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disponíveis. Os objetivos deste estudo foram 
avaliar  o perf i l  de suscet ibi l idade de 
Pseudomonas aeruginosa isoladas de três 
hospitais localizados em Goiânia, Brasil; a 
relação genética entre os isolados, e a produção 
de metalo-β-lactamase (MβL). Perfis de 
sensibilidade diferentes foram encontrados nas 
amostras clínicas. As drogas mais eficazes 
foram cefepima, imipenem, meropenem e 
polimixina B. Todas as cepas isoladas de P. 
Aeruginosa produtoras de MβL avaliadas neste 
estudo pertenciam a um único clone, idêntico 
àquele exibido pelo clone brasileiro endêmico 
produtor de MβL. 

ABSTRACT
The increasing prevalence of bacterial 

resistance calls for special attention since it 
restricts the number of available therapeutic 
options. The aim of this study was to evaluate 
the susceptibility profile of Pseudomonas 
aeruginosa isolated from three hospitals located 
in Goiania, Brazil; the genetic relationship 
among isolates and the metallo-β-lactamase 
(MβL) production. Different susceptibility 
profiles were found in the clinical isol ates. The 
most effective drugs were cefepime, imipenem, 
meropenem, and polymyxin B. All MβL-
producing P. aeruginosa isolates evaluated in 
this study belonged to a single clone, which was 
identical to that one exhibited by the MβL 
Brazilian endemic clone. 
INTRODUCTION
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RESUMO
O aumento da prevalência de resistência 

bacteriana exige uma atenção especial, uma vez 
que restringe o número de opções terapêuticas 
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Pseudomonas aeruginosa is an opportunistic 
pathogen responsible for a high prevalence of 

1-3hospital infections in worldwide . It affects 
mainly neutropenic patients, burn patients, 
newborn infants, elderly, cystic fibrosis patients 
and those submitted to invasive procedures 
and/or in use of antimicrobials for prolonged 

4-8
periods of time . Infections caused by this agent 
are especially challenging because P. aeruginosa 
exhibits intrinsic resistance to distinct classes of 
antimicrobials. It is also capable of acquiring 
additional mechanisms of resistance and to 
adapt to different conditions resulting in 
changes of the susceptibility profile along the 

1,5,9
time . 

This process results in the deterioration of the 
patient's clinical status, which requires the use 
of more potent drugs and more expensive, 
increasing the length of stay and overall costs of 
treatment10. Exists the requirement of broad-
spectrum drugs, used in the treatment of 
infections caused by multi-drug-resistant 
bacteria have exerted selective pressure and 
may have contributed to adaptation of these 
microorganisms in the hospital environment, 
especially in intensive care units resulting in the 
emergence of metallo-β-lactamase (MβL)-
p r o d u c i n g  P.  a e r u g i n o s a  a n d  o t h e r 
Enterobacteriaceae. These isolates were 
initially found in Japan and Singapore, and later 

11-16
in spread out all over the world . 

The MβL, class mainly encompasses IMP, 
VIM, SPM, GIM, SIM, KPC, and NDM-1. The 
production of these enzymes is an important 
determinant of resistance in Gram-negative 
bacteria, which confers resistance to a broad 
spectrum beta-lactam agents, including 

17-28carbapenems but not aztreonam . The study 
objectives were: to detect metallo-beta-
lactamase in clinical isolates of Pseudomonas 
aeruginosa and evaluate its spread. 

OBJECTIVES

The aim of this study was to evaluate the 
susceptibil i ty profile of Pseudomonas 
aeruginosa isolated from three hospitals located 
in Goiania, Brazil; the genetic relationship 
among isolates and the metallo-β-lactamase 
(MBL) production. 

METHODS

 Three dilutions (log2) in minimal inhibitory 
concentrations (MIC) of imipenem when this 
was associated with EDTA were considered to 
be producers of metallo-β-lactamase29. As 
positive and negative controls, respectively, 
were used strains of A. baumannii blaIMP-2 and 
P aeruginosa ATCC 27853. 

Genotyping 
The clinical samples phenotypically 

classified as MβL-producing isolates were 
evaluated by polymerase chain reaction (PCR) 
to identify the presence of genes codifying 
metallo-β-lactamase production. 

