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Abstract

In this study, a hundred Klebsiella pneumoniae strains isolated from urinary tract infections were evaluated in terms of genotyping, suscep-
tibility to certain antibiotics and detection of extended spectrum of beta lactamase (ESBL) production. The random amplified polymorphic
DNA (RAPD-PCR) method was used to identify the genetic differentiation of K. pneumoniae isolates. A total of 26 different DNA bands
ranging between 334 bp and 28033 bp were detected among the strains. It was found that 100 K. pneumoniae strains revealed 11 different
RAPD profiles. Antibiotic susceptibility tests were conducted using a disc diffusion method against 16 antibiotics. Fifty-five different resist-
ance profiles were determined among the strains. ESBL-productions of the strains were determined by the double disc synergy test (DDST)
and ESBL E-test methods. ESBL production rates among the strains were found to be 55% by E-test method and 45% by DDST method.
While ESBL-producing K. pneumoniae strains showed the greatest resistance to penicillin G (100%), followed by piperacillin (92.7%) and
erythromycin (85.4%),the resistance rates of non ESBLproducing strains to those antibiotics were determined as 97.8%, 88.8% and 88.8%,
respectively. Both groups of strains showed the highest sensitivity to meropenem. Based on the results obtained from the study, it was
concluded that the detection of ESBL-producing strains by the E-test method was more sensitive than by the DDST method. Phenotypic
and genotypic identification methods should be used together to detect ESBL presence. The RAPD-PCR method alone will not be adequate

in the genotyping of the strains and alternative DNA-based methods should be used.
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Introduction

ESBL-producing bacteria are increasingly causing
urinary tract infections (UTI) both in hospitalized and
outpatients. The increase of drug resistance among
these organisms has made the therapy of UTI difficult
and has led to greater use of expensive broad spectrum
antibiotics such as third generation cephalosporins.
Detection of ESBLs using conventional antimicrobial
susceptibility methods and a delay in the detection
and reporting of ESBL production by gram-negative
bacilli are associated with prolonged hospital stay and
increased morbidity, mortality and health care costs.
(Mehrgan and Rahbar, 2008). The detection of ESBL
production is important. ESBL positive strains are
associated with increased mortality when compared
to ESBL negative strains (Kim and Pai, 2002).

Klebsiella species, particularly Klebsiella pneumo-
niae, are important opportunistic nosocomial patho-

gens causing a variety of infections including uri-
nary tract infections, pneumonia, septicemia, wound
infections and infections in intensive care units. It has
been estimated that Klebsiella spp cause 5-7% of the
total bacterial nosocomial infections (Podschun and
Ullmann, 1998). Since 1983, multi-resistant K. pneumo-
niae has been increasingly recognized internationally
as a cause of hospital-acquired infections. Because of
the acquisition of plasmids which code for the pro-
duction of extended-spectrum {-lactamases (ESBL),
ESBL-producing microorganisms are more resistant
to extended-spectrum cephalosporins and aminogly-
cosides than non ESBL-producing microorganisms
(Eisen et al., 1995).

Most of the ESBLs in E. coli and K. pneumoniae are
derived from TEM or SHV type B-lactamases by one
or more amino acid substitutions that confer resist-
ance to extended-spectrum cephalosporins. Recently
more non-TEM and non-SHV derived ESBLs such
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as CTX-M related enzymes have been identified over
an extremely wide geographical area (Li et al, 2003).
These multi-resistant isolates produce the novel plas-
mid-mediated p-lactamases CTX-1, SHV-2 and SHV-3
which are able to hydrolyze oxyimino p-lactamases
(Pitout et al., 2005).

Among all the genome fingerprinting PCR meth-
ods, random amplified polymorphic DNA (RAPD) is
used for demonstrating differences between bacteria.
RAPD can be used for the typing of organisms without
previous knowledge of DNA sequences (Mohamudha
etal., 2010, Dobara etal.,, 2010). The use of a single
primer leads to the amplification of several DNA frag-
ments randomly distributed throughout the genome.
RAPD has received considerable attention in recent
years as a molecular typing method due to its simplicity,
sensitivity, flexibility and relatively low cost. The ability
of RAPD to type a wide variety of bacteria strains in
a short time suggests that it will be a useful molecular
epidemiological tool (Dobara et al., 2010).

