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PREVALENCE AND MOLECULAR CHARACTERIZATION
OF EXTENDED SPECTRUM BETA-LACTAMASES (ESBLS)
PRODUCING ESCHERICHIA COLI AND KLEBSIELLA PNEUMONIAE
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Abstract: The aim of this study was to determine the prevalence of ESBL-pro-
ducing Escherichia coli and Klebsiella pneumoniae as well as genes encoding ESBLs.

Material and methods: A total of 1207 non-repeat isolates of E. coli and K.
pneumoniae were obtained from urine, tracheal aspirate, wound swab and blood from
patients hospitalized at the University Clinics in Skopje. ESBL set and E-test were used
for phenotypic detection of ESBL-production. Multiplex PCR was used to identify genes
for different types of ESBLs in 100 ESBL positive strains (E. coli-52 and K. Pneumo-
niae-48), randomly selected.

Results: Out of 804 E. coli isolates and 403 K. pneumoniae isolates, 126 (15.7%)
and 125 (31%) isolates were ESBL producers, respectively. The prevalence of ESBL-
positive strains of E. coli in surgery clinics (42 out of total of 211-19.9%) and K. Pneu-
moniae (61 out of a total of 161-37.9%) was higher compared to those in the clinics of inter-
nal medicine (84 out of 593-14.2%) and (64 out of 242-26.4%), respectively. Only 87 of
ESBL positive isolates could be typed for one or more genes. Among the isolates of E. coli
and K. pneumoniae harbouring a single ESBL gene (39%), blasyy, blartpm and blacrx.y were
present in 19.5%, 16% and 3.4% strains, respectively. Two or more genes for ESBL were
present in 61% of ESBL isolates; blargm + blasyy being the most common combination.

Conclusion: The majority of strains harboured two or more ESBL genes and
the most common phenotypes were TEM, SHV and CTX-M. Identification of the genes
is necessary for the surveillance of their transmission in hospitals.

Key words: ESBL, Escherichia coli, Klebsiella pneumoniae, prevalence, multiplex PCR.
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Introduction

Extended-spectrum beta-lactamases (ESBLs) were first described in the
1980s in Klebsiella species and later they have been detected in E. coli and
other genera of the Enterobacteriaceae family. ESBLs are the rapidly evolving
group of B-lactamase enzymes which have the ability to hydrolyze all cephalo-
sporins and monobactams, but are inhibited by B-lactamase inhibitors, such as
clavulanic acid [1].

ESBLs are undergoing continuous mutation, causing the development
of new enzymes showing expanded substrate profiles. At present, there are
more than 300 different ESBL variants. TEM (Temoniera) and SHV (sulphy-
dryl variable) were the major types. However, CTX-M type (predominantly
hydrolyze cefotaxime) is increasingly becoming important [2]. Variants derived
from TEM and SHV enzymes and CTX-M-ESBLs (derived from other sources)
are defined as "classical ESBLs". Various B-lactamases conferring wider resi-
stance than their parent types but not meeting the definition for group 2be; e.g.,
OXA-types (OXA-ESBLs) and mutant AmpC-types (plasmid-borne AmpC-like
enzymes, such as DHA), with increased activity against oxyimino-cephalospo-
rins and with resistance to oxacillin and cefoxitin, respectively, were "ESBLs of
growing importance" [3].

ESBL are an important cause of transferable multidrug resistance in
gram-negative bacteria throughout the world. These bacteria have spread rapidly
and have become a serious threat to human health worldwide. Determination of
ESBL genes by molecular techniques in ESBL producing bacteria and their
pattern of antimicrobial resistance can supply useful data about their epidemio-
logy and risk factors associated with these infections [1, 4, 5].