The 5'-CTACCGCAGCAGAGTCTTTGC-
3 '  s e n s e  p r i m e r  a n d  t h e  5 ' -
G A A C A A C C A G T T T T G C C T TA C C -
3'antisense primer were used for amplification 

11,17
of the blaIMP-1 gene . Thermal cycling 
conditions were: 2 minutes at 95ºC and 2 
minutes at 94ºC for the first cycle, followed by 
33 1-minute cycles at 94ºC, 1 minute at 55ºC and 
4 minutes at 72ºC. The strains of P. aeruginosa 
producing IMP-1 # 319 and P. aeruginosa ATCC 
27853 were used as positive and negative 
controls, respectively. 

Amplification of the blaIMP-2 used the 5'-
GGCAGTCGCCCTAAAACAAA-3' sense 
p r i m e r  a n d  t h e  5 ' -
TAGTTACTTGGCTGTGATGG-3' antisense 
primer12. The IMP-2 producing strain of A. 
baumannii was used as positive control and the 
ATCC 27853 sample of P. aeruginosa as 
negative control.  The thermal cycling 
conditions were: 3 minutes at 94ºC followed by 
35 1-minute cycles at 94ºC, 1 minute at 55ºC and 
2 minutes at 72oC and finally 7 minutes at 
72ºC12. Amplification of the blaVIM-1 gene 
used the 5'-TCTACATGACCGCGTCTGTC-3' 
s e n s e  p r i m e r  a n d  t h e  5 ' -
TGTGCTTTGACAACGTTCGC-3' antisense 

18
primer . 

Thermal cycling conditions were: 3 minutes 
at 94ºC followed by 35 1-minute cycles at 94ºC, 
1 minute at 55ºC, 2 minutes at 72ºC and 7 
minutes at 72ºC. The P. aeruginosa strain 
producing VIM-1 75-3666 was used as positive 
control and the P. aeruginosa strain producing 
ATCC 27853 as negative control. Amplification 
o f  t h e  b l a V I M - 2  g e n e  u s e d  t h e  5 ' -
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ATGTTCAAACTTTTGAGTAGTAAG-3' 
s e n s e  p r i m e r  a n d  t h e  5 ' -
CTACTCAACGACTGAGCG-3' antisense 

11
primer . Thermal cycling conditions were those 
used for amplification of the blaVIM-1 gene. 
The strain of P. aeruginos  Sources of organisms. 

A total of 71 consecutive P. aeruginosa 
clinical isolates showing different carbapenem 
susceptibility profiles were collected from 
patients with hospital-acquired infections 
hospitalized at an oncologic hospital (n=24, 
34%), a teaching hospital (n=43, 60%) and a 
general hospital (n=4, 6%) in the city of 
Goiânia, Brazil between January 2005 and May 
2006. 

The P. aeruginosa isolates were maintained in 
BHI with 5% of glycerol and stored at -80oC in a 
bank of microorganisms from Laboratory of 
Clinical Microbiology (Pontifical Catholic 
University of Goiás, Brazil). The P. aeruginosa 
isolates were obtained from clinical specimens 
including urine (n=11, 25.6%), blood (n=7, 
16.2%), surgical wounds secretion (n=5, 
11.6%), wound (n=3, 7%), respiratory tract 
(n=2, 4.7%), peritoneum (n=2, 4.7), and other 
sites (n=13, 30.2%). These isolates were 
collected from ICU (n=27, 38.1%), general 
internal medicine (n=30, 41.2%) and surgery 
wards (n=14, 19.7%). Replicated isolates from 
the same pati ents were excluded from the study. 
All Isolates were reidentified by the MicroScan 
(Dade Behing, California, USA) using NC32 
plates. Antimicrobial susceptibility test. The 
susceptibility profile was performed by the disc 
diffusion method according to the Clinical and 

25
Laboratory Standards Institute  using the 
following disks (Oxoid Ltd., Basingstoke, 
Uni ted Kingdom):  amikacin  (30 µg) , 
gentamicin (10 µg), tobramycin (10 µg), 
aztreonam (30 µg, cefepime (30 µg), cefotaxime 
(30 µg), ceftazidime (30 µg), ceftriaxone (30 
µg), meropenem (10 µg), imipenem (10 µg), 
levofloxacin (5 µg), ciprofloxacin (5 µg), 
p iperac i l l in / tazobac tam (100/10  µg) , 
piperacillin (100 µg), ticarcillin (75 µg) and 
polymyxin B (300 U). 

