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Abstract Changes of antimicrobial resistance and ex-
tended-spectrum �-lactamase (ESBL) production of Kleb-
siella spp. strains isolated at the Central Military Hospital,
Ružomberok, Slovakia, with a special focus on the Anesthe-
siology – Resuscitation and Intensive Medicine Department
during the years 1998–2002, were analyzed. Of 3920 gram-
negative strains isolated from clinical materials during this
period, Klebsiella spp. represented 8%. The incidence of
ESBL-producing Klebsiella spp. isolates increased from
29% in 1998 to 69% in 2002. Of 17 antibiotics tested,
meropenem was found to be the most effective drug
(100%). The overall efficacy of cefotaxime was 31%, that of
gentamicin 23%, and that of ciprofloxacin 54%. Analyzed
Klebsiella isolates were characterized also by a high degree
of multiresistance (53%). The high incidence of reduced
antibiotic susceptibility among Klebsiella spp. strains iso-
lated at the intensive-care department suggests that more
effective strategies are necessary to control the selection
and spread of resistant organisms in this hospital.

Key words Antimicrobial resistance · Klebsiella pneumo-
niae · ESBL

Introduction

The development of bacterial resistance to antibiotics is
caused by rapid evolution of the bacterial genome under
selective antibiotic pressure and other environmental
factors. Gram-negative bacteria with extended-spectrum �-
lactamases (ESBLs) are an increasing global problem.
ESBL production is one of the main mechanisms of resis-
tance to broad-spectrum �-lactam antibiotics among the
family Enterobacteriaceae. Most of these enzymes are TEM
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or SHV derivatives1 and are coded by easily spreading plas-
mids. ESBLs are capable to hydrolyze a wide range of �-
lactams, including most recently developed cephalosporins.
However, they are not active against cephamycins and
carbapenems.2 Approximately 50% of antibiotics consump-
tion is used to treat Enterobacteriaceae.3

In Enterobacteriaceae, ESBLs have been found mainly in
Klebsiella spp. and Escherichia coli but have also been re-
ported in other genera.4 ESBLs have spread worldwide,
with prevalence and enterobacterial species distribution
depending on the geographical situation.5,6

Infections caused by ESBL-positive organisms often
involve immunocompromised patients, making it difficult
to eradicate these organisms in high-risk wards, such as
intensive care units (ICU).7,8 Many clinical studies of antibi-
otic resistance have been performed in these specialized
areas.9–14 It was shown that excessive use of broad-spectrum
antibiotics is a risk factor for the development of resistance.
Previous reports indicated a correlation between the re-
stricted use of these antibiotics and a lower infection rate
with ESBL-producing strains of Klebsiella sp.5,15

Infections caused by ESBL-producing organisms, espe-
cially Klebsiella spp., became an increasing problem in our
hospital, particularly in ICU. This ominous development
created a unique situation in which cephalosporin deriva-
tives became ineffective against the majority of Klebsiella
isolates. The aim of this study was to analyze the develop-
ment of antimicrobial resistance in Klebsiella spp. strains
from the Anesthesiology – Resuscitation and Intensive
Medicine Department and to establish the prevalence of
ESBL (1998–2002). We also tried to link the results with
antibiotic use at the Central Military Hospital (CMH) in
Ružomberok, Slovakia.

Materials and methods

During the period from 1998 to 2002, altogether 55505
bacterial strains have been isolated from different clinical
departments of the CMH. Of these, 3920 gram-negative
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strains have been collected and further analyzed, with a
special concern to 595 Klebsiella spp. isolates.

The bacterial strains were identified to species (genus)
level using standard laboratory methods. Definitive routine
identification of isolates of family Enterobacteriaceae was
made using ENTERO test 16, 24 (Pliva; Lachema, Brno,
Czech Republic).

The quantitative susceptibility (minimum inhibitory con-
centration, MIC) of Enterobacteriaceae isolates was deter-
mined using the MIDITECH automated colorimetric test
for antimicrobial susceptibility testing (Bratislava, Slovak
Republic). This system is amodification of the standard
broth microdilution method that uses a 3-(4,5-
dimetylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) dye for bacterial viability detection.15

The program package MIDITECH ANALYSER/
MIDISTAT, version 01/03 (analysis of resistance pheno-
types), was used to determine resistance mechanisms in
tested bacteria. The same package was used for calcula-
tion of statistical parameters for particular antibiotics.
Isolates expressing simultaneous resistance to at least
three nonrelated antibiotic groups were identified as
“multi-resistant.”

