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Carbapenem resistance rates in Pseudomonas aeruginosa isolates in Colombia, as in many South American
countries, are high for reasons that remain unclear. From our nationwide network, we describe the first
detection of the metallo-�-lactamase VIM-2 in clinical isolates of P. aeruginosa from multiple cities within
Colombia. Metallo-�-lactamases were not detected in the two centers with the highest imipenem resistance
rates. Clonality was noted in five of the eight centers with strains meeting the criteria for molecular typing. The
high carbapenem resistance in P. aeruginosa in Colombia may be attributable to a combination of factors,
including the presence of metallo-�-lactamases and nosocomial transmission.

Antibiotic-resistant bacteria are a threat to hospital patients
worldwide. Among gram-negative bacilli, resistance rates tend
to be much higher in Latin America than in the United States
and Europe (16). This is true for organisms harboring extend-
ed-spectrum �-lactamases (ESBLs), as well as for multiresis-
tant nonfermenters. The reasons for this discrepancy are
unclear. Multidrug-resistant Pseudomonas aeruginosa is partic-
ularly worrisome because this pathogen can become resistant
to all available antibiotics.

During 2002, our research center, the Centro Internacional
de Entrenamiento e Investigaciones Medicas (CIDEIM), lo-
cated in Cali, Colombia, established a network of eight major
teaching hospitals from three different cities (Medellı́n,
Bogotá, and Cali) in order to study ESBL prevalence and
molecularly characterize ESBLs in Colombia. In 2003, hospi-
tals in three additional cities (Bucaramanga, Pereira, and Bar-
ranquilla) entered the network.

High resistance rates were seen in P. aeruginosa in most of
the hospitals of our network throughout 2003. At this time, our
study was expanded to examine the mechanisms of carba-
penem resistance in P. aeruginosa, including identifying and
characterizing metallo-�-lactamases (MBLs). We also sought
evidence for outbreaks due to inadequate infection control
programs by employing molecular typing by pulsed-field gel
electrophoresis (PFGE).

MBLs are enzymes that hydrolyze penicillins, cephalospo-
rins, and carbapenems but not aztreonam (1). This phenotype
may be helpful in identifying these strains in the laboratory.
The two major MBL families, IMP and VIM, show low amino
acid homology between the enzymes (approximately 30% to
40%), although their hydrolytic properties are similar (6).
Eleven VIM variants have been reported worldwide, mostly in
European and Asian countries, occurring in numerous bacte-

rial species. VIM-2, which shares 90% amino acid identity with
VIM-1, is the most widespread VIM in terms of both hosts and
geography (22).

This report describes the first detection of VIM-2 enzymes
from multiple cities within Colombia, noting the current im-
pact of their presence on carbapenem resistance rates within
the facilities studied.

MATERIALS AND METHODS

During 2004, CIDEIM conducted a study of nosocomial multidrug-resistant P.
aeruginosa with the participation of 10 tertiary-care institutions from the Colom-
bian Nosocomial Resistance Study Group in six different cities. Centers were
selected if they provided tertiary care, had microbiologists and infectious disease
physicians on site, and agreed to participate.

In order to determine the rates of carbapenem resistance, epidemiological and
susceptibility information on all bacteria isolated from patients hospitalized in
general wards and intensive care units was received once a month throughout
2004. The information was downloaded from the databases of each microbiology
laboratory and sent to CIDEIM by an electronic or magnetic device. The data
were transferred to a general database designed by CIDEIM and run on WHO-
NET 5.3 software (18). Simultaneously, all P. aeruginosa isolates from intensive
care units and general wards resistant to ceftazidime and imipenem or mero-
penem were sent to CIDEIM for further analysis. Not all institutions had isolates
with this phenotype.