Percentages of susceptibility, intermediary 
resistance and full resistance were calculated 

 according to the breakpoints established by a 
26

work . Escherichia coli ATCC 25922 and P. 
aeruginosa ATCC 27853 were used as controls 
for antibiotic resistance. 

Phenotypic detection of MβL production 
The isolates with poor sensitivity to 

carbapenems and ceftazidime that were 
sensitive to aztreonam were submitted to disk 
a p p r o x i m a t i o n  p h e n o t y p i n g  u s i n g 
ethylenediaminetetraacetic (EDTA) and 2-
mercaptopropionic acid (2-MPA), as described 
by one and modified by other work in 

27-28literature .
The plates for the diffusion test were 

25prepared in accordance with the . Five 
microliters of EDTA were added to each blank 
disk (100 mM). The distance between the 
ceftazidime (30 μg) (Oxoid Ltd., Basingstoke, 
United Kingdom) and meropenem (10 μg) 
(Oxoid Ltd., Basingstoke, United Kingdom) 
disks and the disk containing only EDTA was 
1.0 cm. Three microliters of the 2-MPA solution 
(1.2 g/mL) were added to the sterile disks of 
filter paper, which were dispensed at 2.5 cm 
(center to center) from the ceftazidime (30 μg) 
and meropenem (10 μg) disks. The plates were 
incubated for 18-24 hours in ambient air 
conditions and at a temperature of 36ºC. 

The presence of an expansion or distortion 
zone in the halo of g rowth inhibition between 
the disks containing 2-MPA or EDTA and the 
ceftazidime and imipenem disks indicated that 
the sample probably produced metallo-β-

27lactamase . 
It were used as positive control strains of P. 

aeruginosa producing MβL carrying genes 
blaIMP-1 blaVIM-1, blaVIM-2 and blaSPM 
and Acinetobacter baumannii blaIMP-2. It was 
used as a negative control P. aeruginosa ATCC 
27853. Confirmation of MβL phenotype 
Confirmation was made using the MßL Etest® 
strip (AB Biodisk, Solna Sweden) in nine 
isolates identified as probable producers of this 

29
enzyme . The plates were prepared and 
subsequently incubated at 36ºC in ambient air 

25
conditions for a period of 18-24 hours . 

The samples with a reduction of a producing 
VIM-2 81-11963 was used as positive control 
and the ATCC 27853 strain of P. aeruginosa as 
negative control. Amplification of the blaSPM-
1 used the 5'-CCTACAATCTAACGGCGACC-
3 '  s e n s e  p r i m e r  a n d  t h e  5 ' -
TCGCCGTGTCCAGGTATAAC-3' antisense 
primer, and the thermal cycling conditions were 
5 minutes at 95ºoC for the first, followed by 1-
minute cycles at 94ºC, 1 minute at 40ºC, 1 

13
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minute at 68ºC and 5 minutes of incubation at 
30

68ºC . The SPM-1-producing strain of P. 
aeruginosa # 48-1997A was used as positive 
control and the ATCC 27853 sample of P. 

19aeruginosa as negative control . 

Molecular typing 
The clonal relationships of the P. aeruginosa 

isolates were determined by pulsed-field gel 
e lec t rophores i s  (PFGE)  as  descr ibed 

30
previously . Genomic DNA was digested at 
37ºC with 10U of the SpeI enzyme (New 
England Biolabs, Inc., Beverly, MA, USA) for 
12-16 hours. Electrophoresis was carried out in 
a CHEF-DRII apparatus (Bio-Rad Labs, 
Richmond, CA, USA) under the following 
conditions: 0.5 Tris-borate-EDTA, 1% agarose, 
13ºC and 200 V. Electrophoresis run time was 24 
hours and the interval between changes ranged 
from 5 to 90 seconds. 

Photographs of the ethidium bromide-
stained gel were examined visually. The isolates 
were considered to represent different lineages 
if they had more than six different fragments of 
PFGE profiles. Isolates were considered related 
(subtypes) if they had only 2-6 different 
fragments of PFGE profiles. Isolates with the 
same  PFGE pro f i l e  were  cons ide red 

31
indistinguishable . 

Statistic Analysis 
To assess the capacity of inhibition of 

metallo-beta-lactamase was applied chi-square 
test. The difference in results was considered 
significant when p ≤ 0.05. 

