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VIM-1-producing Klebsiella pneumoniae (VPKP) is an emerging pathogen. A prospective observational study
was conducted to evaluate the importance of VIM production on outcome of patients with K. pneumoniae
bloodstream infections (BSIs). Consecutive patients with K. pneumoniae BSIs were identified and followed up
until patient discharge or death. A total of 162 patients were included in the analysis; 67 (41.4%) were infected
with VPKP, and 95 were infected with non-VPKP. Fourteen of the patients infected with VPKP were carbap-
enem resistant (Carbr) (MIC > 4 �g/ml), whereas none of the non-VPKP exhibited carbapenem resistance.
The patients infected with a Carbr organism were more likely (odds ratio, 4.08; 95% confidence interval [CI],
1.29 to 12.85; P � 0.02) to receive inappropriate empirical therapy. The all-cause 14-day mortality rates were
15.8% (15 of 95) for patients infected with VIM-negative organisms, 18.9% (10 of 53) for those infected with
VIM-positive carbapenem-susceptible organisms, and 42.9% (6 of 14) for those infected with VIM-positive
Carbr organisms (P � 0.044). In Cox regression analysis, age (hazard ratio [HR], 1.03; 95% CI, 1.01 to 1.06;
P � 0.021), rapidly fatal underlying disease (HR, 2.84; 95% CI, 1.26 to 6.39; P � 0.012), and carbapenem
resistance (HR, 2.83; 95% CI, 1.08 to 7.41; P � 0.035) were independent predictors of death. After adjustment
for inappropriate empirical or definitive therapy, the effect of carbapenem resistance on outcome was reduced
to a level of nonsignificance. In patients with K. pneumoniae BSIs, carbapenem resistance, advanced, age, and
severity of underlying disease were independent predictors of outcome, whereas VIM production had no effect
on mortality. The higher mortality associated with carbapenem resistance was probably mediated by the failure
to provide effective therapy.

Over the last few years, the reliance on carbapenems has
been challenged owing to the wide spread of acquired metallo-
�-lactamases [MBLs] (2, 11, 20, 25, 31). Two dominant groups
of acquired MBLs have been recognized: the IMP and VIM
types. This class of enzymes is characterized by the ability to
hydrolyze carbapenems and all available �-lactams with the
exception of aztreonam. Moreover, since the MBL genes are
linked to other resistance determinants within the same inte-
gron or plasmid, MBL-producing organisms are commonly
multidrug resistant, further compromising our therapeutic op-
tions (8, 26, 28).

MBLs have spread throughout the world with an overall
trend moving from Pseudomonas aeruginosa into Enterobacte-
riaceae (9, 10, 14, 16, 18, 22, 23, 28). Recently, there have been
several reports on the emergence of VIM-producing Klebsiella
pneumoniae (VPKP), mainly in Southern Europe (16, 20). In
Greece, VPKP isolates are endemic in various hospitals and
cause life-threatening infections (5, 8, 29). Based on previous
reports (30) and on the National Surveillance System for An-

tibiotic Resistance Database (www.mednet.gr/whonet/top
.htm), the dissemination of such isolates appears to have oc-
curred in a relatively short period of time in this region,
probably between 2002 and 2003.

Although there have been several reports on the emergence
and spread of MBL-producing organisms (3, 4, 8, 13, 16), our
understanding of what MBL-production entails in terms of
clinical impact and antimicrobial chemotherapy for infections
caused by K. pneumoniae is limited. Given the clinical impor-
tance of VPKP, a prospective observational study was con-
ducted to investigate: (i) the microbiologic characteristics of
VPKP causing bloodstream infections (BSIs) and (ii) the effect
of VIM-production on the outcome of such infections. The
microbiologic data of this survey have been reported elsewhere
(24). Briefly, 37.6% of K. pneumoniae blood isolates were
VIM-1 producers. VIM-1 was mediated by a single integron
that had been spread through transferable plasmids to a wide
variety of chromosomal types. VPKP isolates were invariably
multidrug resistant (resistant to three or more distinct classes
of antimicrobial agents); however, MICs of carbapenems var-
ied significantly from the susceptible range to high-level resis-
tance (0.125 to 32 �g/ml) even between isolates of common
clonal origin. We report here the clinical characteristics of
patients infected with VPKP and the impact of VIM produc-
tion on the outcome of such patients.

