Epidemiol. Infect. (2007), 135, 343-345.
doi:10.1017/S0950268806006893  Printed in the United Kingdom

© 2006 Cambridge University Press
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SUMMARY

The prevalence of metallo-S-lactamase (MBL) production among Pseudomonas aeruginosa
nosocomial isolates from a Brazilian teaching hospital was determined. A total of 512

P. aeruginosa isolates were recovered from 245 patients during a 10-month period. Ninety-four
(38:4%, 95% CI 32-2-44-8 %) isolates were MBL producers. Most resistance to 3-lactams was
mediated by MBL. Forty-one (16-7 %) were resistant to all drugs except polymyxin B and

33 (80-5%) of these were MBL producers. Clonal dissemination, documented by DNA
macrorestriction, played a major role for the spread of MBL isolates. The blaspy;.; gene was
demonstrated by PCR in 14 randomly selected MBL isolates. The extremely high prevalence

of MBL production found challenges the choice of therapeutics for P. aeruginosa, and measures
to control horizontal dissemination of MBL producers are urgently required.

Pseudomonas aeruginosa is a leading cause of
nosocomial infections throughout the world. This
organism has constitutive resistance to many drug
classes and readily becomes resistant to all relevant
treatments owing to its multiply acquired resistance
mechanisms [1].

The p-lactamases are the major resistance mech-
anism in Gram-negative rods, including P. aeruginosa
[2]. In the past, the most common types of S-lacta-
mases, the AmpC types and the extended spectrum
pB-lactamases, have accounted for much of the f-
lactam resistance among Gram-negative nosocomial
pathogens, with the exception of carbapenems, which
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are stable against most of these enzymes [2]. Recently,
the Ambler class B pS-lactamases, the metallo-
p-lactamases (MBLs), have emerged as one of the
most potent resistance mechanisms because they
inactivate virtually all S-lactams, except aztreonam,
and because their genes are carried on highly mobile
elements [3]. The prevalence of MBLs has been
increasing worldwide, notably among P. aeruginosa,
severely limiting therapeutic options for the treatment
of patients [3].

p-lactam, including carbapenem, resistance in
P. aeruginosa is a significant problem in Latin
America, especially in Brazil [4]. In this country,
P. aeruginosa producing MBL (MBL-PA), particu-
larly the SPM-1 type, have been reported with
increasing frequency [5-7]. The current study was
performed to determine the prevalence of MBL pro-
duction and to assess the impact of these enzymes on
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[B-lactam resistance among P. aeruginosa nosocomial
isolates in a tertiary-care teaching hospital in Porto
Alegre, Southern Brazil.

From September 2004 to June 2005 all P. aerugin-
osa isolates recovered from patients admitted >48 h
(or from those who had been hospitalized in the last
60 days) to Sao Lucas Hospital, a 600-bed hospital,
were analysed. Only one isolate per patient was
included.

Biochemical tests were used to identify P. aerugin-
osa and included: oxidase production, oxidation of
glucose, arginine utilization, nitrate reduction, growth
on cetrimide agar, and production of characteristic
pigments. Susceptibility was determined by the disk-
diffusion method according to NCCLS guidelines
[8]. The following antibiotics were tested: amikacin,
aztreonam, cefepime, ceftazidime, ciprofloxacin, imi-
penem, meropenem and piperacillin-tazobactam.
Polymyxin B susceptibility was determined using the
interpretative criteria (=14 mm) proposed elsewhere
[9]. All isolates resistant to ceftazidime were screened
for MBL production with ceftazidime in the presence
of 2-mercaptopropionic acid as previously described
[10]. Minimum inhibitory concentrations (MICs) of
aztreonam, cefepime, ceftazidime, imipenem, mero-
penem and piperacillin-tazobactam were determined
by E test (AB Biodisk, Solna, Sweden) for MBL-PA
isolates.

A sample of randomly selected MBL-PA isolates
were tested by PCR for detection of the blaspy.; gene
as previously described [7]. DNA macrorestriction
using Spel followed by PFGE was performed for
molecular typing of randomly selected isolates [11].
Restriction fragment profiles were compared visually
and were analysed using the Tenover criteria [12].

Statistical analyses were carried out using SPSS
for Windows, version 13.0 (SPSS Inc., Chicago, IL,
USA). Prevalence ratios (PRs) and 95% confidence
intervals (Cls) were calculated. P values were calcu-
lated using x?* or Fisher’s exact test.