RESULTS

Antimicrobial susceptibility test 
The majority of the isolates were sensitive to 

the different groups of antimicrobials (Table 1). 
Of the aminoglycosides, amikacin and 
tobramycin were effective against 63.8% and 
69.0% of the isolates, respectively. Aztreonam 
was active against 70.4% of the isolates. Of the 
cephalosporins, cefepime (71.8%) and 
ceftazidime (66.2%) were the most active. None 
of the isolates was sensitive to cefotaxime, 
emphasizing the high level of intermediary 
(59.2%) and total resistance (40.8%) to this 
drug. 

High resistance to ceftriaxone (60.6%) was 
also found. Of the quinolones, levofloxacin and 
ciprofloxacin were effective against 63.4% and 
6 6 . 2 %  o f  i s o l a t e s ,  r e s p e c t i v e l y . 
P iperac i l l in / t azobac tam (64 .8%)  and 
Piperacillin alone (63.4%) were also effective 
against Pseudomonas. Of the carbapenems, 
meropenem (81.7%) was more effective than 
imipenem (77.5%). Ticarcillin was found to 
have little effect (39.4%), emphasizing the high 
percentage of intermediary resistance (42.3%) 
to this antimic robial. Of the drugs tested, 
polymyxin B was the most effective, with 
sensitivity of 95.8%; however, the existence of 
2.8% of intermediary resistance and 1.4% of 
total resistance should be emphasized. 

In the group of samples with low sensitivity 
to the carbapenems (Table 2), there was a high 
percentage of resistance to ceftazidime (37.5%), 
cefotaxime and ceftriaxone (75.0%). Of the 
quinolones, the highest percentage of resistance 
was found for ciprofloxacin (62.5%). The low 
sensitivity of piperacillin/tazobactam (43.8%) 
and tobramycin (37.5%) was particularly 
noticeable. Of the isolates sensitive to 
carbapenems, only ceftriaxone was found to be 
poorly effective (10.9%), while cefotaxime had 

Tabela 1: In vitro susceptibility profile to antimicrobial 
agents of clinical samples of Pseudomonas seruginosa 
isolated from a teaching hospital, a general hospital and an 
oncology hospital in Goiânia, Brazil between January 
2005 and May 2006.
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no effect whatsoever. Polymyxin B was 
effective against the majority of isolates tested 
(98.2%); however, of the isolates with reduced 
sensitivity to carbapenems, 12.5% were found 
to offer intermediary resistance to this drug and 
1.8% of the isolates that were sensitive to the 
carbapenems had a phenotype that was totally 
resistant to polymyxin B. 

The majority of the isolates were obtained 
from the urinary tract (32.4%), blood (23.9%), 
surgical wound fluids (8.5%) and lower 
respiratory tract (5.6%). 

Phenotyping for MβL production 
The results obtained indicated that 12.7% of 

the samples produced MβL. Of the inhibitors 
used, EDTA was found to be more effective than 
2-MPA but the difference between EDTA and 2-
MPA was not significant (p = 0.94). Of the 9 
MβL-producing samples detected by the disk 
approximation method, 6 were confirmed as 
producers of this enzyme using the MβL Etest® 
strip. 

Genotyping test 
The six samples confirmed by Etest® MβL as 

producers MβL were confirmed, by PCR, as 
carriers of the gene blaSPM-1 (100%). Of the 
six isolates identified as gene carrier blaSPM-1, 
five were typed by PFGE and was identified as 

belonging to the same clone (Figure 1). 

The samples containing the MβL production-
codifying gene were isolated from patients in 
the teaching hospital, 50% originating from 
patients in the intensive care unit and 50% from 
patients in the general internal medicine ward. 

DISCUSSION

The emergence of gram-negative bacteria 
resistant to various broad-spectrum β-lactams 
become a clinical problem worldwide, 
especially those caused by P. aeruginosa, which 
is important etiologic agent of nosocomial 
infections and constitute a serious public health 

1,32-34problem . The resistance profile of P. 
aeruginosa can differ among isolates of the same 
species in different regions of the same country 
with the resistance pattern to different classes of 
a n t i m i c r o b i a l  a g e n t s ,  m a i n l y  t o 

35,36
carbapenems . 

