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Clinical outcome and risk factors related to extended-spectrum
beta-lactamase-producing Klebsiella spp. infection among
hospitalized patients
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Over the past two decades, nosocomial infections caused by extended-spectrum beta-lactamase (ESBL)-produc-
ing Klebsiellaspp. have become a major problemall around the world. Thissituation is of concern becausethereare
limited antimicrobial options to treat patients infected with these pathogens, and also because this kind of resis-
tance can spread to a wide variety of Gram-negative bacilli. Our objectives were to evaluate among in-patients at a
public university tertiary-care hospital with documented infection due to Klebsiella spp., which weretherisk factors
(cross-sectional analysis) and the clinical impact (prospective cohort) associated with an ESBL-producing strain.
Study subjects were all patients admitted at the study hospital between April 2002 and October 2003, with a
clinically and microbiologically confirmed infection caused by Klebsiella spp. at any body site, except infections
restricted to the urinary tract. Of the 104 patients studied, 47 were infected with an ESBL-producing strain and 57
with a non-ESBL-producing strain. Independent risk factors associated with infection with an ESBL-producing
strain were young age, exposure to mechanical ventilation, central venous catheter, use of any antimicrobial agent,
and particularly use of a 4th generation cephalosporin or a quinolone. Length of stay was significant longer for
patients infected with ESBL-producing strains than for those infected with non-ESBL-producing strains, although
fatality rate was not significantly affected by ESBL-production in this cohort. In fact, mechanical ventilation and
bacteremia were the only variables with independent association with death detected in this investigation.
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Over the past two decades, nosocomial infections
caused by extended-spectrum beta-lactamase (ESBL)-pro-
ducing Klebsiella spp. have become a major problem all
around theworld (CDC 1998, Archibald 2004, Martins et
a. 2005). This situation is of concern because there are
limited antimicrobial optionsto treat patientsinfected with
these pathogens (Bratu et al. 2005), and al so because this
kind of resistance can spread to awide variety of Gram-
negative bacilli, either Enterobacteriaceae (Knothe et al.
1983, Chanawong et al. 2001, Petroni et al. 2002, Caatayud
2005) or non-fermentative microorganisms (Poirel et al.
2003, Quinteroset al. 2003).

Several risk factorsfor ESBL -producing Klebsiella spp.
infections have been described, the most frequent being
antimicrobial exposure, especially to third-generation
cephal osporins (Naumovski et al. 1992, Lautenbach et al.
2001, Bermejoet a. 2003, Leeet a. 2004), and exposureto
invasive procedures such as central venous catheters,
mechanical ventilation, urinary catheterization and intra-
abdominal surgery (Piroth et al. 1998, Lautenbach et al.
2001, Menasheet al. 2001).
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It has also been demonstrated that this kind of infec-
tion increases length of stay among hospitalized patients
(Cofsky et al. 2002, Stoneet a. 2003), producing asignifi-
cant economicimpact (Stoneet al. 2003).

Theliteratureisconflictive about the effect on mortal-
ity caused by ESBL -producing Klebsiella spp. compared
to non-ESBL -producing Klebsiella spp., with some stud-
iesreporting anegativeimpact (Paterson et al. 1997, Kim
etal. 2002, Bermejo et al. 2003, Martinez et al. 2005) and
othersfinding noimpact (Menasheet al. 2001, Kang et al.
2004).

The purpose of the present study was to assess the
risk factorsand clinical impact associated with ESBL-pro-
ducing strains, compared to non-ESBL -producing strains
among in-patients at a university hospital with docu-
mented infection caused by Klebsiella spp.

MATERIALS AND METHODS

The University Hospital of the Faculty of Medicine of
Ribeir&o Preto (HC-FMRP) isageneral hospital located in
Ribeirdo Preto city, at the state of S&o Paulo. It has 847-
bes, distributed in 29 wardswith several clinical and sur-
gical specidties. It hassix intensive-care units, being their
areas of activities: neonatology, pediatry, general care of
adults, cardiology, thoracic surgery, and neurosurgery.