* Corresponding author. Mailing address: First Department of Pro-
paedeutic Medicine, Laiko General Hospital, Mikras Asias 75, Athens
115-26, Greece. Phone: 30-2107462636. Fax: 30-2107462635. E-mail:
gdaikos@med.uoa.gr.

� Published ahead of print on 17 February 2009.

1868



MATERIALS AND METHODS

Study design. A prospective observational study was conducted in three ter-
tiary-care hospitals located in the Athens metropolitan area; in hospital A, a
500-bed hospital, between February 2004 and March 2006 and in hospitals B and
C, 1,000- and 400-bed hospitals, respectively, between February 2005 and March
2006. Consecutive patients with K. pneumoniae BSIs were identified by daily
communication with the clinical microbiology laboratory. The medical records of
all patients who had one or more blood cultures positive for K. pneumoniae and
clinical courses consistent with bacteremia were reviewed upon notification and
twice a week until discharge or death. Each patient was included in the study
once. Pertinent information regarding demographic characteristics, underlying
disease, severity of illness, use of immunosuppressive drugs, prior hospitaliza-
tions, prior antibiotic use over the last three months, and the antibiotics used for
the episode of bacteremia was abstracted in a predesigned form. The decisions
on antimicrobial chemotherapy were made either by the attending physician of
the patient or by an infectious diseases specialist according to accepted clinical
practices and the local trends of antimicrobial resistance. The endpoint was
all-cause mortality at day 14 after the onset of bacteremia. Patients discharged
from the hospital before the day 14 were considered survivors. The study was
approved by the institutional review board of each hospital; the need for in-
formed consent had been waived.

Microbiology. Blood cultures were performed by the Wider I automated sys-
tem (Dade Behring MicroScan, West Sacramento, CA), and species identifica-
tion was confirmed by the API 20E (bioMerieux, Marcy l’Etoile, France). All
blood isolates were collected in our research laboratory for further examination.
Susceptibilities to antibiotics were determined by the Etest (AB Biodisk, Solna,
Sweden). Other characteristics of K. pneumoniae isolates, including pulsed-field
gel electrophoresis (PFGE) types and bla gene carriage, were examined as
described previously (24).

Definitions. BSIs were classified into one of three categories according to the
Friedman et al. classification (6): nosocomial (positive cultures obtained from
patients already hospitalized for 48 h or longer), healthcare associated (positive
cultures obtained at admission or within 48 h or if the patient had received
intravenous therapy at home, had attended a hospital or hemodialysis clinic or
had received intravenous chemotherapy or was hospitalized in the preceding 3
months, or had resided in a long-term care facility), and community acquired
(positive culture obtained at admission or within 48 h of hospitalization, for
patients not fulfilling the criteria for healthcare-associated infection). The site of
infection was determined to be urinary, intra-abdominal, vascular catheter-re-
lated, pulmonary, soft-tissue, primary bloodstream infection or unknown accord-
ing to Centers for Disease Control and Prevention definitions (7). To obtain
comparisons regarding the severity of underlying illnesses, all patients were
classified into one of three categories: rapidly fatal, ultimately fatal, and nonfatal,
according to the McCabe and Jackson classification (17). Patients on immuno-
suppressive medication and patients with human immunodeficiency virus infec-
tion or neutropenia (�1,000 neutrophils/mm3) were classified as immunocom-
promised. The severity of bacteremia was assessed by the Pitt bacteremia score
as described previously (21). Appropriate empirical antibiotic therapy for an
episode of bacteremia was defined as treatment with at least one antibiotic that
had in vitro activity against the infecting organism, initiated within 48 h of the
initial positive blood culture, and given in adequate dosage. Appropriate defin-
itive treatment was defined as the use for at least 48 h of an antimicrobial agent
to which the infecting organism was susceptible in vitro. The classification of the
organisms as in vitro susceptible or resistant was based on the Etest results (on
several occasions the results were different from those reported by the clinical
microbiology laboratories of the participating hospitals) and the current break-
points for carbapenems as issued by the Clinical and Laboratory Standards
Institute (19). For patients with polymicrobial bacteremia the definition of ap-
propriate therapy pertains to therapy that was appropriate for all isolated or-
ganisms.