The aim of the present study was to investigate the
presence and rates of ESBL and antibiotics susceptibili-
ties and the genotypic identification of Klebsiella pneu-
moniae strains isolated from urinary tract infections in
a hospital in Konya, Turkey.

Experimental
Material and Methods

Sample collection and isolation of strains. A hun-
dred K. pneumoniae strains isolated from urine samples
belonging to patients with urinary tract infections were
collected during May 2010-July 2011. The collected
samples were inoculated in sterile Petri dishes contain-
ing ready prepared EMB agar and blood agar media and
incubated at 35°C for 18-24 hours. The isolated colo-
nies were subcultured and purified for characterization.
The isolated bacteria were identified according to Ber-
gey’s Manual of Determinative Bacteriology (Brenner,
1986) and confirmations of the strains were carried out
using the API-20E (BioMérieux) test system.

Identification of K. pneumoniae isolates by API
20E test. The API 20E test was performed in accord-
ance with the manufacturer’s protocol (BioMérieux,
Marcy I'Etoile, France). All cultures were transferred
onto 5% sheep blood agar plates prior to the inocu-
lation of the API 20E strips. A bacterial suspension
approximating a 0.5 McFarland standard was used for
inoculation. All strips were incubated at 35°C for 24 h.
The addition of reagents and the interpretation of reac-
tions were performed in accordance with the manufac-
turer’s directions. The 20 biochemical test reactions on
the strip were converted into an octal profile number.
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Each profile number was then decoded using the Ana-
lytical Profile Index. Diagnosis of Klebsiella spp. was
conducted by Apiweb™.

Antibiotic susceptibility test. The standard Kirby-
Bauer disk diffusion method was used to determine
the antibiotic sensitivity profiles of the K.pneumo-
niae isolates (CLSI, 2008) for 16 antimicrobial agents
[meropenem (10 pg), aztreonam (30 pug), erythromy-
cin (10 pg), ciprofloxacin (5 pg), piperacillin (30 ug),
penicillin G (10U), norfloxacin (10 pg), tetracycline
(30 pug), netilmicin (30 ug), chloramphenicol (30 pg),
amoxicillin/clavulanic acid (30 pg), cephalexin (30 ug),
cefoxitin (30 pug), ceftazidime (30 pg), ceftriaxon (30 ug)
and cefotaxime (30 ug)]. A 12 cm Mueller-Hinton Agar
(MHA) medium plate was swabbed with BHI (Brain
Heart Infusion) broth inoculated with K. pneumo-
niae and incubated to a turbidity of 0.5 McFarland
standards. Sixteen commercially prepared antimicro-
bial agent disks were placed on the inoculated plates.
The plates were incubated at 35°C for 18 to 20 h. The
diameters (in millimeters) of the clear zones of growth
inhibition around the antimicrobial agent disks, includ-
ing the 6 mm disk diameter, were measured using
a ruler. Zone diameters were interpreted using guide-
lines from the CLSI (2008). E. coli ATCC 25922 was
used for quality control.

All samples were screened for the production of
an ESBL by the double disc synergy test (DDST) as
described by Jalier et al. (1998) and the E-test (Biomer-
ieux). The strains were pre-incubated in brain heart
infusion broth (BHIB) at 37°C and the optimal density
of 0.5 McFarland standards. This bacterial suspension
was swabbed with sterile cotton on to a Mueller-Hinton
agar medium. The antagonistic tests were conducted
with antibiotic discs of amoxicillin/clavulanic acid
(20/10 pg) and cefotaxime (30 pg), ceftazidime (30 pg)
and ceftriaxon (30 pg) were placed at a distance of about
4 cm apart from each other and incubated. After incu-
bation a clear extension of the edge of the inhibition
zone of any of the antibiotics towards the disk contain-
ing clavulanic acid-CA (10 pg) was interpreted as posi-
tive for ESBL production.

