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meropenem and fluoroquinolones. The
prevailing number of isolates produced
2 to 4 aminoglycoside-modifying
enzymes. All isolates produced beta-lac-
tamases and 80% produced extended-
spectrum beta-lactamases (ESBL).
Plasmid analysis revealed in the majori-
ty of isolates, originating from all 3
wards, a 116 kb plasmid throughout the
entire period of study. Restriction
analysis suggested a dissemination and
persistence of a single nosocomial plas-
mid at all 3 units of the large pediatric
hospital in Bratislava.

INTRODUCTION
Children’s hospitals serve unique
patient populations with many patients
having special needs. Nosocomial infec-
tions are important adverse events that
complicate the hospitalization of
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ABSTRACT
Susceptibility of 75 clinical isolates of
Enterobacteriaceae to 15 aminoglyco-
sides, beta-lactams and fluoroquinolones
was studied. The isolates originated from
3 wards (Pathological neonates, Surgical
ICU, and Pediatric cardiology) of the
Children’s University Hospital in
Bratislava, Slovakia. The isolates were
collected from patients in April and
November 1999 and June 2001. All iso-
lates were resistant to gentamicin,
tobramycin, and ampicillin. The majority
of isolates were resistant to netilmicin,
amikacin, cephalosporins, and azthreon-
am, but they were susceptible to
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patients and result in considerable mor-
bidity, mortality, and increased length of
hospital stay.1-3 Over the past several
decades, the frequency of antimicrobial
resistance and its association with seri-
ous diseases have increased at alarming
rates. Antimicrobial resistance among
gram-negative isolates is also a concern.
The most important gram-negative
resistance problems that impact on
nosocomial infections are extended-
spectrum beta-lactamases (ESBL).4

Cross-resistance may limit the value of
aminoglycosides in these types of infec-
tions. Fluoroquinolone resistance is also
increasing among these ESBL strains.5

The above mentioned enzymes are
encoded by plasmids and are transfer-
able among bacteria by means of recom-
bination processes, particularly
conjugation.

In our previous study, we observed
persistence and dissemination of a

unique nosocomial plasmid at several
wards of the Pediatric University
Hospital in Munich, Germany, during a
longer time period. With a similar aim
we followed, during the years 1999 to
2001, the incidence of transferable resist-
ance of Enterobacteriaceae isolates at 3
different wards of the Children’s
University Hospital in Bratislava,
Slovakia, to 8 beta-lactams, 5 aminogly-
cosides, and 2 fluoroquinolones. The
wards included in this study were repre-
sented by Pathological neonates,
Surgical ICU, and Pediatric cardiology.
Impaired host defenses, invasive moni-
toring, exposure to multiple antibiotics,
and colonization with resistant microor-
ganisms render neonates and infants
highly susceptible to nosocomial blood-
stream, wound, respiratory, and urinary
tract infections. We wanted therefore to
study the eventual occurrence of noso-
comial plasmids at another large pedi-

Table 1. Clinical Isolates of Multiresistant Enterobacteriaceae, Collected at 3 wards of the
Children´s University Hospital, Bratislava, in April 1999 (A), in November 1999 (N), and in June
2001 (J)