Theresearch project was submitted to thelocal Ethics
Committee and was approved. Between April 2002 and
October 2003, we investigated every strain of Klebsiella
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spp. isolated on the microbiology laboratory of the study
hospital in order to identify potential eligible patients.
Study population consisted of all patients admitted, with
a clinically and microbiologically confirmed infection
caused by Klebsiella spp. at any body site, except infec-
tions restricted to the urinary tract. Some patients who
had bacteremia and urinary tract infection caused by the
same agent were included.

The bacterial strains were identified using the
MicroScan™ 2 NC30 panel (Dade, West Sacramento, Cali-
fornia, US). Susceptibility to antimicrobial agents was
determined using a semiautomated system (MicroScan®
2, NC30 panel) or disk-diffusion susceptibility testing,
according to the criteria of the Clinical Laboratory Stan-
dards|Institute (formerly National Committeefor Clinical
Laboratory Standards- NCCL S2000). All isolates of Kleb-
siella spp. were submitted to ESBL detection tests by by
the E-test”, with ceftazidime and cefotaxime, each alone
or combined with clavulanic acid, in order to obtainamore
sensitive detection (M’ zali et al. 2000, Quinteros et al.
2003). We considered the E-test™ to be positive when it
showed at |east a4-fold decreasein the MIC for the com-
bination side, compared to the cephalosporin alone side
(NCCLS2000). Strainswere considered to be ESBL -pro-
ducers when they tested positivein at |east one detection
test. K. pneumoniae ATCC 700603 was used asapositive
control and E. coli ATCC 25922 as a negative control for
the ESBL detection tests.

Clinical datawere collected from the medical records
and also from physical examination of the patients, al-
ways by the same researcher. To establish a diagnosis of
infection we used CDC definitions for nosocomial infec-
tions (Garner et al. 1988). We excluded patients whose
bacterialost viahility, leading to unavailable testsfor ESBL
detection. We collected demographic and clinical datalike
sex, age, date of admission, date of infection diagnosis
and date of discharge. We also looked for underlying dis-
eases, exposure to invasive procedures, corticosteroids
and other immunosuppressi ve therapies within two weeks
before the diagnosis of infection. Corticosteroid use was
defined as the use of at least 20 mg of prednisone (or
equivalent) daily for at least two weeks, or 30 mg daily for
at least oneweek. Previousantimicrobial exposurewithin
one month from the date of infection diagnosis was a so
examined.

Empirical antimicrobial therapy wasevaluated and clas-
sified as adequate when full in vitro susceptibility was
documented for at |east one antimicrobial drug prescribed
to the patient within 48 h after the culture was collected,
except when false susceptibility to cephalosporins or
aztreonam was observed among ESBL -producing isol ates.
When inadequate antimicrobial therapy was identified,
the staff in charge of infection control in the facility was
notified in order to permit the introduction of effective
antimicrobial therapy.

Clinical outcomes evaluated were length of stay after
the diagnosis of infection, crude mortality and mortality
attributable to infection. Death was considered attribut-
abletoinfection when it occurred within two weeksfrom
the diagnosis of infection, in the presence of clinical and
laboratory evidence of activeinfection, and could not be
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strictly related to other fatal conditions. Death was con-
sidered to be unrelated to infection when it occurred more
than two weeks after the diagnosis of infection or was
strictly related to other fatal conditions. Patientswerefol-
lowed until hospital discharge.

Our methodology was cross-sectional studying risk
factorsfor infection and prospective cohort while evalu-
ating clinical impact. All information was tabulated in a
data base using the EPI-INFO (CDC, version 6.0) soft-
ware. Datawere analyzed statistically using the STATAU
(version 6.0) and MINITAB" (version 14) software. Bi-
variate analysis was performed using the nonparametric
chi-sgquaretest with Yates correction, the two-tailed Fisher
exact test or the Mann-Whitney test.