Bacterial identification and antimicrobial susceptibility. Bacterial identifica-
tion of the isolates received was confirmed by Vitek (BioMérieux, Lyon, France)
with the GNI� card according to the manufacturer’s instructions. Carbapenem
and ceftazidime resistance was confirmed by determining the MICs by a twofold
standard broth microdilution method in cation-adjusted Mueller-Hinton broth
by following the NCCLS M7-A6 guidelines (11). Antimicrobial agents tested
included imipenem (Merck Sharp & Dohme, Rahway, NJ), meropenem (Astra-
Zeneca, Alderly Park, United Kingdom), and ceftazidime (Sigma-Aldrich, St.
Louis, MO).

Strain typing. Chromosomal DNA of all strains received by CIDEIM was
prepared by following the method described by Gautom (5), with some modifi-
cations. In brief, a bacterial cell suspension was made in 100 mM Tris–100 mM
EDTA buffer. A plug was prepared from 200 �l of this suspension and 200 �l 2%
LPM agarose and then placed in lysis buffer (50 mM Tris, 50 mM EDTA, pH 8.0,
1% N-lauroylsarcosine; 1 mg/ml proteinase K) and incubated at 55°C. The plugs
were washed twice with preheated (50°C), sterile, distilled water for 15 min and
then washed five times in preheated (50°C) sterile TE (10 mM Tris, pH 8.0, 1
mM EDTA). DNA was digested with XbaI (Promega, Madison, WI) at 37°C for
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2 h and run in a 1% agarose gel with Chef Mapper (Bio-Rad, Fremont, CA) at
14°C and 6 V/cm with pulse times of 1 s and 30 s for 19 h. The gels were visualized
with ethidium bromide and the results analyzed with Diversity software (Bio-
Rad) in order to determine similarities and differences among the bacterial
isolates from within each hospital. Band-based dendrograms were produced by
using Dice coefficients (4). Indistinguishable (100% related) and closely related
(85% to 99% related) pulsotypes were considered clonal.

MBL screening. One isolate per pulsotype with an imipenem or meropenem
MIC of �32 �g/ml and a ceftazidime MIC of �64 �g/ml was selected for MBL
screening. MBL Etest strips (AB Biodisk, Solna, Sweden) were used according to
the protocol recommended by the manufacturer (21). MIC ratios (MIC of
imipenem alone/MIC of imipenem plus EDTA) of �8 were considered positive
for MBL production.

PCR amplification and sequencing. Genomic DNA was prepared by boiling a
bacterial culture in 100 �l of distilled water for 10 min. Amplification reactions
were carried out with 1 �l of boiled bacterial suspensions, 20 mM Tris-HCl (pH
8.4), 50 mM KCl, 200 �M each deoxynucleoside triphosphate (Invitrogen, Carls-
bad, CA), 2.0 mM MgCl2, 25 pmol of each primer, and 1 U of Platinum Taq
DNA polymerase (Invitrogen). A 10� Mg-free buffer and 50 mM MgCl2 were
supplied by the manufacturer. The PCR program consisted of a bacterial lysis
and DNA denaturation step of 10 min at 94°C; 30 cycles with a 1-min denatur-
ation step at 94°C, a 1-min annealing step at 54°C, and a 2.5-min extension at
72°C; and a final 10-min extension step at 72°C.

Primers 5�CS and 3�CS (8), specific for the 5� and 3� conserved sequences,
respectively, of class 1 integrons and consensus VIM primer sequences (20), were
used for blaVIM genes (Table 1). Combinations of these two primer sets were
used to amplify the entire blaVIM gene and the surrounding genetic context for
sequencing. Products were detected by 1% agarose gel electrophoresis with
ethidium bromide staining. PCR products were purified by use of the QIAquick
PCR purification kit (QIAGEN, Valencia, CA). Sequencing of both strands was
performed by ACGT, Inc. (Wheeling, IL).

RESULTS

During the study period, great variability was seen in the
resistance rates among our hospitals. From P. aeruginosa iso-
lates in general wards, imipenem resistance averaged 13.5%
(range, 5.8 to 30.8%), while in intensive care units, the average
was 26.6% (range, 2 to 71.4%) (Table 2).