No. Microorganism Origin Biological material

1. Citrobacter freundii 7A Pathological neonates - PATNEO urine

2. Klebsiella pneumoniae 1A PATNEO urine

3. Klebsiella pneumoniae 2A PATNEO tonsillar tampon

4. Klebsiella pneumoniae 3A PATNEO urine

5. Klebsiella pneumoniae 4A PATNEO urine

6. Klebsiella pneumoniae 5A PATNEO sputum

7. Klebsiella pneumoniae 14A PATNEO urine

8. Klebsiella pneumoniae 15A PATNEO urine

9. Klebsiella pneumoniae 16A PATNEO urine

10. Klebsiella pneumoniae 17A PATNEO catheter

11. Klebsiella pneumoniae 18A PATNEO urine

12. Klebsiella pneumoniae 19A PATNEO pus

13. Klebsiella pneumoniae 20A PATNEO urine

14. Klebsiella pneumoniae 24A PATNEO tonsillar tampon

15. Klebsiella pneumoniae 25A PATNEO pus

16. Citrobacter freundii 22A Surgical ICU - SICU tonsillar tampon

17. Escherichia coli 6A SICU wound

18. Klebsiella pneumoniae 11A SICU pus

19. Klebsiella pneumoniae 12A Pediatric cardiology - CARDIO wound

20. Klebsiella pneumoniae 13A CARDIO wound

21. Klebsiella pneumoniae 21A CARDIO tonsillar tampon
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atric hospital.

MATERIALS AND METHODS
Bacterial Strains and Susceptibility
Testing
Seventy-five clinical isolates of
Enterobacteriaceae (37 isolates collected
in April 1999, 20 isolates collected in
November 1999, and 18 isolates from

June 2001) originating from 3 wards of
the Children’s University Hospital in
Bratislava (Pathological neonates –
PATNEO, Surgical ICU – SICU and
Pediatric cardiology – CARDIO) were
studied. The majority of them were iso-
lated from urine and tonsillar tampon
and the isolates were chosen on the
basis of the aminoglycoside resistance.

Table 1. Clinical Isolates of Multiresistant Enterobacteriaceae. (Continued)

No. Microorganism Origin Biological material

1. Enterobacter cloacae 55N PATNEO urine

2. Enterobacter cloacae 61N PATNEO urine

3. Escherichia coli 41N PATNEO urine

4. Escherichia coli 46N PATNEO urine

5. Escherichia coli 51N PATNEO catheter

6. Escherichia coli 52N PATNEO cerebrospinal liquor

7. Escherichia coli 54N PATNEO urine

8. Escherichia coli 58N PATNEO urine

9. Escherichia coli 59N PATNEO urine

10. Escherichia coli 62N PATNEO urine

11. Klebsiella pneumoniae 30N PATNEO tonsillar tampon

12. Klebsiella pneumoniae 32N PATNEO blood

13. Klebsiella pneumoniae 37N PATNEO blood

14. Klebsiella pneumoniae 38N PATNEO tonsillar tampon

15. Klebsiella pneumoniae 40N PATNEO urine

16. Klebsiella pneumoniae 44N PATNEO urine

17. Klebsiella pneumoniae 45N PATNEO urine

18. Citrobacter freundii 33N SICU urine

19. Escherichia coli 35N SICU nasal tampon

20. Escherichia coli 48N SICU pus

21. Escherichia coli 53N SICU other

22. Escherichia coli 63N SICU urine

23. Klebsiella pneumoniae 34N SICU nasal tampon

24. Klebsiella pneumoniae 36N SICU tonsillar tampon

25. Klebsiella pneumoniae 39N SICU tonsillar tampon

26. Klebsiella pneumoniae 42N SICU tonsillar tampon

27. Klebsiella pneumoniae 50N SICU cerebrospinal liquor

28. Salmonella enteritidis 43N SICU tonsillar tampon

29. Escherichia coli 31N CARDIO urine

30. Escherichia coli 47N CARDIO urine

31. Escherichia coli 65N CARDIO tonsillar tampon

32. Klebsiella pneumoniae 49N CARDIO urine

33. Klebsiella pneumoniae 56N CARDIO tonsillar tampon

34. Klebsiella pneumoniae 57N CARDIO urine

35. Klebsiella pneumoniae 60N CARDIO tonsillar tampon

36. Klebsiella pneumoniae 64N CARDIO tonsillar tampon

37. Klebsiella pneumoniae 66N CARDIO tonsillar tampon



Susceptibility testing to following antibi-
otics: ampicillin (AMPI), cefoxitin
(CFOX), ceftriaxone (CIAX), cefo-
taxime (CTAX), ceftazidime (CTAZ),
cefepime (CFEP), azthreonam (AZTR),
meropenem (MERO), gentamicin
(GEN), tobramycin (TOB), netilmicin
(NET), amikacin (AMI), isepamicin
(ISE), ciprofloxacin (CIP), and ofloxacin
(OFL), was performed using the agar
dilution method according to NCCLS on
Mueller-Hinton agar containing two-fold
dilutions of antibiotic solutions ranging
in concentration from 128 to 0.5 mg/L.6