Possible risk factors for ESBL-producing Klebsiella
spp. infection were analyzed by amultiplelogistic regres-
sion model using classical and Bayesian approaches
(Fredman 1996, Bland & Altman 1998), considering the
last onethe gold standard. Variablesinitially selected for
this analysis were those which had a “p” value less or
equal 0,150, under the bivariate analysis.

Possible variables associated with death were ana-
lyzed by amultiplelogistic regression model using classi-
cal and Bayesian approaches, considering the last one
thegold standard. Variablesincluded inthisanalysiswere
demographic data, most frequent underlying diseases,
exposure to invasive procedures or immunosuppressive
therapies, presence of bacteremia, inadequate empirical
antimicrobial therapy and infection dueto an ESBL-strain.

We concluded that the differences were statistically
significant after bivariate analysisand the multiplelogis-
tic regression model using the classical approach when p
<5.0% (a = 0.05). Using the Bayesian approach, differ-
enceswere considered to be statistically significant when
the 95% credibleintervalsdid not include the number zero
(Fredman 1996).

RESULTS

Microbiologic data - Of all Klebsiella spp. strains
identified by the microbiology laboratory during the study
period, 104 wereisolated from patientswho met all inclu-
sion criteria, and ESBL production was confirmed in 45.2%
(47/104) of them. Among ESBL -producers, 95.7% (45/47)
were classified as K. pneumoniae, versus 87.7% (50/57)
among non-ESBL -producers (p = 0.179). The remaining
isolates of both groups (9/104) were classified as K.
oxytoca.

Demographic data and risk factorsanalysis- Gender
distribution wassimilar among patientsinfected with ESBL
and non-ESBL strains (61.7% versus 59.6% of males, re-
spectively, p=0.831). Median agewas 33.4 yearsfor pa-
tientsinthe ESBL group and 42.6 yearsfor the non-ESBL
group (p =0.087).

Duration of hospitalization prior to the infection was
significantly longer for the ESBL group when compared
tothenon-ESBL group (32.5 versus12.7 days, p < 0.001).

Theproportion of ESBL/non-ESBL strainsisolated was
37.5% (9/24) among surgical patients, 41.4% (24/58) among
clinical patients, and 63.6% (14/22) among pediatric pa-
tients. The higher proportion identified in the pediatric
setting showed a borderline statistical significance (p =
0.086).
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Table | shows the frequency of selected underlying
diseases among the patients studied, and shows no dif-
ferences statistically significant between patientsinfected
with ESBL and non-ESBL strains. Table Il showsthedis-
tribution of the primary site of infection among patients
studied and also no differences statistically significant
between the two groups were found.

Bivariate analysis of previous exposure to invasive
procedures or immunosuppressive therapies as possible
risk factorsfor ESBL -producing Klebsiella spp. infection
demonstrated a statistically significant association with
surgery (p = 0.040), mechanical ventilation (p < 0.001),
central venous catheter (p < 0.001) and total parenteral
nutrition (p =0.004), asshownon Tablelll. Bivariate analy-
sis of previous exposure to antimicrobial drugs as pos-
siblerisk factorsfor ESBL-producing Klebsiella spp. in-
fection demonstrated a statistically significant associa-
tion with exposure to any antimicrobial drug (p = 0.003),
to cefepime (p = 0.013), quinolones (p = 0.005), amino-
glycosides(p <0.001), and vancomycin (p = 0.047). Expo-
sureto third generation cephal osporins showed a border-
linestatistical significance (p = 0.056). Exposureto beta-
lactamase inhibitor combinations had no protective effect
(p=0.728).

