concomitant overexpression of 

previously observed that mutants hyperexpressing the 
-

Although the mechanism involved in such phenotype is 
unknown, it has been proposed that it is not related to 

hypothesis is that the hyperexpression of mexCD-
operon may be associated with downregulation of an 

since the P. aeruginosa genome contains several unchar-

-
position or architecture of the outer membrane, increasing 

-

resistance in the isolates Pa30 and Pa43, although further 
analyses are necessary to confirm this hypothesis.

most clinical microbiology laboratories. Consequently, 
P. aeruginosa that 

remain susceptible to meropenem might be unrecog-
-

reservoirs of such resistance determinants, with ability 

by mobile genetic elements. In addition, failing in de-

isolates may lead to inadequate prescription of this drug 
and possible therapeutic failure in seriously ill patients.

clinical breakpoints for carbapenems in order to over-
come the problematic emergence of KPC producers that 

-

clinical breakpoints for P. aeruginosa were also revised 
-

-
penem-susceptible. It might be difficult to establish the 
correct breakpoint that would certainly detect complex 
isolates like Pa30 and Pa43, or others that might appear 
even more susceptible to carbapenems due to other fac-
tors. Identification of carbapenemase producers could 
also rely upon phenotypic detection, especially in regions 

the implementation of such recommendation has been 
-

terion to select isolates for screening, the method, the 

Although much progress has been achieved in compre-
hending the mechanisms of antimicrobial resistance, it 
is imperative that the scientific community concentrates 
efforts in developing means to assess the real prevalence 
of carbapenemase producers. It is also very important to 
evaluate its clinical impact and establish whether car-
bapenems would be appropriate to treat infections due 

susceptible to these antimicrobials.
REFERENCES

Outer membrane permeability in Pseudomonas aeruginosa
comparison of a wild-type with an antibiotic-supersusceptible 
mutant.  

 
and Pseudomonas stutzeri -
sistance.  59

Relative expression of efflux pumps genes, D, C and 
bla -
dence interval. 



751Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(6), September 2012

dilution antimicrobial susceptibility tests for bacteria that grow 
 informational supple-

standards for antimicrobial susceptibility testing. Twentieth in-

standards for antimicrobial susceptibility testing. Twenty-second 

 and . 

for differentiating metallo-beta-lactamase-producing isolates of 
Pseudomonas spp and  spp. 

Pseudomonas aeruginosa -
tion of chromosomally encoded resistance mechanisms. -

with metallo-beta-lactamase-producing Pseudomonas aerugi-
nosa -

-
nation of Pseudomonas aeruginosa

-

mutants of Pseudomonas aeruginosa. 

identification of metallo-beta-lactamase-encoding genes by mul-
tiplex real-time PCR assay and melt curve analysis. -

2004. Integron carrying a novel metallo-beta-lactamase gene, 
bla

-
lance Program. 

-

Pseudomonas aeruginosa -
gium. 

carbapenem-susceptible Pseudomonas aeruginosa strain carry-
ing the bla

comparative evaluation of double-disk synergy versus combined 
-

lates

Pseudomonas 
aeruginosa

 

Pseudomonas 
aeruginosa - a novel mechanism resistance to beta-lactam antibi-
otics. 

Pseudomonas aeruginosa -

changes in hypersusceptible strains of Pseudomonas aeruginosa 
isolated from cystic fibrosis patients do not always correlate with 
the phenotype. 

-
volved in the mechanism of imipenem hypersusceptibility among 
Pseudomonas aeruginosa isolates overexpressing the mexCD-

regulation and beta-lactamase production among Pseudomonas 
aeruginosa -