Aminoglycoside Resistance Mechanisms
The presence of aminoglycoside-modify-
ing enzymes (AGME) was assayed in
cell-free preparations of isolates
obtained by ultrasonic disruption.
Enzymatic activities were measured as
described previously.7 Classification of
enzymes was carried out according to
the scheme by Shaw et al.8

Detection of Beta-Lactamases
For detection of beta-lactamase activity,
the nitrocefin method was used.9 An
orange-red coloration after 30 minutes

incubation was considered a positive
reaction. For production of ESBL, the
isolates were screened by double-disk
diffusion test.10 The enlargement of the
inhibition zone between the disk con-
taining clavulanate and that containing
CTAX or CTAZ respectively, suggested
the presence of ESBL.

The presence of the blaTEM gene
coding for TEM-type beta-lactamases
was determined by a PCR method.11

Reaction mixture for PCR was prepared
as described previously.12

Transferability of Resistance and
Plasmid DNA Study
Transferability of resistance was detect-
ed by bacterial conjugation and con-
firmed by isolation of plasmid DNA.
Conjugation was performed with E. coli
K12 3110 rif r (obtained from M. H.
Richmond, UK) as described
previously.13 Plasmid DNA from donors
and E. coli transconjugants was pre-
pared according to this method.14

Plasmid DNA was studied by agarose
gel electrophoresis with plasmid DNA
standards. For digestion of plasmid
DNA by restriction endonuclease the
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Table 1. Clinical Isolates of Multiresistant Enterobacteriaceae. (Continued)

No. Microorganism Origin Biological material

1. Enterobacter cloacae 12J PATNEO tonsillar tampon

2. Enterobacter intermedium 15J PATNEO catheter

3. Klebsiella pneumoniae 20J PATNEO sputum

4. Klebsiella pneumoniae 7J PATNEO urine

5. Klebsiella pneumoniae 14J PATNEO tonsillar tampon

6. Enterobacter cloacae 18J SICU wound

7. Escherichia coli 6J SICU urine

8. Klebsiella oxytoca 17J SICU wound

9. Klebsiella pneumoniae 22J SICU thoracic drain

10. Klebsiella pneumoniae 8J SICU urine

11. Klebsiella pneumoniae 23J SICU wound

12. Escherichia coli 3J CARDIO bronchoscopy

13. Klebsiella oxytoca 19J CARDIO catheter

14. Klebsiella oxytoca 10J CARDIO urine

15. Klebsiella planticola 13J CARDIO urine

16. Klebsiella pneumoniae 21J CARDIO blood

17. Klebsiella pneumoniae 11J CARDIO urine
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EcoRI enzyme was used.15 After an
incubation during 5 hours at 37˚C diges-
tion, profiles of the respective plasmids
were studied again by agarose gel elec-
trophoresis.

RESULTS
A list of 75 clinical isolates of
Enterobacteriaceae, collected in April
and November 1999 and June 2001 from
3 different wards (PATNEO, SICU and
CARDIO), is presented in Table 1. The
majority of clinical isolates represented
Klebsiella pneumoniae (59%) and E. coli
(24%). In vitro susceptibility of isolates
to 15 antibiotics is presented in Figure 1.
All isolates were resistant to GEN, TOB,
and AMPI and were susceptible or near-
ly susceptible to MERP and fluoro-
quinolones during the entire period of
the study. There was no resistance
observed to AZTR in isolates collected
in April 1999. Relatively low resistances

to ISE and CTAX were also observed.
The occurrence of AGME in the

isolates is shown in Figure 2. The
enzymes occurring most often were
APH(2´´) and AAC(6´)-III. APH(2´´)
inactivates GEN, TOB, and AAC(6´)-III
inactivates TOB, NET, AMI, ISE. All
isolates studied were GEN and TOB
resistant and majority of them were also
NET resistant, although AMI resistance
was also considerable, especially in
November 1999.

