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Abstract

Extended spectrum beta-lactamase (ESBL) presence was investigated in Klebsiella pneumoniae
strains which were the ethiological agents of urinary tract infections and typed with isoelectric focusing
(IEF) method. The antibiotic sensitivities of 52 K. pneumoniae strains were determined by disc diffusion
method and ESBL were found in 12 strains (23 %) by double disc synergy test. Minimum inhibitory
concentration (MIC) values of ESBL (+) K. pneumoniae strains for ceftazidime (CAZ) and cefotaxime
(CTX) were investigated by E-test and isoelectric points of ESBL enzymes were determined by
polyacrilamide gel electrophoresis. When the strains’ sensitivity patterns were investigated for 3
generation cephalosporins and aztreonam, 6 strains had ESBL premise sign with at least one antibiotic.
Band pattern which focused around pl 7.6 was determined in 11 of 12 strains by IEF method. MIC values
were found 16 ug/mL and over for CAZ and 12 ug/mL and over for CTX in 5 of these strains. When pl’s
and antibiotic susceptibility patterns were analysed, 5 of 12 isolates had a band and susceptibility
patterns suggesting SHV-2.
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Idrar Yolu infeksiyonlarindan izole Edilen Klebsiella pneumoniae Kékenlerinde
Genislemis Spektrumlu Beta-Laktamaz Varhginin Arastirilmasi ve Izoelektrik
Odaklama Yontemi ile Tiplendirilmesi

Bu ¢alismada, idrar yolu infeksiyonlarindan izole edilen Klebsiella pneumoniae kokenlerinde
genislemis spektrumlu beta-laktamaz (GSBL) varligi arastirildi ve tiplendirmeleri izoelektrik odaklama
yontemi ile yapiuldi. Elli iki K. pneumoniae kokeninin antibiyotik duyarliliklar: disk difiizyon ydntemi ile
belirlendi. On iki (% 23) kokende ¢ift disk sinerji yontemi ile GSBL varhigi saptandi. Bu kokenlerin
seftazidim (CAZ) ve sefotaksim (CTX) minimum inhibitér konsantrasyon (MIK) degerleri E-test yontemi
kullanilarak, GSBL enzimlerinin izoelektrik noktalari ise poliakrilamid jel elektroforezi yontemi ile
belirlendi. Kokenlerin iigiincii jenerasyon sefalosporinler ve aztreonam duyarlilik paternleri dikkate
alindiginda, alti kékende en az bir antibiyotik ile GSBL oncii belirtisi saptandi. Izoelektrik odaklama
yontemi ile 12 kokenin 11’inde pl 7.6 olan bantlar gézlendi. Bu kékenlerin besinde CAZ MIK'i 16 ug/mL
ve iizerinde, CTX MIK’i 12 ug/mL ve iizerinde bulundu. Sonug olarak, antibiyotik duyarlilik paternleri ve
izoelektrik noktalart gozoniine alindiginda bu bes kiokende bulunan enzimlerin SHV-2 olabilecegi
diistiniildii.
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INTRODUCTION

Recently it was indicated that resistance had been developed against beta-lactam antibiotics
through extended spectrum beta-lactamases (ESBL). These enzymes were first detected in the
Klebsiella pneumoniae strains in Europe in 1983 and later in the other members of the
Enterobacteriaceae family. Usually encoded on plasmids, the enzymes can mediate resistance
against oxiimino beta-lactams such as cefotaxime (CTX), ceftazidime (CAZ), ceftriaxone and
aztreonam (ATM). Due to the fact that ESBL encoding genes are on the easily transferable
plasmids among bacteria, prevalence of high levels of resistance is enabled which result in
major therapeutic problems (1-4). Although ESBL enzymes derive predominantly from TEM
and SHV enzymes, recently new plasmids coded ESBL that did not derive from TEM and SHV
were defined. These new enzymes were effective against all cephalosporins including
cephamisins. There is a lot of epidemiological research on the prevalence of ESBL enzymes.
Dominant types show geographical differences. The most prevalent ESBL enzymes are TEM-
47 in Poland, SHV-3, SHV-4 and TEM-3 in France, TEM-52, SHV-12 and SHV-2a in Korea.
ESBL enzymes were detected for the first time in the United States of America 5 years later
than Europe and the most frequently isolated enzymes were TEM-10, TEM-12, and TEM-26.
While worldwide the most prevalent ESBL enzymes are SHV-2 and SHV-5, including Turkey
the most common ESBL type is SHV-2. It was seen that sporadic nosocomial cases affected by
ESBL producing strains resulted in endemic problems in some hospitals. These strains are
spreaded in the hospital by long term hospitalized patients. Epidemics are frequent among long
term hospitalized patients, post-operation patients, arterial and urinary catheterized patients, and
especially intensive care unit patients (3, 5 -10).