Statistical analysis. The data were processed and analyzed by using the SPSS
statistics software (version 12 for Windows). Initial univariate comparisons were
conducted by using the �2 or the Fisher exact test for categorical variables and
the Student t test or the Mann-Whitney U test for continuous variables. Cox
regression analysis was performed to assess for factors independently associated
with mortality. Variables for which the P value was �0.10 in univariate analysis
were included in the model. Odds ratios (OR), hazard ratios (HRs), and 95%
confidence intervals (CIs) were calculated. Survival curves were prepared with
Kaplan-Meier estimation and compared using the log-rank test. All tests were
two tailed, and a P � 0.05 was considered significant.

RESULTS

Patients. A total of 178 patients with K. pneumoniae BSIs
were identified; 16 of the BSIs were community acquired, 27
were healthcare associated, and 135 were nosocomial. A total
of 162 patients were included in the analysis; 16 patients who
had community-acquired BSIs were excluded since they were
considered to represent patients with different characteristics
(the primary site of infection was the urinary tract in 12, and
none of the infections was caused by VPKP). A total of 76
(47.9%) were identified in hospital A, 60 (37%) were identified
in hospital B, and 26 (16%) were identified in hospital C. A
total of 82 (50.6%) episodes occurred in medical wards, 53
(32.7%) occurred in ICUs, and 27 (16.7%) occurred in surgical
wards. One hundred and three (63.6%) of the patients were
males, and fifty-nine (36.4%) were females. The mean patient
age was 60.3 years (median, 62.5; range, 17 to 97 years). The
mean duration of hospitalization before the onset of bactere-
mia was 25.85 � 37.87 days. The probable source of bactere-
mia was the genitourinary tract in 22 cases, the abdomen in 32
cases, the intravascular catheter in 11 cases, the skin or soft
tissue in 8 cases, and the lung in 44 cases. In 45 instances no
definite portal of entry could be detected. A total of 158 pa-
tients had at least one underlying disease; 33 had rapidly fatal
disease, 119 had ultimately fatal disease, and 6 had nonfatal
disease. The remaining four patients had no underlying dis-
ease.

Microorganisms. Of the 162 isolates, 67 (41.4%) produced
metallo-�-lactamase type VIM-1. The carbapenem MICs for
the 67 VPKP strains ranged from 0.125 to 32 �g/ml; 14 isolates
were resistant to both imipenem and meropenem (MIC � 4
�g/ml), and 53 were susceptible to either imipenem or mero-
penem (MIC � 4 �g/ml). The MICs of meropenem were one-
to twofold lower. The wide diversity in the MICs of carbapen-
ems from the susceptible to fully resistance range has been
attributed to loss of porins and duplications of the blaVIM-1

gene in some of VPKP isolates (15). All VPKP isolates were
resistant to amoxicillin-clavulanate, ticarcillin-clavulanate, pip-
eracillin, cefoxitin, cefotaxime, and ceftazidime. One VPKP
isolate was susceptible to piperacillin-tazobactam, and two iso-
lates were susceptible to cefepime. Forty-seven of the VPKP
isolates exhibited either resistance or decreased susceptibility
to aztreonam due to SHV-5 type ESBL production, as found in
a previous study on this collection of isolates (24). High resis-
tance rates were also observed for tobramycin (100%), genta-
micin (47.8%), amikacin (86.6%), cotrimoxazole (100%), tet-
racycline (85.1%), and ciprofloxacin (86.6%). Thus, the VPKP
isolates were resistant to three or more distinct antimicrobial
classes. None of the 95 VIM-negative isolates exhibited either
resistance or decreased susceptibility to carbapenems (imi-
penem MICs ranged from 0.064 to 0.5 �g/ml). Nevertheless, 17
(17.9%) of the latter isolates produced SHV-5-type ESBL and
displayed resistance to broad-spectrum cephalosporins and az-
treonam. The remaining 78 isolates were susceptible to newer
�-lactams. Fluoroquinolone resistance was also common in the
ESBL-positive group and the respective rate (83.3%) was com-
parable with that of VIM producers. The VPKP isolates be-
longed to 12 distinct PFGE types, and several of these types
have invaded all three participating hospitals. Interestingly,
similar PFGE types were observed among VIM-positive car-

VOL. 53, 2009 VIM-PRODUCING KLEBSIELLA BACTEREMIA 1869



bapenem-resistant, VIM-positive carbapenem-susceptible, and
VIM-negative isolates. Detailed characteristics of the isolates,
with regard to PFGE types, bla genes, and presence of inte-
grons, have been described previously (24).