Studies have shown a correlation between 
decreased sensitivity to imipenem and/or 
meropenem and concomitant decrease in 
sensitivity to other classes of antimicrobials, 
and may be associated with other resistance 
mechanisms such as decreased permeability of 
the outer membrane, production of β-lactamases 
capable hydrolyze carbapenems and active 

37,38efflux . The increased level of resistance of 
this microorganism occurs worldwide and has 

Tabela 2: In vitro sensitivity profile of Pseudomonas 
aeruginosa isolates to antimicrobials according to their 
sensitivity to Imipenem/Meropenem.

Figura 1: PFGE of five clinical isolates of P. aeruginosa 
producing MβL 5 different patients, from a teaching 
hospital between January 2005 and May 2006. Lines 1 
and 6 molecular weight marker. Lines 2-6 clinical isolates 
of P. aeruginosa from five different patients.
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several implications for clinical practice, as 
limited treatment options, which in many cases 

7 , 3 9 - 4 1
the only alternative is polymyxin . 
Phenotypic tests used for identification of 
strains producing MβL are controversial. 

Results from a study using strains producing 
the enzyme IMP, show the higher activity of 2-

27MPA than EDTA . Subsequently, another study 
showed that 2-dectrou MPA 100% of the isolates 
of Acinetobacter spp. MβL producers, but this 
chelator did not detect 10.5% of the isolates of P. 
aeruginosa producing this enzyme. 

In contrast, EDTA was more effective in 
detecting MβL samples of P. aeruginosa, but 
failed to detect 6% of the isolates of 

42Acinetobacter spp. MβL producer . Possibly, 
this divergence may be associated with class 
MβL produced by a particular microorganism 
and bacterial species tested, with a species more 
inhibited than other. The detection of MβL 
production by approximation disk can be a good 
method, however may vary according to the 
class of enzyme produced, and bacterial species 
tested and the chelating agent, but to confirm the 
production of MβL, tests more sensitive and 
specific must be used, as PCR. Among the 
chelating agents used, EDTA can result in a false 
positive test because it interferes with the 
growth of bacteria, thus complicating the 

27,29interpretation of results . Among six isolates 
of P. aeruginosa identified as producing MβL, 
five were confirmed by PCR as carrying the 
gene blaSPM-1. BlaSPM-1 gene was first 
identified in P. aeruginosa in the city of São 
Paulo, then different regions of Brazil, in the 

13,43-47environment and in other countries . Since 
the first identification of the gene blaSPM-1, in 
Brazil, it was observed that this enzyme has 
emerged as an important mechanism of 
resistance to β-lactam antibiotics in isolates of P. 
aeruginosa, especially in nosocomial infections, 
particularly in patients in ICUs, whose selection 
of resistant microorganisms occurs by selective 
pressure exerted by antibiotic use. The spread 
blaSPM-1 gene is carried by plasmids and 

5,13
transposons . 

The isolates gene carriers blaSPM-1 belong 
to the same clone that spread by direct contact 

between healthcare professionals and patients 
colonized or infected. To prevent transmission 
of microorganisms with multidrug resistance 
phenotype, requires the choice of measures that 
aims to prevent the spread and selection of the 
MβL isolates. For this purpose, shall be adopted 
not only universal procedures for infection 
control, but also effective policies that 
determine the controlled use of antimicrobials. 
Several strategies to control infection have been 
described, but to adopt any one of them should 
b e  c o n s i d e r e d  t h e  i n s t i t u t i o n a l 

48,49
characteristics . The ability to detect MBL by 
tests used in this study may have been limited by 
the number of isolates tested. 

CONCLUSION 

The most active antimicrobial agents against 
P. aeruginosa isolates, evaluated from three 
hospitals located in Goiania, Brazil in this study 
were: aztreonam, cefepime, imipenem, and 
meropenem. Among the isolates with reduced 
susceptibility to imipenem and/or meropenem, 
the most active drug was polymyxin B, 
confirming that very few options are available 
for treating infection caused by MβL P. 
aeruginosa producing. 

Phenotypic tests showed good performance 
to screen MβL-producingstrains, however, 
more sensitive and specific tests, such as PCR, 
must be used to confirm this mechanism of 
resistance. The spread of a single clone among 
the MβL-producing P. aeruginosa isolates, 
emphasizes the importance of hand hygiene to 
control the spread of multi-drug resistant 
bacteria. 

In addition, molecular detection of MβL 
encoding genes in clinical isolates is highly 
desirable to quickly optimize antimicrobial 
therapy and implement infection control 
measures in order to limit the spread of 
resistance genes. 
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