The aim of this study was detecting the frequency of ESBL in K. pneumoniae strains isolated
from urinary tract infections (UTI) and typing them with polyacrylamide gel electrophoresis
isoelectric focusing (PAGE-IEF) method.

EXPERIMENTAL

Determining the presence of ESBL by double disk synergy test

After the antibiotic susceptibility was determined by disk diffusion method in of 52 K.
pneumoniae strains isolated from UTI, the presence of ESBL was determined by double disk
synergy test (DDST). Bacterial suspension prepared according to McFarland 0.5 was inoculated
on the plates. Amoxicillin-clavulanic acid (AMC) disk was placed at the center of the plate and
around this disk at the distance of 25 mm from center the center ATM, CAZ and CTX disks
were placed. Plates were incubated at 35°C for one night. The extension at the inhibition zones
around CAZ, CTX, and ATM disks towards AMC and / or the zone diameters being 22 mm, 27
mm, and 27 mm or below for at least one of the for CAZ, CTX, and ATM disks respectively
were interpreted as ESBL presence (11).

Determination of CAZ and CTX susceptibility by E-test

With this method the MIC values of K. pneumoniae strains against CAZ and CTX were
investigated. Bacterial suspensions of 10®* cfu/mL were inoculated on the surface of the Mueller-
Hinton agar and then E-test strips were placed. MIC’s of CAZ and CTX of the strains were
determined after one night incubation.
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Determination of isoelectric points of ESBL by PAGE-IEF

Obtaining raw beta-lactamase extracts from bacteria

Three to four colonies from the culture on the blood agar base were taken and inoculated
into 10 mL Mueller-Hinton broth which were incubated at 35°C for 18 h. Bacterial suspensions
were centrifuged at room temperature 5000 ¢/min for 10 min and the supernatant was extracted.
The sediment was vortexed and centrifuged again by 5 mL 0.1 M phosphate buffer solution
(PBS) of pH value 7 after which the supernatant was extracted and the same process was
repeated twice. After 0.5 mL PBS was added, the sediment was vortexed and suspensions were
poured into the eppendorf tubes. In order to extract beta-lactamase from cells, the bacteria was
sonicated (ELMA, Transsonic Digital) for 15 min while the suspension was kept in cold to
prevent the enzymes from the effects of heat. The obtained sonicates were centrifuged at 4°C at
10000 c/min for 2 min, the supernatant containing beta-lactamases was taken into the eppendorf
tubes, and they were kept at -20°C.

Showing beta-lactamase presence

After the sonication, 5 pul of supernatant was mixed with 5 pl nitrocefin solution (Oxoid).
Beta-lactamase presence was indicated by color change from yellow to pink-red in less than 2
min.