An E test ESBL strip (Biomerieux) is a plastic drug-
impregnated strip, one end of which generates a sta-
ble concentration gradient of ceftazidime (MIC test
range, 0.25-16 mg/l) and the remaining end of which
generates a gradient of ceftazidime (MIC test range,
0.016-1 mg/1) plus 4 mg/1 clavulanic acid. The E-test
procedure, reading and interpretation were carried out
according to the manufacturer’s instructions. Isolated
colonies from an overnight agar plate were suspended
in saline (0.85% NacCl) to achieve an inoculum equiva-
lent to 0.5 McFarland standards. This suspension was
swabbed on a Mueller-Hinton agar plate (Oxoid, UK)
and allowed to dry completely. An ESBL E-test strip
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was then applied to the agar surface with sterile forceps
and the plate was incubated at 36°C for 18 h. The ESBL
results were read either as MIC values or observation
of ‘phantonmy’ zones or deformation of inhibition ellip-
ses. A reduction of MIC by >3 two-fold dilutions in
the presence of clavulanic acid is indicative of ESBL
production. In addition, multiple antibiotic resistance
(MAR) indexing of K. pneumoniae strains was deter-
mined according to Krumperman (1983).

Extraction of genomic DNA. DNA genomes were
extracted from the bacterial isolates using a DNA
extraction kit (Dr Zeydanl, Life Sciences) as directed
by the manufacturer and the supernatants were stored
in a freezer at —20°C for PCR analysis.

Random Amplified Polymorphic DNA (RAPD)
Fingerprinting. RAPD was carried out according to
Williams et al. (1990) with some modification. PCR
reactions were prepared in a total volume of 50 ul per
tube, containing 5 pl (50 ng/pl) of chromosomal DNA,
0.7 pl (5U/pl) Tag DNA polymerase (Fermentas, Thermo
Scientific), 3 ul MgCL, (25 mM), 5 pl taq buffer, 30.3 pl
PCR buffer, 1 ul (25 pmol) primer (OPA-02). The fol-
lowing primer (OPA-02 5TGCCGAGCTG3 ) was used
in this study.

The amplifications were done in a thermal cycler
(Eppendorf) programmed for the first cycles to dena-
ture for 1 min at 95°C. Then came a program of 40 cycles
of 1 min denaturation at 94°C, 1 min annealing at
36°C and a 2 min primer extension at 72°C followed
by a final step of amplification of 7 min at 72°C.

Gel preparation, sample loading and detection.
Amplification products were resolved by electropho-
resis on 1.2% agarose gel that was prepared in 1X TBE
(Tris/Borate/EDTA) buffer and mixed with 0.5 pg/ml of
ethidium bromide. The agarose gel was transferred to
an electrophoresis cell with 1X TBE buffer. 20 ul of each
samples was mixed with 4 ul loading dye and loaded
into the gel and 5 pl of DNA markers (Gene ruler 100 bp
plus, Lambda DNA/Hind III) (Fermentas, Thermo Sci-
entific) and Sigma Direct Load (Sigma Aldrich) were
loaded into the well of the gel. 80 volts for 2 hours as
7.5v/cm of the gel was applied. DNA bands were visu-
alized using a 366 nm UV transilluminator and pho-
tographed with the UVP GelDoc It™ Imaging System.

Results

In this study it was found that 45 (45%) K. pneu-
moniae strains produced ESBL in the double discs
synergy test and 55 (55%) strains produced ESBL in
the E-test. Both methods demonstrated the presence
of ESBL in 55 of the isolates. ESBL-producing K. pneu-
moniae strains displayed higher antibiotics resistance
ratios than non ESBL-producing K. pneumoniae strains.
Table I shows the antibiotic resistance and susceptibil-
ity ratios of ESBL-producing and non ESBL-producing
K. pneumoniae.

The antibiotic susceptibility test by disc diffusion
method found that ESBL-producing K. pneumoniae

Table I

Antibiotic susceptibility patterns of ESBL-producing and non ESBL-producing Klebsiella pneumoniae strains

non ESBL-producing K. pneumoniae ESBL-producing K. pneumoniae
Antibiotics R* I S R* I S