TABLE |

Frequency of selected underlying diseases among hospitalized
patients with infection due to extended-spectrum beta-
lactamase (ESBL )-producing or non-ESBL -producing

Klebsiella spp.
Number and (%) of patients

Disease ESBL Non-ESBL pa

Diabetes mellitus 7(14.9) 8(14.0) 1.000
AIDS 2(4.3) 5(8.8) 0.453
Malignancy 19 (40.4) 20(35.1) 0.685
Collagen diseases 1(2.1) 5(8.8) 0.218
COPD 5(10.6) 5(8.8) 0.752
Chronic heart failure 8(17.0) 9(15.8) 1.000
Renal insufficiency 14 (29.8) 15 (26.3) 0.827
Trauma 5(10.6) 3(5.3) 0.463

a: two-tailed Fisher’s exact test; COPD: chronic obstructive
pulmonary disease
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TABLE I

Distribution of primary site of infection among hospitalized
patients with infection due to extended-spectrum beta-
lactamase (ESBL )-producing or non-ESBL -producing

Klebsiella spp.
Number and (%)
of patients

Primary site of infection ESBL Non-ESBL p?
Pneumonia 16 (34.0) 15(26.3) 0.520
Primary blood streaminfection 17 (36.2) 16(28.1) 0.501
Skin/soft tissues infection 9(19.2) 14(246) 0.671
Urinary tract infection 3(6.4) 2(35) 0.656
Intra-abdominal infection 1(2.1) 6(105 0.125
Osteomyelitis 0(0.0) 4(70) 0124
Endocarditis 1(2.1) 0(0.0) 0452
Tota 47 57 -

a: two-tailed Fisher’s exact test

Multiplelogistic regression under classical and Baye-
sian approaches to possible risk factors for ESBL-pro-
ducing Klebsiella spp infection are shown in Table IV,
where it is pointed out that only mechanical ventilation,
central venous catheter, exposure to any antimicrobial
drug, cefepime or a quinolone remained as independent
risk factors. Age progression was inversely associated
with ESBL-producing Klebsiella spp. infection.

Bivariate analysis of length of stay after diagnosis of
infection and mortality ratesversus ESBL -production may
be seen in Table V. Length of stay was significant longer
for patientsinfected with ESBL -producers (p = 0.049) and
remained longer when deathswere excluded from the analy-
sis(p=0.020). Crude and attributableto infection fatality
rates were greater for patients infected with ESBL-pro-
ducers, but those differences were not statistically sig-
nificant (p=0.091 and 0.125, respectively).

Multiplelogistic regression under classical and Baye-
sian approaches to possible risk factors for death among
the patients studied are shown in Table VI. Mechanical
ventilation and bacteremiawere the only independent risk
factors founded in that analysis.

TABLE I

Bivariate analysis of previous exposure to invasive procedures or immunosuppressive therapies as possible risk factors for
extended-spectrum beta-lactamase (ESBL )-producing Klebsiella spp. infection

Number and (%) of patients

Variable ESBL Non-ESBL Oddsratio (95% CI) p2
Surgery 31 (66.0) 25 (44.0) 25(1.0-6.0) 0.040
Foley catheter 25(53.2) 21(36.8) 1.9 (0.8-4.6) 0.140
Mechanical ventilation 24 (51.1) 8(14.0) 6.4 (2.3-18.4) < 0,001
Central venous catheter 38(80.9) 21 (36.8) 7.2(2.7-19.9) < 0,001
Hemodiaysis 11 (23.4) 8(14.0) 1.9 (0.6-5.8) 0.329
Total parenteral nutrition 18(38.3) 7(12.3) 4.4 (1.5-13.4) 0.004
Use of corticosteroids 18 (38.3) 16 (28.1) 1.6 (0.6-3.9) 0.369
Immunosuppressive therapies 12 (25.5) 15 (26.3) 1.0(0.4-2.5) 0.893

a: Qui-square test with Yates correction
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TABLE IV

Multiplelogistic regression using classical and Bayesian approaches of possible variables associated with death among patients
with Klebsiella spp. infection

Multiple Bayesian analysis

logisticregression p 95% credibleinterval for the
Risk factor Odds ratio (Cl 95%) logistic regression coefficients
Age 0.95 (0.93-0.98) 0.001 -0.083 —0.025
Mechanical ventilation 4.70 (0.95-23.20) 0.058 0.125 3514
Central venous catheter 4.78 (1.14-20.01) 0.033 0.297 3.356
Immunosuppressive therapies 0.49 (0.12-1.98) 0.319 —2.355 0.571
Use of any antimicrobial drug 6.01 (1.03-35.06) 0.046 0.261 4.251
Use of cefepime 451 (1.12-18.21) 0.034 0.274 3.273
Use of acarbapenem 0.32(0.04-2.74) 0.296 -3.794 0.857
Use of aquinolone 25.37 (1.61-398.50) 0.021 1.151 7.403