PAGE-IEF method

Beta-lactamases were typed by using IEF method. For that reason polyacrylamide gel
containing ampholyte (pH 3-10, Sigma Chem. Co.) was prepared. Twenty five microliter of
bacterial sonicates including beta-lactamase were mixed with 5 ul 50% glycerol and 20 ul of
this mixture was dropped into the pores of the gel. Five microliter from each of the reference
enzymes, whose isoelectric points were known, such as TEM-1 (pl 5.4), OXA-1 (pl 7.4), SHV-
1 (pI 7.6), and IEF standard marker was dropped into the gel. The IEF of polyacrylamide gel
was performed for 1.5 h according to the instruction manuel (111 Mini [EF, Bio-Rad) (12). At
the end of the IEF process nitrocefin solution was added on the gel and diffused in order to
make beta-lactamase bands visible. The distance to the anode of beta-lactamase bands which
appeared in red color was indicated on the paper and photographed.

RESULTS

The presence of ESBL was detected in 12 (23%) of 52 K. pneumoniae strains that are UTI
agents. The antibiotic susceptibility investigated by disk diffusion method, CAZ and CTX MIC
values determined by E-test and the isoelectric points of ESBL (+) K. pneumoniae strains were
indicated in the Table 1.

A band pattern focusing around pl: 7.6 only was identified during the IEF in the 8 (67%) out
of the 12 strains. In 2 (17%) strains there was a band pattern focusing around pl: 8 T together
with pl: 7.6. While 3 band patterns of pl: 5.4, 7.6 and 8 T was observed in one strain (8%), in
another strain (8%) only one band pattern focused at pI: 8 T was observed (Figure 1).

DISCUSSION

In this study the presence of ESBL with DDST was determined in 12 (23%) of the 52 K.
pneumoniae strains causing UTI. While the 3rd generation cephalosporins and aztreonam zone
diameters of the strains were examined, it was seen that, with at least one antibiotic, ESBL
preliminary indicator was present in 6 strains. A band pattern focusing around pl: 7.6 was
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determined by IEF method in the 11 of 12 strains. CAZ and CTX MIC values in 5 of these
strains were 16 ug/mL and over, and 12 pg/mL and over respectively. When their isoelectric
points were considered, it was observed that these enzymes were suggesting SHV-2. SHV-2
with pl: 7.6, which is prevalent all over the world including Turkey, sustains high level
resistance against broad spectrum cephalosporines (13, 14).

Table 1. The antibiotic susceptibility determined by disk diffusion method, CAZ and CTX
MIC values identified by E-test and IEF patterns of K. pneumoniae strains producing ESBL.

Strains AMC ATM CAZ CTX CXM AMP IPM PRL CF CAZ CTX pl
pg/mL  pg/mL

1 I S S S R R S R R 025 003 76

2 S S S S S R S R R 1 0,03 7.6

3 I S S S S R S R R 075 003 76

4 S R R 1 R R S R R 128 12 76,87

5 S R R 1 R R S R R 64 32 7.6

6 I R R I R R S R R 25 12 7.6

7 S S S S R R S R R 05 0,06 76,871

8 S S S S I R S 1 R 05 0,01 7.6

9 S S S S S R S R R 002 001 76

10 S R R R R R S R R 32 64 7.6

11 R S S S R R S R R 15 0,09 g7t

12 S I I I R R S R R 16 16 5.4,7.6,
8T

AMC: Amoxicillin-Clavulanic acid, ATM: Aztreonam, CAZ: Ceftazidime, CTX: Cefotaxime,
CXM: Cefuroxime, AMP: Ampicillin, [IPM: Imipenem, PRL: Piperacillin, CF: Cephalothin
S: Susceptible, I: Intermediate, R: Resistant
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Figure 1. Beta-lactamases typing of TEM- 1, OXA-1, SHV-1 and 1 (positive control), 2 (strain
6), 3 (strain 10), 4 (strain 4), 5 (strain 5), 6 (negatif control) by using PAGE-IEF method.
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In a study of Cavusoglu et al. (15), 11 of the 20 K. pneumoniae strains had band paterns pl:
7.6. As 7 of these strains had CAZ and CTX MIC values over 16 ug/mL, it was thought that
they might have beta-lactamase bands in SHV-2 type. In another study from our country, Giilay
et al. found the same band patterns in 1999 (16).