Treatment. Of 67 patients infected with VIM-positive iso-
lates, 49 (73.1%) received appropriate empirical therapy, and
18 (26.9%) received inappropriate therapy. Of those who re-
ceived appropriate therapy, 12 received combination therapy
with two active drugs (9 received meropenem and 3 received
imipenem along with colistin [8 patients] or an active amino-
glycoside [4 patients]), and 37 received therapy with one active
drug (9 meropenem, 5 imipenem, 15 colistin, and 8 an active
aminoglycoside). Among the 95 patients infected with a VIM-
negative organism, 84 received appropriate empirical therapy
and 11 inappropriate. Of note, the patients infected with an
organism for which the MICs of both imipenem and mero-
penem were �4 �g/ml were more likely (OR, 4.08; 95% CI,

1.29 to 12.85; P � 0.02) to have received inappropriate empir-
ical therapy.

Outcome. The all-cause 14-day mortality was 19.1%: 15.8%
(15 of 95 patients died) for the patients infected with a VIM-
negative organism, 18.9% (10 of 53 patients died) for the
patients infected with a VIM-positive carbapenem-susceptible
organism, and 42.9 (6 of 14 patients died) for the patients
infected with a VIM-positive carbapenem-resistant organism.
The mortality rates for the patients who received appropriate
or inappropriate empirical therapy were 16.5% (22/133) and
31% (9/29), respectively. Mortality rates, according to the em-
pirical treatment regimen, for the patients infected with VIM-
positive organisms were as follows: 8.3% (1/12) for those who
received combination therapy with two active drugs, 27% (10/
37) for those who received therapy with one active drug, 27.8%
(5/18) for those who received inappropriate empirical therapy,
and 28.6% (4/14) for inappropriate definitive therapy. Table 1

TABLE 1. Univariate analysis of factors associated with all-cause 14-day mortality for 162 patients with K. pneumoniae bloodstream infections

Variable
No. of patients/total (%)

OR (95% CI) P
Survived (n � 131) Died (n � 31)

Host-related
Mean age (yr) � SD 59.01 � 18.16 65.74 � 16.94 1.02 (1.00–1.05) 0.06
Gender

Male 85/103 (82.5) 18/103 (17.5) 0.75 (0.34–1.67) 0.48
Female 46/59 (78.0) 13/59 (22.0)

Comorbidities
�2 61/79 (77.2) 18/79 (22.8) 1.59 (0.72–3.51) 0.25
�2 70/83 (84.3) 13/83 (15.7)

Rapidly fatal underlying disease
Yes 23/33 (68.7) 10/33 (30.3) 2.23 (0.93–5.38) 0.07
No 108/129 (83.7) 21/129 (16.3)

Pitt bacteremia score
�4 51/71 (71.8) 20/71 (28.2) 2.85 (1.26–6.45) 0.01
�4 80/91 (87.9) 11/91 (12.1)

Infection related
ESBL production

Yes 50/62 (80.6) 12/62 (19.4) 1.02 (0.46–2.29) 0.95
No 81/100 (81.0) 19/100 (19.0)

VIM-1 production
Yes 51/67 (76.1) 16/67 (23.9) 1.67 (0.76–3.68) 0.20
No 80/95 (84.2) 15/95 (15.8)

MIC of carbapenems
�4 �g/mla 8/14 (57.1) 6/14 (42.9) 3.69 (1.18–11.57) 0.02
�4 �g/ml 123/148 (83.1) 25/148 (16.9)

Source of bacteremia
Nonurinary 110/140 (78.6) 30/140 (21.4) 5.73 (0.74–44.32) 0.09
Urinary 21/22 (95.5) 1/22 (4.5)