TABLEV

Length of stay after the diagnosis of infection, crude mortality rate, and rate attributable to infection among hospitalized patients
infected with extended-spectrum beta-lactamase (ESBL )-producing or non-ESBL -producing Klebsiella spp.

Mean length of stay (days)

Mortality rate

Attributable to

All patients Survivors Crude no. (%) infection no. (%)
ESBL group 251 36.0 26/47 (55.3) 16/47 (34.0)
Non-ESBL group 237 21.7 21/57 (36.8) 11/57 (19.3)
p 0.0492 0.0202 0.091° 0.125P
a: Mann-Whitney; b: chi-square Yates corrected test
TABLEVI

Multiple logistic regression using classical and Bayesian approaches of possible risk factors for death among patients with
Klebsiella spp. infection

Multiple Bayesian analysis

logistic regression p 95% credibleinterval for the
Risk factor Odds ratio (Cl 95%) logistic regression coefficients
Age 1.0(0.9-1.0) 0.981 -0.026 0.025
Male gender 1.9(0.6-5.8) 0.235 —0.406 2.019
Chronic heart failure 2.7(0.5-14.3) 0.249 -0.614 3.044
Renal insufficiency 2.7(0.7-11.0) 0.157 -0.274 2.760
COPD 2.7 (0.3-23.7) 0.372 -1.074 3.635
Malignancy 0.7 (0.2-2.2) 0.563 -1.693 0.902
AIDS 35(0.5-26.5) 0.221 -0.677 4,011
Foley catheter 1.8(0.5-7.0) 0.398 —-0.809 2.282
Mechanical ventilation 3.6 (0.9-14.6) 0.070 0.056 3.264
Central venous catheter 0.4 (1.0-1.7) 0.215 —2.646 0.473
Hemodialysis 1.9 (0.4-10.0) 0.427 -0.924 2.735
Surgery 0.4 (0.1-1.3) 0.132 —2.580 0.143
Use of corticosteroids 1.2 (0.4-3.4) 0.747 -0.914 1.377
Bacteremia 4.5(1.2-17.5) 0.028 0.436 3.459
ESBL-producing strain 2.3(0.7-7.5) 0.249 -0.543 2.521
Inadequate empirical therapy 1.0(0.2-34) 0.970 -1.358 1.276

COPD: chronic obstructive pulmonary disease

DISCUSSION

In the current study, 45.2% of Klebsiella spp. infec-
tions were caused by an ESBL-producing strain, a rate
that can be considered high compared to some North-
American or European studies, whereit has been demon-
strated rates below 25% (Itokazu et al. 1996, CDC 1998,
Calatayud et al. 2005), but is very similar to those de-

scribed for Latin America (Sader et a. 1999, Saka et al.
2003, Lupi et al. 2004).

The frequency of selected underlying diseases and
primary site of infection were closely similar for patients
infected with an ESBL or anon-ESBL strain, afact that
permitted usto analysetherisk factorsand clinical impact
associated with ESBL production.

Young age was identified as arisk factor for ESBL-
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producing infection. Knowing that a higher ESBL/non-
ESBL infection proportion was detected among pediatric
patients, we speculate if this could be related to a high
rate of cross-transmission in the pediatric setting, although
othershave reported asimilar finding (Rebuck et al. 2000).

Among invasive procedures, mechanical ventilation
and central venous catheter were both associated with an
ESBL-producing infection, which is in agreement with
other studies (Piroth et al. 1998, Rebuck et al. 2000,
Lautenbach et al. 2001, Menashe et al. 2001). How inva-
sive procedures lead to this risk is still not completely
elucidated, but it is notorious that patients submitted to
them are at a greater risk for infectious complications of
any etiology (Martone 1991). Thisleadsto antimicrobial
prescription, which in turn may select ESBL -producing
strains. Also, these procedures demand more intensive
care from health-care professionals, creating opportuni-
tiesfor cross-transmission of resistant bacteria (Weinstein
1991).