n (%) n (%) n (%) n (%) n (%) n (%)
Meropenem (MEM) 1(2.2%) 1(2.2%) 43 (95.6%) 5 (9%) 1(1.8%) 49 (89.2%)
Aztreonam (ATM) 7 (15.5%) 3 (6.6%) 35 (77.9%) 27 (49%) 1(1.8%) 27 (49.2%)
Erythromycine (E) 40 (88.8%) 4 (8%) 1(2.2%) 47 (85.4%) 5 (9%) 3 (5.6%)
Ciprofloxacin (CIP) 3 (6.6%) 4 (8.6%) 1(2.2%) 10 (18.1%) 6 (10.9%) 39 (71%)
Penicillin G (P) 44 (97.8%) - 1(2.2%) 55 (100%) - -
Piperacilline (PRL) 40 (88.8%) 3 (6.6%) 2 (4.6%) 51 (92.7%) 3 (5.4%) 2 (1.9%)
Norfloxacin (NOR) 3 (6.6%) (8.8%) 38 (84.6%) 12 (21.8%) 2 (3.6%) 41 (74.6%)
Tetracyline (TE) 12 (26.6%) 2 (4.6%) 31 (68.8%) 17 (30.9%) 2 (3.6%) 36 (65.5%)
Netilmicin (NET) 4 (8.6%) - 41 (91.4%) 16 (29%) 4 (7.2%) 35 (63.8%)
Chloramphenicol (C) 5(11.1%) 4 (8.8%) 36 (80.1%) 11 (20%) 1(1.8%) 43 (78.2%)
Amoxicillin/Clavulanic acid (AMC) 12 (26.6%) 5(11.1%) 28 (62.3%) 18 (32.7%) 12 (21.8%) 25 (45.5%)
Ceftazidime (CAZ) 6 (13.3%) 5(11.1%) 34 (75.6%) 25 (45.4%) 7 (12.7%) 23 (41.9%)
Ceftriaxon (CRO) 5(11.1%) 14 (31.1%) 26 (57.8%) 28 (50.9%) 8 (14.5%) 19 (34.6%)
Cefotaxime (CTX) 5 (11.1%) 4 (8.8%) 36 (80.1%) 26 (47.2%) 5 (9%) 20 (43.8%)
Cefolaxine (CL) 9 (20%) 11 (24.4%) 25 (55.6%) 29 (52.7%) 2 (3.8%) 24 (43.5%)
Cefoxitine (FOX) 8 (17.7%) 6 (13.3%) 31 (69%) 7 (12.7%) 4 (7.2%) 44 (80.1%)

* R: Resistant; I: Intermediate; S: Susceptible
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Fig. 1. Resistant strain numbers of K. pneumoniae isolates ESBL producing and ESBL non-producing

strains showed the highest antibiotic resistance to peni-
cillin in 55 strains (100%); piperacilline in 51 strains
(92.7%); erythromycin in 47 strains (85.4%) and cef-
triaxone in 28 (50.9%) strains respectively (Fig. 1). The
strains showed the lowest antibiotic resistance to mero-
penem in 5 strains (9%); cefoxitin in 7 strains (12.7%);
ciprofloxacin in 10 strains (18.1%) and norfloxacin
in 12 strains (21.8%). ESBL-producing K. pneumo-
niae strains showed the highest antibiotic resistance
to penicillin in 44 strains (97.8%); erythromycin and
piperacillin in 40 strains (88.8%) and tetracycline and
amoxicillin/clavulanic acid in 12 strains (26.6%) respec-
tively. They showed the lowest antibiotic resistance to
penicillin in one strain (2.2%); norfloxacin and cipro-
floxacin in 3 strains (6.6%) and netilmicin in 4 strains

3000 bp
2000 bp
1500 bp

(8.6%). It was found that non ESBL-producing strains
showed high resistance to penicillin, erythromycin and
piperacillin. ESBL-producing and non ESBL-producing
K. pneumoniae strains showed the highest sensitivity to
meropenem. While non ESBL-producing strains had
high resistance to netilmicin and norfloxacin, ESBL-
producing strains showed high sensitivity to cefoxitin
and chloramphenicol.

Resistance profiles were formed based on the anti-
biotics that the strains were resistant to (TablelII).
According to this table, a total of 55 different resist-
ance profiles were observed among 100 K. pneumoniae
strains. The majority of strains (98%) were found to be
resistant to two or more antibiotics. The most common
resistance profile was identified in 23 strains and these

Fig. 2. Image of DNA bands extracted from K. pneumoniae strains and detected by RAPD-PCR method on agarose gel. M1: Marker

(Gene ruler 100 bp plus), Lane 1: 2 numbered strain, Lane 2: 3 numbered strain, Lane 3: 4 numbered strain, Lane 4: 11 numbered strain,

Lane 5: 13 numbered strain, M2: Marker (Lambda DNA/Hind III), Lane 6: 15 numbered strain, Lane 8: 26 numbered strain, Lane 9: 27
numbered strain, M3: Marker (Sigma Direct Load)
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Table I
Antibiotic resistance patterns of Klebsiella pneumoniae isolates.