Polymicrobial bacteremia
Yes 23/34 (67.6) 11/34 (32.4) 2.58 (1.09–6.12) 0.03
No 108/128 (84.4) 20/128 (15.6)

Treatment related
Appropriate empirical therapy

No 20/29 (69.0) 9/29 (31.0) 2.27 (0.91–5.64) 0.08
Yes 111/133 (83.5) 22/133 (16.5)

Appropriate definitive therapy
No 17/25 (68) 8/25 (32) 2.33 (0.90–6.05) 0.08
Yes 114/137 (83.2) 23/137 (16.8)

a The MICs of both imipenem and meropenem were �4 �g/ml.
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presents the univariate analysis of host-, infection-, and treat-
ment-related factors with their potential effects on mortality.
As shown, VIM or ESBL production had no effect on mortal-
ity, whereas resistance to carbapenems (MICs of imipenem
and meropenem of �4 �g/ml) had a significant impact on
14-day mortality. Also the patients with polymicrobial bacte-
remia and a Pitt bacteremia score of �4 were associated with
increased mortality. Patient age, the severity of the underlying
disease, the source of the bacteremia, and inappropriate em-
pirical or definitive therapy had a trend for higher mortality. By
entering in the Cox regression model all of the host- and
infection-related variables for which the P values were �0.10 in
the univariate analysis, an MIC of carbapenems of �4 �g/ml
(HR, 2.83; 95% CI, 1.08 to 7.41; P � 0.035], age (HR, 1.03;
95% CI, 1.01 to 1.06; P � 0.021), and rapidly fatal underlying
disease (HR, 2.84; 95% CI, 1.26 to 6.39; P � 0.012) were
associated with 14-day mortality (Table 2, model 1). After
adjustment for “inappropriate empirical treatment” or “inap-
propriate definite treatment,” the effect of carbapenem resis-
tance on 14-day mortality was reduced to a level of nonsignifi-
cance, while the HRs and the P values of the other variables
remained essentially unchanged (Table 2, model 2). Figure 1
shows the survival probability according to VIM production
and the susceptibilities of the infecting organisms to carbap-
enems. The patients infected with an organism for which the
MICs of both imipenem and meropenem were �4 �g/ml were
at greater risk to die than those infected with a VIM-positive
carbapenem-susceptible or VIM-negative organism (log rank �
6.27, P � 0.044).

DISCUSSION

A significant proportion (41.4%) of nosocomial and health-
care-associated K. pneumoniae BSIs in our geographic region
is caused by VIM-producing organisms. Overall, the mortality
of patients infected with VPKP was not significantly different
from that observed in patients infected with non-VPKP. The
subgroup of patients, however, infected with VIM-positive car-
bapenem-resistant organisms had significantly higher mortality
compared to patients infected with carbapenem-susceptible
organisms. More importantly, carbapenem resistance re-
mained an independent predictor of adverse outcome even
after adjusting for a number of host- and infection-related
factors.

The effect of carbapenem resistance on mortality was prob-
ably mediated by the failure to provide effective antimicrobial
therapy. Indeed, by including in the statistical model the vari-

ables “inappropriate empirical or definitive treatment” the ef-
fect of carbapenem resistance on mortality was reduced to a
level of nonsignificance. This hypothesis was further supported
by the fact that the patients infected with carbapenem-resistant
VPKP had four times increased risk to receive inappropriate
empirical treatment which presumably, as has been suggested
by several investigators (1, 12), led to worse outcome. Another
factor that might have influenced the outcome of patients
infected with carbapenem-resistant VPKP could be an en-
hanced virulence of the resistant organisms. The PFGE anal-
ysis of the organisms, however, argues against this hypothesis.
As has been reported previously, the VPKP isolates were dis-
tributed into a relatively large number of chromosomal types,
most of which included both carbapenem-resistant and -sus-

TABLE 2. Cox regression analysis of factors associated with all-cause 14-day mortality

Variable
Model 1 Model 2

HR (95% CI) P HR (95% CI) P

Age 1.03 (1.01–1.06) 0.021 1.03(1.00–1.05) 0.028
MIC of carbapenems �4 �g/ml 2.83 (1.08–7.41) 0.035 2.34 (0.83–6.55) 0.106
Polymicrobial bacteremia 1.45 (0.65–3.21) 0.360 1.52 (0.69–3.36) 0.300
Rapidly fatal underlying disease 2.84 (1.26–6.39) 0.012 2.9 (1.29–6.49) 0.010
Non-urinary source of bacteremia 3.33 (0.44–25.05) 0.242 3.46 (0.46–26.00) 0.23
Pitt bacteremia score �4 2.1 (0.91–4.81) 0.08 1.96 (0.85–4.52) 0.114
Inappropriate empiricala therapy 1.63 (0.68–3.86) 0.270

a Similar results were obtained when the variable “inappropriate definitive therapy” was included in model 2.