Out of the 896 imipenem-resistant P. aeruginosa isolates
identified within our 10 participating institutions, 68 isolates
that met our inclusion criteria of resistance to ceftazidime and
imipenem or meropenem were received by CIDEIM in 2004
and subsequently subjected to PFGE analysis. Two institu-
tions, centers B and J, had no isolates with this phenotype.
From this collection of 68 isolates, analysis for MBLs was
limited to those having an imipenem or meropenem MIC of
�32 �g/ml and a ceftazidime MIC of �64 �g/ml. MIC deter-
minations identified 33 isolates having this phenotype, repre-
senting 16 different pulsotypes. One isolate per pulsotype was
then screened by MBL Etest for the presence of MBLs. Six
were identified as MBL screen positive; two pulsotypes in each
participating hospital in the cities of Cali, Pereira, and Barran-
quilla. All six proceeded to PCR and sequencing analysis.
Strain typing had initially been determined within but not
between institutions. Pulsotypes D1 from Pereira and E1 from
Cali were later recognized as being closely related by PFGE,

although neither was related to the pulsotypes from Barran-
quilla (data not shown). This was an unanticipated observa-
tion, and there was no evidence for patient transfer between
these two cities that could explain the strain relatedness. Al-

TABLE 1. Oligonucleotides used in PCR amplification

Primer Target Nucleotide sequence (5� to 3�) GenBank accession no. Position Reference

5�-CS 5� class 1 integron variable region GGC ATC CAA GCA GCA AG M73819 1190–1206 8
3�-CS 3� class 1 integron variable region AAG CAG ACT TGA CCT GA M73819 1342–1326 8
VIM-F Conserved region of VIM gene GTC TAT TTG ACC GCG TC 20
VIM-R Conserved region of VIM gene CTA CTC AAC GAC TGA GCG 20

TABLE 2. Percentages of imipenem resistance and presence of
clonality in 10 Colombian hospitals in 2004

Hospital
and

department
City

Pseudomonas aeruginosa

% of isolates
resistant

(total no.)

Pulsotype(s) (no. of
strains)b

Aa

Wards Barranquilla 8.0 (87) A1 (4), A2 (3), A3
(unique)

ICUc 9.7 (82)

B
Wards Bucaramanga 7.4 (27) ND
ICU 10.5 (19)

C
Wards Bogotá 15.7 (51) C1 (2), C2–C9

(unique)
ICU 45.5 (11)

Da

Wards Pereira 11.4 (35) D1 (2), D2 (unique),
D3–D10 (unique)

ICU 36.7 (30)

Ea

Wards Cali 5.8 (86) E1 (2), E2 (unique),
E3–E5 (unique)

ICU 2 (49)

F
Wards Medellı́n 28 (43) F1 (5), F2 (4), F3–

F16 (unique)
ICU 71.4 (21)

G
Wards Medellı́n 6.8 (59) G1–G6 (unique)
ICU 18.2 (55)

H
Wards Bogotá 30.8 (107) H1–H3 (unique)
ICU 40 (30)

I
Wards Bucaramanga 8 (49) J1 (unique)
ICU 5.9 (17)

J
Wards Bogotá 11.8 (34) ND
ICU 25 (4)

a Hospital from which VIM-2-carrying bacteria were isolated.
b ND, not determined. Bold indicates a MBL-positive pulsotype.
c ICU, intensive care unit.
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though these isolates from Pereira and Cali would have been
designated as clonal, they were analyzed independently for
identification of the MBL due to their different geographical
origins.

PCR amplification and sequencing detected the presence of
blaVIM-2, on a class 1 integron, in each of the six clones of P.
aeruginosa. Two different gene cassette organizations were
identified in comparing the partially characterized integrons of
these isolates (Fig. 1). Pulsotypes D1 and D2 from Pereira and
E1 and E2 from Cali exhibited the same integron arrangement,
which contained the unusual aminoglycoside-modifying en-
zyme, aacA29a, as the first gene cassette and VIM-2 as the
second cassette. This combination of gene cassettes has only
been reported once before in a class 1 integron, In59, from
France (12). In pulsotypes A1 and A3 from Barranquilla, how-
ever, VIM-2 occurred as the first gene cassette on the integron.
We were unable to determine the portions downstream of
VIM-2 in these clones as they lacked the 3� conserved se-
quence used in the sequencing PCR.