The occurrence of beta-lactamases,
TEM beta-lactamases, and ESBL
enzymes is presented in Figure 3. All
isolates tested, regardless of the period
of their collection, produced beta-lacta-
mase and the majority of them produced
ESBL enzymes and TEM beta-lacta-
mases, what is documented by a high
rate of resistance to all groups of beta-
lactams, except carbapenems.

The molecular weight of plasmids

Table 2. Molecular Weight of Plasmid DNAs Isolated from Clinical Isolates Collected in April
and November 1999 and June 2001 and Their Transconjugants

Microorganism Origin pDNA (KB)

Citrobacter freundii 7A PATNEO 116

Escherichia coli 3110 7AT2 99

Klebsiella pneumoniae 11A PATNEO 116

Escherichia coli 3110 5AT2 103

Klebsiella pneumoniae 19A PATNEO 116

Escherichia coli 3110 19AT2 116

Citrobacter freundii 22A SICU 116

Escherichia coli 3110 22AT1 108

Klebsiella pneumoniae 11A SICU 116

Escherichia coli 3110 11AT1 116

Enterobacter cloacae 61N PATNEO 116

Escherichia coli 3110 61NT2 109

Escherichia coli 46N PATNEO 116

Escherichia coli 3110 46NT1 116

Klebsiella pneumoniae 7J PATNEO 86; 116

Escherichia coli 3110 7JT1 86; 116

Escherichia coli 6J SICU 116; 128; 146

Escherichia coli 3110 6JT1 116; 128; 146

Klebsiella pneumoniae 8J SICU 146; 157

Escherichia coli 3110 8JT1 146; 157

Escherichia coli 3J CARDIO 146; 151

Escherichia coli 3110 3JT1 146; 151



The Journal of Applied Research • Vol. 4, No. 2, 2004 317

isolated from clinical isolates and their
transconjugants are presented in Table
2. It is evident, that in many donors and
often also in their transconjugants from
PATNEO and SICU wards, irrespective

of the period of collection, a 116 kb plas-
mid occurred. Restriction profiles of
such 116 kb plasmids isolated from dif-
ferent clinical isolates collected in 3
periods from Pathological neonates (A)

Figure 1. Resistance of clinical isolates, collected at 3 wards of the Children´s University Hospital,
Bratislava, in April 1999, November 1999 and June 2001 to aminoglycosides, beta-lactams, and
fluoroquinolones.

Figure 2. Occurrence of aminoglycoside modifying enzymes (AGME) in clinical isolates, collect-
ed in April 1999, November 1999, and June 2001.
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and Surgical ICU (B) are presented in
Figure 4.

DISCUSSION
Multiple antibiotic resistance to useful
classes of the antibiotics, including beta-
lactams, aminoglycosides and fluoro-
quinolones has gradually increased
among a number of Gram-negative hos-
pital pathogens, especially Klebsiella
spp., Enterobacter spp., and E. coli.16 The
driving force of antibiotic resistance is
the widespread use of antibacterial

drugs. From this point of view a good
susceptibility of all isolates to meropen-
em and fluoroquinolones is understand-
able, as they were not used or very
rarely used for pediatric patients where
primarily beta-lactams represent
antibacterials of the first choice. As the
isolates were chosen on the basis of the
GEN, TOB and/or NET resistance,
100% resistance to GEN and TOB and
high rate of NET and AMI resistance
may be explained also by the increased
usage of aminoglycosides in the therapy

Figure 3. Occurrence of beta-lactamases, ESBL and TEM beta-lactamases in clinical isolates,
collected in April 1999, November 1999, and June 2001.