Resistance profiles Number % Strains MAR
of isolates index
E 1 1 51 0.0625
P 1 1 87 0.0625
P, PRL 3 3 8,13,35 0.125
E, PRL 4 4 14, 36, 48, 99 0.125
E,P 1 1 55 0.125
E, B PRL 23 23 7,9, 12,21, 30, 31, 38, 37,
42,47, 53, 54, 56, 58, 64, 67,
75,78, 80, 82, 89, 96, 100 0.187
P, PRL, CAZ 1 1 20 0.187
E,B TE 1 1 85 0.187
ATM, CAZ, CRO, FOX 1 1 5 0.25
ATM, E, P, PRL 3 3 59, 84,97 0.25
E, CIP, P, PRL 1 1 40 0.25
E, B PRL, TE 3 3 1,23,63 0.25
E, P PRL,C 3 3 15, 16, 86 0.25
E, B PRL, AMC 3 3 18,19, 95 0.25
E, B PRL, CL 1 1 26 0.25
E, B AMC, CL 1 1 32 0.25
CIP, P, PRL, NOR 1 1 41 0.25
P, PRL, TE, FOX 2 2 71,72 0.25
ATM, E, CIP, P, PRL 1 1 43 0.313
E, P PRL, TE, C 1 1 50 0.313
E, B PRL, TE, AMC 3 3 22,49,74 0.313
E, B PRL, TE, CL 1 1 39 0.313
E, B AMC, CL, FOX 1 1 46 0.313
ATM, E, PRL, NET, CAZ, CRO 1 1 52 0.375
E, B PRL, TE, C, AMC 2 2 10, 29 0.375
P, PRL, TE, AMC, CAZ, CL 1 1 17 0.375
ATM, E, P, PRL, CAZ, CRO, CL 1 1 11 0.438
ATM, E, P, PRL, CAZ, CL, FOX 1 1 93 0.438
ATM, E, P, PRL, CRO, CTX, CL 1 1 73 0.438
ATM, P, PRL, CAZ, CRO, CTX, CL 1 1 45 0.438
E, B PRL, C, CRO, CTX, CL 1 1 88 0.438
E, B PRL, TE, NET, C AMC 1 1 90 0.438
ATM, E, PPRL, NOR, CRO, CTX, CL 1 1 62 0.50
ATM, E, PPRL, CAZ, CRO, CTX, CL 1 1 81 0.50
ATM, E, PRL, AMC, CAZ, CRO, CTX, CL 1 1 68 0.50
ATM, P, PRL, NET, CAZ, CRO, CTX, CL 1 1 44 0.50
ATM, TE, NET, CAZ, CRO, CTX, CL, FOX 1 1 6 0.50
E, CIP, P, PRL, NOR, TE, C, AMC 1 1 92 0.50
E, B PRL, AMC, CRO, CTX, CL, FOX 1 1 5 0.50
ATM, E, P, PRL, NET, CAZ, CRO, CTX, CL 2 2 3,70 0.563
ATM, E, P, PRL, AMC, CAZ, CRO, CTX, CL 1 1 37 0.563
E, B PRL, TE, NET, C, CRO, CTX, CL 1 1 34 0.563
E, P, PRL, AMC, CAZ, CRO, CTX, CL, FOX 1 1 65 0.563
ATM, E, CIP, P, PRL, NOR, CAZ, CRO, CTX, CL 2 2 4,83 0.625
ATM, E, P, PRL, TE, C, CAZ, CRO, CTX, CL 2 2 60, 61 0.625
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Table II continued.