Of the 10 hospitals where imipenem-resistant P. aeruginosa
was studied, isolates conforming to our criteria were obtained
from 8. Clonality was detected at five of these institutions. In
three (centers C, D, and F) of the four hospitals with the
highest imipenem resistance rates (the aforementioned and
center H), clonality was present (Table 2). In two (centers A
and E) of the three centers where MBLs were detected, there
were low imipenem resistance rates. In contrast, the center
with the highest imipenem resistance rates (center F) had
many strains related by PFGE but none were MBL producers.
Generally, strain relatedness was observed within, but not be-
tween, individual centers, with the exception of the aforemen-
tioned Cali-Pereira VIM-2-producing clone.

DISCUSSION

The list of MBL enzymes detected in the Americas contin-
ues to grow: IMP-1, IMP-7, IMP-16, VIM-2, VIM-7, VIM-8,
and SPM-1 (3, 6, 9, 10, 15, 19). Many of these have been
reported exclusively in P. aeruginosa. The first VIM-2 in South
America, reported in 2002 by the SENTRY program, occurred
in single hospitals in Chile and Venezuela (10). In 2004, a
widespread outbreak of multidrug-resistant P. aeruginosa har-
boring VIM-8 was described in one hospital in Cali, Colombia.
Environmental contamination was documented, and disinfec-
tion was associated with termination of the outbreak (3).

We report high carbapenem resistance rates among isolates
of P. aeruginosa in Colombia. These can be attributed to a

combination of factors, including the presence of a carbapen-
emase, VIM-2, in P. aeruginosa and nosocomial outbreaks,
presumably due to inadequate infection control. Of these two
factors, the latter appears to have had a greater impact. Car-
bapenem resistance rates did not correlate with the presence of
VIM-2, as two centers harboring VIM-2 producers had low
resistance rates while several centers with high resistance rates
did not have detectable carbapenemases.

The genes for MBL enzymes, like those for OXA-ESBLs,
are often carried as cassettes within integrons. These natural
recombination systems assemble series of acquired genes be-
hind a single promoter, with the �-lactamase genes often ad-
jacent to aminoglycoside 6�-N acetyltransferase [aa(6�-1b)] de-
terminants (13), conferring resistance to multiple antibiotic
classes. Although MBLs are not very prevalent thus far, they
remain a real threat to hospitals and patients because of the
risk of dissemination through these mobile genetic elements.
Widespread outbreaks have been reported in several countries,
including Colombia (2, 3, 6, 7, 14, 17).

Antimicrobial resistance in P. aeruginosa strains may be ac-
quired through either horizontal gene transfer or selection of
novel resistant strains. Our documented VIM-2 producers
were detected from three different Colombian cities and be-
longed to five different pulsotypes. This report shows that the
same gene cassette arrays, including an unusual aminoglyco-
side-modifying enzyme, aacA29a, were found in the clones
producing VIM-2 from Pereira and Cali. The presence of in-
tegrons containing the same organization of cassettes in three
different pulsotypes suggests a hypothesis of horizontal gene
transfer of the integron. Conversely, the integron organization
identified in clones from Barranquilla was unique in compar-
ison, suggesting independent acquisition of blaVIM-2 by the P.
aeruginosa isolates from this city.

That clonality was found to exist in five of the eight centers
from which strains were typed, independent of VIM-2 produc-
tion, suggests that standard infection control measures such as
hand hygiene, barrier precautions, and perhaps disinfection
guidelines for equipment are not being followed. This is a
problem in hospitals worldwide.

There are several implications of these data. Given the great
variability from center to center, it is essential that local sur-
veillance programs be maintained in each hospital as they can
provide an invaluable data source to provide guidance for
formulary decision making. In addition, molecular typing has
emphasized the need to improve infection control in some
centers.
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