Figure 4. Plasmid DNA from clinical
isolates originating from three wards
of the Children´s University Hospital,
Bratislava, in April 1999 (lane 1),
November 1999 (lane 2) and June
2001 (lane 3), digested with EcoRI. M
– DNA molecular size marker (lamb-
da DNA digested with HindIII). (A)
Clinical isolates Citrobacter freundii
7A (lane 1), Escherichia coli 46N
(lane 2) and Klebsiella pneumoniae
7J (lane 3) were obtained from
Pathological neonates. (B) Clinical
isolates Klebsiella pneumoniae 11A
(lane 1), Escherichia coli 35N (lane
2) and Escherichia coli 6J (lane 3)
were obtained from Surgical ICU.
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of infections caused by so called “prob-
lem bacteria” in Slovakia.17 Interesting
however, was observation of ISE resist-
ance in spite of the fact that isepamicin
has not been used in the therapy in
Slovakia yet. But as the enzyme
APH(3´)-VI has for substrates AMI and
ISE, an increased usage of AMI may
have supported a dissemination of this
mechanism of resistance in populations
of bacterial pathogens.

All clinical isolates and several
transconjugants were investigated for
presence of beta-lactamases and ESBL.
In all isolates, during the entire period of
study, the presence of beta-lactamase
was observed. In more then 80% of iso-
lates a production of ESBL and in near-
ly 70% of them a TEM beta-lactamases
was noted. There were no substantial
differences among isolates originating
from different units of the pediatric hos-
pital. Extended-spectrum beta-lacta-
mases are now a problem in hospitalized
patients worldwide. In Europe, the
prevalence of ESBL production among
isolates of Enterobacteriaceae varies
greatly from country to country and
from institution to institution. Across
Europe, the incidence of CTAZ resist-
ance among K. pneumoniae strains was
20% for non-ICU isolates and 42% for
isolates from ICU patients.18 A common
reason for a widespread incidence of
ESBL is a high volume and indiscrimi-
nate administration of expanded-spec-
trum cephalosporines.19,20 In our study,
the incidence of ESBL-producing strains
prevailed in Klebsiella spp. ESBL are
most often encoded on plasmids, which
can easily be transferred between iso-
lates. ESBL-producing
Enterobacteriaceae have been responsi-
ble for numerous outbreaks of infections
throughout the world and pose challeng-
ing infection control issues.21

Several authors reported that a sin-
gle self-transmissible plasmid was found
in isolates from numerous patients at

different units of the same hospital.22,23

Such nosocomial plasmid was responsi-
ble for causing infections or coloniza-
tions throughout the year and this result
was concordant with those obtained by
plasmid profiling, with slight variations.
The restriction pattern indicated com-
mon DNA fragment in most plasmids
isolated.22,24 Plasmid profiling belongs to
the best-suited techniques for investigat-
ing the epidemiological relatedness of
strains causing nosocomial infections.

In our study, we observed the pre-
vailing incidence of a 116 kb plasmid at
all 3 hospital units throughout the 3-year
period. Restriction analyses revealed
identity of a single plasmid at different
wards (K. pneumoniae 7J – PATNEO, E.
coli 6J – SICU), but also its persistence
on the same unit in different bacterial
isolates and in different periods of col-
lection (C. freundii 7A – April 1999, E.
coli 46N – November 1999, K. pneumo-
niae 7J – June 2001, all PATNEO). We
presumed therefore that the dissemina-
tion of a single plasmid or of several
related plasmids harboring common
DNA fragments in most of the isolates,
occurring at different units of the
University Pediatric Hospital in
Bratislava, are responsible for beta-lac-
tam and aminoglycoside resistance of
Enterobacteriaceae isolates.
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