Resistance profiles olﬁ?sr(zllt;fers % Strains fr/f([;ef){(
ATM, E, P, PRL, TE, NET, AMC, CAZ, CRO, CTX, CL 1 1 91 0.686
ATM, E, P, PRL, TE, NET, CAZ, CRO, CTX, CL, FOX 1 1 24 0.686
MEM, ATM, E, P, PRL, TE, NET, CAZ, CRO, CTX, CL, FOX 1 1 25 0.75
ATM, E, CIP, P, PRL, NOR, C, AMC, CAZ, CRO, CTX, CL 1 1 69 0.75
ATM, E, P, PRL, NOR, TE, NET, AMC, CAZ, CRO, CTX, CL 1 1 57 0.75
ATM, E, P, PRL, TE, NET, AMC, CAZ, CRO, CTX, CL, FOX 1 1 28 0.75
ATM, E, P, PRL, TE, C, AMC, CAZ, CRO, CTX, CL, FOX 1 1 2 0.75
MEM, ATM, E, CIP, P, PRL, NOR, NET, AMC, CAZ, CRO, CTX, CL 1 1 27 0.813
ATM, E, CIP, P, PRL, NOR, TE, NET, AMC, CAZ, CRO, CTX, CL 1 1 98 0.813
?;I\é,L i\;[‘é\)ﬂ),(E, CIP, P, PRL, NOR, TE, NET, C, AMC, CAZ, CRO, 4 4 66, 76,79, 94 1

Table ITI
DNA band sizes and RAPD profiles of Klebsiella pneumoniae strains
DNA band sizes (bp) K. pneumoniae strains Profile no
2492 2 P1
2056, 1806, 1491, 1108, 918, 787, 722, 565, 334 3 P2
1658, 1080 4 P3
2648, 600 11 P4
2583, 1700, 590 13 P5
2480 15 P6
502, 422 26 P7
899, 522 27 P8
28033 28, 29, 30, 31, 32, 33, 35, 36, 37, 38, 39, 40, 41, 43, 44, 45, 46,
47,48, 49, 50, 51, 52, 53, 54, 79, 80, 81, 83, 85, 86, 89, 95, 96 P9

1618, 1608, 1604 92 P10
1618 97 P11

strains showed resistance to erythromycin, penicillin
and piperacillin. This profile had a 23% rate among
the strains. We determined 4 strains that developed
resistance to all 16 antibiotics and only showed resist-
ance to erythromycin and piperacillin. The majority
of observed resistance profiles are observed to con-
sist of one strain. Among all, 66, 76, 79 and 94 num-
bered strains showed the highest MAR index values. In
65 strains (65%) showing resistance to at least four anti-
biotics, the MAR index was greater than 0.2. According
to Krumperman (1983), it is claimed that strains which
have an index higher than 0.2 come from a location in
which antibiotics are intensively used.

In the present study genotypic analyses were per-
formed on Klebsiella pneumoniae strains using the
RAPD-PCR method (Fig. 2).

In 44 of 100 strains, we determined 11 different
DNA profiles, with minimum]l, maximum 9 DNA
bands. A total of 26 different DNA bands ranging
between 334 bp and 28033 bp were determined (Fig. 2).

Among the strains in which a DNA band was identi-
fied, 9 DNA bands were found in 1; 3 DNA bands were
found in 2; 2 DNA bands were found in 4 and 1 DNA
band was found in 37 strains (Table III).

A total of 9 DNA bands were found in K. pneu-
moniae strain no 3. It was found that the size of this
band varied between 334-2056 bp. 3 DNA bands were
observed in each 13 (590-2583 bp) and 92 numbered
strain (1604-1618 bp). Furthermore, 2 DNA bands with
a size of 422-2648 bp were found in strains no 4, 11, 26
and 27. The most common profile among the strains
was profile no 9 with a size of 28033 bp. The prevalence
of this profile among strains was found to be 84.09%
(Table ITI).