FIG. 1. Kaplan-Meier curves of survival probability of patients with
K. pneumoniae bloodstream infections according to susceptibility of
the infecting organism to carbapenems. Patients infected with a VIM-
positive organism for which the MICs of both imipenem and mero-
penem were �4 �g/ml were more likely to die than those infected with
a VIM-positive carbapenem-susceptible or VIM-negative organism
(log rank � 6.27, P � 0.044).
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ceptible organisms (24). Moreover, no particular clone was
associated with increased mortality.

The importance of carbapenem resistance on outcome of
patients with K. pneumoniae BSIs had also been indicated in a
retrospective study involving a limited number of patients (5).
Other investigators have also underscored the clinical impor-
tance of carbapenem resistance in infections caused by K.
pneumoniae producing KPC carbapenemases (27). Notably,
while antimicrobial resistance was mediated by different car-
bapenemases in the latter report, the case-fatality rate was
strikingly similar with that observed in our patients infected
with VIM-producing carbapenem-resistant organisms.

While VPKP become increasingly prevalent and cause seri-
ous infections resulting in high fatality rates, the optimal treat-
ment of the patients infected with such organisms is currently
unknown. In the present study, the lowest mortality (8.3%) was
observed in the group of patients who received combination
therapy with two active drugs, one of which was a carbapenem
and the other either colistin or an active aminoglycoside,
whereas therapy with one active drug (a carbapenem, colistin,
or an aminoglycoside) resulted in mortality rate similar to that
observed in patients who received inappropriate therapy (no
active drug). In a recent report, 12 of 17 patients infected with
VIM-producing organisms were treated successfully with colis-
tin, either alone or in combination with a carbapenem or an
active aminoglycoside (29). The data presented here do not
allow us to accurately state whether carbapenems can be used
against VPKP; the data do suggest, however, that carbapenems
in combination with another active agent (colistin or an ami-
noglycoside) may provide some therapeutic benefit against
VIM-positive carbapenem-susceptible organisms. In this re-
spect, the issue of either reporting such isolates as fully resis-
tant to carbapenems or to consider the respective MICs at face
value should remain open.

The present study has several limitations. First, it was an
observational study of consecutive patients with VPKP and
non-VPKP BSIs without matched controls. Thus, several vari-
ables with potential effect on mortality might have been
unequally distributed between the patients infected with VIM-
positive and with VIM-negative organisms. Although a multi-
variate analysis was performed to account for bias associated
with these variables, several confounding effects might not
have been completely controlled for in the statistical model.
Second, the patients infected with VPKP for which the MICs
of carbapenems were in the susceptible range and treated with
a carbapenem were arbitrarily assigned in the “appropriate
therapy” group. Although this classification might have influ-
enced the results, our decision was based on the lack of clinical
data and on the absence of any official guidelines about what
VIM production entails in terms of antimicrobial chemother-
apy in patients infected with such organisms. Finally, the study
may not have sufficient statistical power to detect an associa-
tion between VIM production and mortality.

In conclusion, in patients with K. pneumoniae BSIs, carbap-
enem resistance, advanced age, and severity of underlying dis-
ease were independent predictors of adverse outcome,
whereas VIM production had no impact on mortality. The
higher mortality observed in patients infected with VIM-posi-
tive carbapenem-resistant organisms was probably mediated by
the failure to provide effective antimicrobial therapy. As VPKP

emerges as a life-threatening pathogen, it is critical to develop
diagnostic and therapeutic strategies to ensure timely and ef-
fective treatment of infections caused by such organisms. More
importantly, it is an urgent need to implement enhanced in-
fection control measures to contain their dissemination.
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