Antimicrobial exposure, as described by many others
(Kimetal. 2002, Leeet al. 2004, Schwaber et a. 2004), was
implicated asanimportant risk factor for ESBL-producing
infection. It isinteresting to note that exposure to third-
generation cephalosporins was not implicated as a risk
factor in the logistic regression model, aresult that may
be explained by thefact that, recently, cefepime has been
frequently used at the study hospital in opportunities
whereformerly ceftriaxoneor ceftazidimewere used. Thus,
itispossiblethat low exposureto thelatter drugs masked
their risk effect, extensively demonstrated in the literature
(Lautenbach et a. 2001, Kimet a. 2002, Leeet a. 2004).
Unfortunately, the use of cefepime wasalso incriminated
as arisk factor in the present series, a fact that, to our
knowledge, had not been described before. Exposure to
aminoglycosides or vancomycin was also implicated asa
risk factor in the bivariate analysis but not in the logistic
regression model. In thefirst case, apossible explanation
isthat it isusual at the study facility to prescribe amino-
glycosides along with cephal osporinsin order to achieve
a synergic antimicrobial effect. The use of vancomycin
may be a confounder linked to the fact that ESBL infec-
tionsfregquently are of nosocomial origin, afact that leads
to the empirical prescription of vancomycin before etio-
logicidentification (Paterson 2002).

Length of stay was significantly superior among pa-
tients in the ESBL group (Stone et al. 2003, Lupi et al.
2004), an event possibly related to the fact that, at the
time when the microbiologic results become available,
patients infected with non-ESBL strains frequently have
had two or three days of effective empirical therapy. This
isnot alwaysthe case for patients with an ESBL -produc-
ing strain since these strains are mostly resistant to vari-
ousantimicrobial drugs (Lautenbach et a. 2001). In addi-
tion, non-ESBL strainsare morelikely to be susceptibleto
available oral drugs, favoring early patient discharge.

ESBL production was not associated with a higher
risk of death in the present study. Theliteratureisconflic-
tiveabout thiseffect. Kimet d. (2002), Bermgo et al. (2003),
and Lupi et a. (2004) reported ahigher mortality rateamong
patientsinfected with an ESBL -producing K. pneumoniae,
compared to those infected by non-ESBL-producing
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strains, but they did not use multivariate analysis. In con-
trast, Menasheet al. (2001) and Kang et a. (2004), analyz-
ing bloodstream infections caused by ESBL-producing
and non-ESBL -producing Enterobacteriaceae, found a
similar mortality ratefor thetwo groups. It is noteworthy
that adequate empirical therapy was not associated with
areduced risk of death in the present study, just asfound
by Martinez et al. (2005).

In fact, bacteremia and mechanical ventilation were
the only variables independently associated with fatal
outcome. They are both related to the severity of illness,
which appearsto befar morerelevant than ESBL produc-
tion as a predictor of death among hospitalized patients
with Klebsiella spp. infection.

The present study has at |least three limitations. First,
cross-sectional analysis of risk factorsfor infection caused
by antibiotic-resistant microorganisms may overestimate
the role of antimicrobial exposure, as demonstrated by
Paterson (2002) and Harriset al. (2002). Second, risk fac-
tors for colonization, such as inadequate infection con-
trol practices, may also pose a risk for infection due to
ESBL-producing strains, and were not assessed in our
study. And third, adjuvant treatments, such as central
venous catheter removal or abscess drainage, may influ-
ence outcomes, but were not included in the present analy-
Sis.

Finally, it should be pointed out that differences in
terms of bacterial species involved, kind of ESBL pro-
duced, site of infection, and methodology do not permit a
full comparison of the present investigation with the re-
ferred studies.
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