Discussion
The identification of ESBL presence in microorgan-

isms causing hospital and community-acquired infec-
tions is of great importance as antibiotic treatment
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will be determined accordingly, treatment costs will be
reduced, and mortality and morbidity will decrease.
Firstly the ESBL enzyme produced by the bacteria
should be accurately identified (Isik et al., 2007). The
CLSI has recommended scanning and phenotypic vali-
dation test based on the indication of beta-lactam/beta-
lactamase inhibitor synergy for in vitro identification
of ESBL-producing K. pneumoniae isolates. However,
since DDST is still the most common, cheapest and eas-
iest method for ESBL identification, it is used in various
microbiology laboratories in Turkey and around the
world. In the present study, 100 K. pneumoniae strains
were analyzed in terms of ESBL using DDST and ESBL
E-tests. Although the analysis which used the DDST
found ESBL-producing strains at the 45% level, the
E-test found ESBL-producing strains at the 55% level.
In this case, the E-test method can be considered as
more reliable than DDST in the identification of ESBL-
producing strains. In a similar study, Abacioglu et al.
(1995) identified the ESBL-producing K. pneumoniae
strain rate at 50% using the DDST method and as 62.5%
using the E-test method. Using the E-test method,
Yucesoy et al. (1996) identified 57.1% ESBL in K. pneu-
moniae isolates, which are hospital infection pathogens.
Isik et al. (2007), found a 63.7% ESBL production rate
in K. pneumoniae strains using the DDST method and
a 59.8% ESBL production rate using the E-test. The
findings of our study are consistent with the findings
of previous studies. Using the DDST method, Steward
etal. (2001) identified ESBL production level as 84% in
K. pneumoniae strains. Vecauteren et al. (1997) identi-
fied ESBL-producing strains at an 81% level using the
E-test method and at 97% using the DDST method.
Cormican et al. (1996) carried out a study on 82 clinical
isolates and reported that the E-test was 100% sensi-
tive. In the same study, the double disc synergy test had
a sensitivity of 87%. As indicated in previous studies,
the E-test method was found to be more sensitive than
DDST in terms of identifying ESBL presence. Similarly,
Drieux et al. (2008) carried out a study on Klebsiella and
E. coli strains and reported that the E-test method had
98.6% sensitivity, while the DDST method had 94.4%
sensitivity. Similarly, in our study the E-test method
was found to be more sensitive than DDST. ESBL ratios
and antibiotic resistance status were compared to pre-
vious studies with reference to data obtained by us.
G. Bindayna et al. (2009) identified ESBL presence at
24.3% in K. pneumoniae strains and reported that car-
bapenems were the most effective antibiotics. Jalalpour
(2011) identified 36% ESBL presence in K. pneumoniae
strains. Lin etal. (2012) identified ESBL presence at
14.9% in K. pneumoniae strains obtained from neona-
tal intensive care units and reported that imipenem was
the most effective antibiotic against these strains. The
ESBL ratio determined in our study is higher than the
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ratios of previous studies. However, our findings are
consistent with previous studies in that the strains were
most sensitive to carbanepems. In another study, Goyal
etal. (2009), found 66.7% ESBL-producing K. pneumo-
niae strains and reported that all of the strains were
sensitive to meropenem with the highest resistance to
ciprofloxacin (93.7%). According to our findings, resist-
ance to ciprofloxacin (18.1%) was much lower than the
findings of previous researchers. Despite this, findings
on meropenem sensitivity were consistent with our
findings. Sensitivity to ciprofloxacin in our findings
was found to be lower than the findings of Krawczyk
etal. (2005) and higher than those of other research-
ers. Behrooozi etal. (2010) reported the incidence of
ESBL-producing K. pneumoniae strains as 12% and
that the strains were most sensitive to ofloxacin (28%),
and most resistant (100%) ampicillin, ceftazidime and
cefalotin (100%). Based on our findings, the identi-
fied resistance to ciprofloxacin (18.1%) and norfloxa-
cin (21.8%) among quinolone group antibiotics were
consistent with the findings of Behrooozi et al. (2010);
however ESBL-producing strains were the most sensi-
tive to (9%) meropenem. Ceftazidime resistance was
found to be 45.4%. Ejaz et al. (2011) identified 71.7%
ESBL prevalence in K. pneumoniae strains isolated from
urinary tract infections. They determined the highest
resistance to ceftazidime (100%), cefotaxime (98.7%)
and cefuroxime (98.1%) and the lowest resistance to
meropenem (3.6%). In our study, resistance levels to
ceftazidime (45.4%), cefotaxime (47.2%) and the preva-
lence of ESBL-producing strains were found to be lower
than the findings of Ejaz et al. (2011).