In this study, the MIC values of in 7 of CAZ or CTX the strains were below 16 pg/mL. SHV-
2 gene in these strains might have been transferred by weak-promotor including genes.
Although SHV-2 sustains high level resistance against broad spectrum cephalosporins, SHV-2
genes encoding weak promotor genes showed low level of ESBL activity and their MIC levels
were lower. Another possibility was that those strains might have contained SHV-6 ESBL.
SHV-6 with pl: 7 provides lower MIC values for CAZ and CTX. Nowadays, having 3-4
different beta-lactamases is frequent for the plasmid encoding ESBL containing microorganisms
(13, 15).

In this study in 2 of the 11 strains, where a band pattern focusing around pl: 7.6 was
identified, a second band pattern focusing over pl: 8 was observed. Three band patterns with pl:
5.4, 7.6, and over 8 were identified in one of the strains. In another strain only one band pattern
focusing over pl: 8 was seen. MIC values for CAZ and CTX of the strain which had 3 beta-
lactamase bands were 16 pg/mL. Beta-lactamase band focusing pl: 5.4 of that strain suggested
TEM-7 which had low level resistance to 3rd generation cephalosporins. The MIC values of
CAZ and CTX in strain no: 11 containing beta-lactamase with pl over 8 were below the
susceptibility levels. Beta-lactamase type confirming these characteristics could not be
identified.

In the study of Steward et al. (17), of the 139 K. pneumoniae strains, 117 strains were
considered as ESBL producer by disk diffusion and 114 strains microdilution method. In 23
strains, although ESBL was not shown by microdilution method, TEM and SHV genes were
detected by PCR. While in 138 of 139 strains, TEM and SHV genes were observed by PCR,
136 of 139 strains have TEM (pl: 5.2-6.5) and SHV (pl 7-8.2) type band patterns by IEF
method. It was also detected that although three strains had SHV genes by PCR, their band
patterns were not resemble to SHV enzymes. Researchers indicated that IEF method is
diagnostic for investigation and typing of beta-lactamase enzymes.

In a study from China (18), ESBL were investigated by DDST and E-test and typed by IEF
method in 14 K. pneumoniae. These strains produced beta-lactamases with pl: 5.4-8.4. It was
seen that although ceftazidime MIC’s of ten isolates were below 2 pg/mL, the enzymes
produced by these strains had pl values of 7.6 and or 8.4. It was reported that beta-lactamases
with pl: 7.6 might be identical to SHV-1, 2, 6,7, 8, and 11.

In a hospital in Taiwan, ESBL were detected in 31 of 104 K. pneumoniae by DDST and E-
test. It was found that 22 of these strains had beta-lactamases identical to SHV-5 and 2 strains
had beta-lactamases identical to SHV-2 (19).

In another study (20), ESBL were identified in 13 of 21 K. pneumoniae. It was seen that six
strains produced beta-lactamases with pl 7.6 and seven produced beta-lactameses with pI 8.2. It
was though that these enzymes were consistent with SHV-2a and SHV-12, respectively.

In a study performed in Mexico, TEM (pl: 5.4), SHV-1 (pl: 7.6), and SHV-5 (pl: 8.2) type
ESBL were detected in 31 K. pneumoniae (21).

CONCLUSION

In this study out of 12 K. pneumoniae strains, ESBL presence was determined in 5 strains
using DDST and in 7 strains by evaluating their ATM, CAZ and CTX zone diameters. The MIC
values of CAZ and CTX of the strains producing ESBL by DDST were comparatively higher
than the MIC values of the other strains. The evaluation of the IEF patterns of the strains
indicated that except one strain, 11 of the strains had bands of pl: 7.6. The results of the study
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indicated that the use of DDST alone was not sufficient in the determination of ESBL in K.
pneumoniae strains and that beta-lactamase genes should be identified initially in matching the
beta-lactamase bands with corresponding enzymes in IEF method.
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