Production of ESBL enzymes was independently con-
firmed by the double-disk synergy method.16 Ceftazidime
(30µg), cefepime (30µg), aztreonem (30µg), and
cefotaxime (30µg) disks (Oxoid) were placed 25mm (center
to center) from the amoxicillin/clavulanic acid (20/10µg)
disk on Mueller–Hinton agar plates inoculated with the test
organism. After overnight incubation, enhancement of the
inhibition zone around one of these disks toward the
clavulanate-containing disk indicated the presence of
ESBLs.

Results

In our study, we focused on Klebsiella spp., which became a
key problem gram-negative bacterial pathogen at the CMH.
During the period from 1998 to 2002, 3920 gram-negative
strains were isolated from clinical departments at the CMH.
The most common sites of isolation were urine (36%),
wounds (25%), and catheters and drains (6%). The most
frequent isolates causing bacterial infections in patients
were Pseudomonas spp., Enterobacter spp., E. coli, Proteus
spp., and Klebsiella spp. Within the study period, the total
number of these bacilli increased by 45%. The greatest
increase was observed in Klebsiella spp., Enterobacter spp.,
and E. coli. The increase in others was only moderate. With

594 isolates, the Klebsiella spp. was the fifth most common
gram-negative pathogen in our study.

The comparison of antibiotic resistance incidence in
Klebsiella spp. in years 1998 and 2002 is shown in Table 1.
The highest in vitro resistance in 2002 was to piperacillin
(36%) andcefuroxime (35%) and the lowest to meropenem
(0%), amikacin (1%), and piperacillin/tazobactam (5%).
The most pronounced resistance increase in tested strains
was documented for ciprofloxacin (13%–26%).

Cumulative resistance to cefotaxime as a representative
of the third generation of cephalosporins increased from
54% in 1998 to 69% in 2002 at the ICU department (Fig. 1).
Resistance of Klebsiella spp. to ciprofloxacin at the ICU
department in 2002 was as high as 46%, compared to 26%
within the whole hospital.

Acontinuous selective pressure of routinely used anti-
biotics is an important precondition for the increase in mul-
tiresistant strains incidence. Such bacteria simultaneously
express different resistance mechanisms. The Klebsiella
spp. strain from our material showed progressive increase
of multiresistance. Figure 2 shows a sharp increase of such
multiresistant isolates at the ICU department during past 3
years.

Table 1. Resistance of Klebsiella spp. isolates to selected antimicrobial agents at the Central Military Hospital (CMH) (in %)a

Microorganism A � IB PIP P � IB CXM CTX CAZ CPO MEM GEN AMI CIP COT

Klebsiella spp. 0/16 61/36 15/5 28/35 27/27 27/28 26/24 6/0 26/26 12/1 13/26 23/20
a Comparison between the years 1998 and 2002
A � IB, ampicillin � sulbactam; PIP, piperacillin; P � IB, piperacillin � sulbactam; CXM, cefuroxime; CTX, cefotaxime; CAZ, ceftazidime;
CPO, cefpirome; MEM, meropenem; GEN, gentamicin; AMI, amikacin; CIP, ciprofloxacin; COT, trimethoprim � sulfonamide

Fig. 1. Resistance of Klebsiella spp. to cefotaxime (CTX). CMH, Cen-
tral Military Hospital; ICU, intensive care unit

Fig. 2. Increase of multiresistant Klebsiella spp. at the ICU
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Changes in antibiotic susceptibility are caused by numer-
ous different resistance mechanisms. �-Lactamases are
the major mechanism of clinical resistance to �-lactams in
Klebsiella spp. Among all groups of �-lactamases, the most
important is represented by extended-spectrum �-
lactamases. During the followed period, the frequency of
ESBL-producing Klebsiella spp. isolates has increased in
the ICU from 29% in 1998 to 69% in 2002 (Table 2). The
main sources of these isolates (9) were urine (44%), respira-
tory tract (33%), and other (23%). The cumulative inci-
dence of ESBL-positive Klebsiella spp. strains during
individual years at CMH and ICU is given in Table 2.

The increasing incidence of hospital-acquired infections
caused by antibiotic-resistant pathogens is also one of the
factors causing an increase in health care expenditures.

Antibiotic consumption and its selective pressure is a
significant factor influencing resistance development. Con-
sumption of cephalosporins of the first, second, third, and
fourth generation at the CMH in Ružomberok during years
2000–2002 can be seen in Fig. 3.

During the followed period, the use of first- and second-
generation cephalosporins remained low despite relative
increase (the first generation by 96%, the second by
149%). The dominating third generation increased further,
by 54%. Even when absolutely low, consumption of fourth-
generation cephalosporins increased by 225%. The average
yearly consumption of the third-generation cephalosporins
(per patient) at the ICU department increased from 4.5g in
2000 to 7.6g in 2002.