55 different resistance types were determined among
K. pneumoniae strains. Comparison of the resistance
profile with the profiles obtained from RAPD study
showed that there was great phenotypic variety between
the strains. However, the strains which were different
in phenotype were divided into 11 different genotypes
identified by RAPD. Analysis of the distribution of
profiles with the same band size according to strains
showed that these strains displayed multiple antibiotic
resistances. In other words, the strains showing the
same genotype were found to be phenotypically dif-
ferent. It was observed that 34 strains that had a DNA
band with a size of 28033 bp were dominant among
the 44 strains showing the band profile (TableIII).
The different phenotypes of these strains indicate that
they come from regions where antibiotics are intensely
used and thus they phenotypically differed by acquir-
ing resistance to these antibiotics (Krumperman, 1983).
Eisen etal. (1995) found that a single epidemic strain
type in K. pneumoniae strains determined by RAPD-
DNA, plasmid profile and phenotypic analyses was
prevalent among the patients. Lopes et al. (2005) iden-
tified 26 RAPD genotypes among 30 K. pneumoniae
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strains. In addition, the researchers identified 3 differ-
ent antibiotic resistance profiles among these strains.
The typing percentage of the researchers was higher
than in our findings. Despite this, 55 different resist-
ance profiles identified in our study are much higher
than the data reported by Lopes et al. (2005). 34 (77.2%)
of 44 strains typed by RAPD had one DNA band. In
this case, it can be thought that K. pneumoniae strains
with a 28033 bp DNA band can come from a dominant
epidemic origin. Dobara et al. (2010) identified 5 differ-
ent RAPD genotypes and 3 different antibiotic resistant
profiles among K. pneumoniae strains. The genotype
and phenotype percentages identified by the research-
ers were found to be lower than in our findings. Peng
etal. (2002) found that 20 ESBL-producing K. pneu-
moniae strains formed 11 different types by RAPD
method. In a similar study, Sharma et al. (2007) identi-
fied 23 different DNA profiles in 40 ESBL-producing
K. pneumoniae strains using the RAPD method and
found that DNA patterns at 300 bp size were common.
The typing percentages determined by these researchers
are consistent with our findings.

In conclusion, antimicrobial resistance is a rapidly
changing challenge and an increase in antibiotic resist-
ance levels of the bacteria has been a global problem.
One of the most important reasons for this is indis-
criminate use of antibiotics. As antibiotic use increases,
bacteria develop resistance mechanisms and it becomes
difficult to treat their infections. This increases treat-
ment costs and extends treatment time. A detailed and
accurate identification of the bacteria that cause infec-
tions helps clinicians. Phenotypic and genotypic iden-
tification methods should be used; comparative stud-
ies using more than one method should be conducted
and more than one method should be used to identify
ESBL presence. There are some advantages of the RAPD
technique such as that it requires no DNA probes or
sequence information for the specific primers, and that
it involves no blotting or hybridization steps, hence, it
is quick, simple and efficient, and it requires only small
amounts of DNA. Despite all these advantages, there are
some disadvantages of this method. Nearly all RAPD
markers are dominant, i.e. it is not possible to distin-
guish whether a DNA segment is amplified from a locus
that is heterozygous (1 copy) or homozygous (2 copies).
Co-dominant RAPD markers, observed as different-
sized DNA segments amplified from the same locus,
are detected only rarely. PCR is an enzymatic reaction,
therefore, the quality and concentration of template
DNA, concentrations of PCR components, and the PCR
cycling conditions may greatly influence the outcome.
Thus, the RAPD technique is notoriously laboratory-
dependent and needs carefully developed laboratory
protocols to be reproducible. Mismatches between the
primer and the template may result in the total absence
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of PCR product as well as in a merely decreased amount
of the product. Thus, the RAPD results can be difficult
to interpret. Another disadvantage is the lack of prior
knowledge about the identity of the amplification prod-
ucts. Because of these reasons, the RAPD-PCR method
alone will not be adequate for the genotyping of the
strains. Our results should be developed by more sensi-
tive DNA studies such as pulsed-field gel electrophore-
sis (PFGE), restriction fragment length polymorphism
(RFLP) and nucleotide sequence analysis.

ESBL production of K. pneumoniae strains that
cause urinary system infections should be followed via
genotypic and phenotypic methods; their types should
be identified and periodical identification and surveil-
lance studies should be carried out on antibiotic resist-
ance levels.
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