A total of 512 P. aeruginosa isolates were recovered
from 245 patients during the study period. MBL-PA
isolates were recovered at least once from 94 (38-4 %,
95% CI 32-2-44-8 %) of these 245 patients. The mean
MBL-PA prevalence each month was 364 % + 14-1,
ranging from 15:0% in November 2004 to 54:5%
in June 2005. MBL-PA isolates were more frequently
recovered from respiratory secretions (394 %),
followed by urine (22-3 %), blood (11:7%), surgical
wound (8:5%), central venous catheter (4:3%),
abdominal secretions (4:3%), and other secretions
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Table. Resistance to B-lactams and proportion

of metallo-f-lactamase (M BL)-mediated resistances
in 245 Pseudomonas aeruginosa nosocomial
isolates

MBL
n (%) of  producers MIC
B-lactams resistance  (%)* (g/DT
Cefepime 133 (54:3) 70-7 >256
Ceftazidime 119 (48:6) 79-0 =256
Imipenem 139 (56:7) 677 =32
Meropenem 128 (52-2) 734 =32
Piperacillin-tazobactam 150 (61-2) 627 >256

MIC, minimal inhibitory concentration.
* Percentage of MBL producers among resistant isolates.
1 MICs of MBL producers.

(9:5%). Non-MBL-PA isolates were recovered from
respiratory secretions (43-7%), followed by urine
(11-3%), surgical wound (10:6%), blood (6:6 %),
central venous catheter (3-3 %), abdominal secretions
(3:3%), and other secretions (21:2%). There was
no specific site associated with higher frequency of
recovery of MBL-PA (P=0-12).

Higher resistance rates were noted for piperacillin-
tazobactam (61-2%) followed by ciprofloxacin
(59:6%), imipenem (56-7%), cefepime (54:3 %),
meropenem (52-:2%), amikacin (50-6 %), ceftazidime
(48:6%) and aztreonam (31-8%). All isolates were
susceptible to polymyxin B.

As shown in the Table, MBL production was
detected in most S-lactam-resistant isolates. MBL
production was demonstrated in 33 (80-5%) of 41
isolates susceptible only to polymyxin B, and in 44
(95:7%) of 46 isolates susceptible only to polymyxin
B and aztreonam. Resistance to non-f-lactam agents
was significantly higher among MBL-PA isolates than
non-MBL-PA. Amikacin resistance was noted in 78
(83:0%) of 94 MBL-PA isolates and in only 46
(30:5%) of 151 non-MBL-PA isolates (PR 2:72, 95 %
CI 2:11-3-53, P<0-001). Ninety-three (98-9 %) MBL-
PA isolates were resistant to ciprofloxacin, while 53
(35:1%) of non-MBL-PA isolates were resistant to
this drug (PR 2-82, 95% CI 2-27-3-51, P<0-001).
Aztreonam resistance was also significantly higher
among MBL producers (40-4% vs. 26:5%, PR 1-53,
95% CI 1-06-2-19, P=0-03), although most of
MBL-PA isolates were intermediately resistant to this
drug (median MIC=12 g/l, range 6-16 g/l).

Fourteen MBL-PA isolates were tested for the
presence of MBL genes and all were positive
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for blagpp,. Of 18 MBL-PA isolates submitted to
molecular typing, 17 (94:9%) were clonally related
and only one showed a distinct DNA macrorestric-
tion profile.

Our study presents findings of great concern since
the prevalence of MBL among all nosocomial isolates
was extremely high even considering the lower limit of
the confidence interval (32-:2 %) as the real prevalence
in this population. Most f-lactam resistance was
mediated by MBL with MICs that indicated a high-
level of resistance to these drugs. Moreover, 41 iso-
lates were resistant to all drugs except polymyxin
B comprising 16-7% of all P. aeruginosa isolates and
35-5% if we include those 46 isolates which were also
susceptible to aztreonam. The great majority of these
isolates were MBL producers. Resistance to other
non-f3-lactam drugs, except polymyxin B, was also
significantly higher among MBL producers indicating
the presence of other resistance mechanisms. The
occurrence of intermediate or full resistance to
aztreonam in many isolates points towards the same
conclusion.

In summary, this study showed that MBL
can emerge in specific settings accounting for
broad-spectrum S-lactam resistance, and horizontal
transmission has been a major determinant of dis-
semination and maintenance of the endemic status
of MBL-PA at our institution [7]. Since MBLs are
proving to be a powerful resistance mechanism either
by their spectrum of activity or their capacity to
disseminate, and since resistance to polymyxin B will
probably increase following the widespread use of
this drug, extremely rigid infection control measures
must be urgently adopted, otherwise we may be
briefly facing untreatable P. aeruginosa nosocomial
infections.
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