Discussion

Infection complications are recognized as an important de-
terminant of outcome for patients requiring ICU admission.
This is especially true in the current era of increasing anti-
microbial resistance affecting many common bacterial

pathogens.17 Among opportunistic pathogens that fre-
quently cause infections in immunocompromised patients,
Klebsiella spp. play a significant role.18 The number of Kleb-
siella spp. isolated at the CMH has increased during the
followed period of 5 years by 45%, becoming the fifth most
frequent pathogen. Despite this, the number of these patho-
gens has still not reached the level of 20% reported for
European ICUs.9,19,20

Important information acquired from the MYSTIC
project (and partially from the SENTRY project) is that the
resistance of gram-negative bacteria has not changed basi-
cally in any of the ICU within the monitored period. In
contrast, some showed a decrease. The only exception was
the resistance of Klebsiella spp. strains to ceftazidime and
ciprofloxacin, which has increased slightly. Such trends
were observed also during our study in the CMH (see Table
2) as well as in the ICU department.

The typical characteristic of antimicrobial resistance is
that there are often great differences between regions, hos-
pitals, and even departments.21 This variation can be docu-
mented through stable values in resistance development.
Our study showed that figures obtained for the entire hospi-
tal are not the same as those for particular departments.
The differences can be seen with a common antibiotic used.
In our study the resistance of Klebsiella spp. to cefotaxime
was higher in the ICU compared to the CMH (by 50%–
100%) during the entire followed period (see Fig. 1).

ESBLs were first reported in Europe (1983) and then
shortly thereafter in the United States. During the 1990s,
this resistance mechanism has become a problem through-
out the world. Klebsiella have become the major hosts for
plasmids with extended-spectrum �-lactamases (ESBLs).

Over the past decade, several studies have assessed the
occurrence of ESBLs among Enterobacteriaceae recovered
from hospitalized patients.7,9,19 The highest percentage of
ESBL phenotype was detected among Klebsiella strains
from Latin America (45%), followed by those from the
Western Pacific region (25%), Europe (23%), the United
States (8%), and Canada (5%). Based on results of the
present study, which found that 69% of isolates from CMH
ICU in 2002 were evaluated as ESBL-producing strains, it
can be inferred that ESBL-producing Klebsiella spp. strains
represent an increasing problem at this department.
According to our data, the frequency of ESBL-producing
isolates from the CMH ICU was substantially higher in
comparison to other studies and was triple the European
average.

The clinical relevance of ESBLs has been well docu-
mented by numerous published case reports describing
clinical failures with the use of third-generation cepha-
losporins.22 Thus, the problem of ESBLs is clinically impor-
tant, yet remains relatively unappreciated by most
clinicians.23 The selective pressure created by the use of
third-generation cephalosporins has been described as one
of the most important factors in the appearance of these
strains.24,25

The present study also demonstrates an association be-
tween cephalosporin usage and the occurrence of ESBL-
producing strains in the CMH. We believe that antibiotic

Table 2. Number of extended-spectrum �-lactamase (ESBL)-
producing Klebsiella spp. (in %) at CMH and the intensive care unit
(ICU)

1998 1999 2000 2001 2002

Klebsiella spp. (CMH) 14 14 16 21 20
Klebsiella spp. (ICU) 29 17 45 46 69

Fig. 3. Consumption of cephalosporins at the Central Military
Hospital (CMH) Rožomberok, 2000–2002
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restriction and better infection control could play comple-
mentary roles in preventing both the selection and spread of
resistant bacterial pathogens, as already documented by
Gruson and colleagues.26 Introduction of several preventive
strategies is necessary to achieve superior patient outcomes
in CMH. Among these, the use of rapid laboratory detec-
tion systems, higher infection control policies and measures,
formulary changes to reduce resistance-selecting agents,
and optimization of antimicrobial dosing by applying phar-
macodynamic principles are the most important.

Conclusions

The present study was designed to determine the antimicro-
bial resistance and extended-spectrum �-lactamase (ESBL)
activities of Klebsiella spp. strains isolated from the
Anaesthesiology – Resuscitation and Intensive Medicine
Department (ICU). Cumulative resistance to cefotaxime
increased from 54% in 1998 to 69% in 2002. Klebsiella
organisms showed ahigh degree of multiresistance (53%).
The incidence of ESBL-producing Klebsiella spp. rose from
29% in 1998 to 69% in 2002. According to our data, the
frequency of ESBL-producing isolates from ICU seems
substantially higher in comparison to other studies and was
triple the European average. The high incidence of reduced
antibiotic susceptibility and the high frequency of ESBL-
producing isolates among Klebsiella spp. strains in this de-
partment suggest that more effective strategies (systematic
resistance monitoring, barrier contact measures, restriction
of cephalosporins, antibiotic cycling in ICUs) are necessary
to control the selection and spread of resistant organisms.
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