In Macedonia, few studies have been undertaken to determine the
prevalence of ESBL-producing E. coli and Klebsiella pneumoniae [6, 7, 8].
However, B-lactamases were not molecularly characterized in these studies.
Therefore, the present study was carried out to determine the prevalence of
ESBL positive strains of E. coli and Klebsiella pneumoniae in the University
Clinics in Skopje as well as genes for the TEM, SHV, CTX-M, OXA and DHA
types of ESBL enzymes.

Material and methods

Bacterial isolates

A total of 1207 consecutive non-repeat isolates of E. coli and Klebsiella
pneumoniae (K. pneumoniae) were obtained from different clinical specimens
such as urine, tracheal aspirate, wound swab, blood, etc. over a one-year period
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from patients hospitalized at the Surgery and Internal Medicine University
Clinics (UC) in Skopje. The isolates were identified on the basis of conventio-
nal microbiological procedures.

Antimicrobial susceptibility testing

Susceptibility of all isolates was determined by the disk diffusion
method on Mueller-Hinton agar (Oxoid, UK) following the zone size criteria as
recommended by the Clinical and Laboratory Standards Institute (CLSI). The
antibiotic (concentrations in pg) tested included cefixime (5), ceftriaxone (30),
amoxicillin-clavulanic acid (20/10), piperacillin (100), piperacillin/tazobactam
(100/10), gentamicin (10), ofloxacin (10), ciprofloxacin (5), co-trimoxazole
(1.25/23.75), amikacin (30), imipenem (10), cefepime (30), meropenem (10).

ESBL screening and confirmation by phenotypic methods

The isolates showing resistance to one or more 3" generation cephalo-
sporins were tested for ESBL production by the double disk diffusion test
(DDDT) using three pairs of cephalosporins and their combinations with clavu-
lanic acid (ESBL set, Mast Diagnostic). ESBL set contains 3 paired sets of
cephalosporins (ceftazidime-CAZ; cefotaxime-CTX and cefpodoxime-CPD) and
cephalosporins with clavulanic acid-CA (CAZ + CA; CTX + CA and CPD + CA).
The inoculum and incubation conditions were the same as for standard disk
diffusion recommendations. A > 5 mm increase in zone diameter for either anti-
microbial agent tested in combination with clavulanic acid versus its zone when
tested alone was designated as ESBL positive.

ESBL E-test

All the isolates positive by ESBL set were further confirmed by the
ESBL E-test method (BioMerieux) using strips impregnated with a gradient of
different concentrations (0.5-32 pg/ml) of CAZ on one side and on other side
different concentration of CAZ (0.064—4 ng/ml) along with a fixed concentra-
tion of clavulanic acid (4 pg/ml). The other strip was with gradient of concen-
tration (0.25-16 pg/ml) of CTX at one side and at the other side different
concentration of CTX (0.016—1 pg/ml) with a fixed concentration of clavulanic
acid (4 pg/ml). The presence of ESBL was confirmed by the appearance of a
phantom zone or when CAZ MIC and CTX MIC are reduced > 3 log; dilutions
in the presence of clavulanic acid as per manufacturer guidelines.

K. pneumoniae ATCC 700603 was used as a positive control (presence
of blasyy gene) and Escherichia coli ATCC 25922 was used as a negative
control (obtained from American Type Culture Collection, USA), for both phe-
notypic methods and for multiplex PCR.
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Multiplex PCR for TEM, SHV, CTX-M, OXA and DHA genes

A total of 100 ESBL positive strains (E. coli-52 and K. pneumoniae-48)
were randomly selected to detect the presence of genes.

Genomic DNA was prepared from overnight cultures grown on Brain-
Heart Infusion Broth (Oxoid, UK) with agitation at 250 rpm at 37 degrees. After
centrifugation of 2 ml broth at 14 000 rpm for 10 min, 100 pl distilled water
was added to the pellet. After suspension of the pellet, centrifugation was repea-
ted at 14 000 rpm for 5 min. 100 pl distilled water was added to resuspend the
pellet. After boiling for 10 min, Eppendorfs were placed on the ice. The upper
layer was used as crude DNA.

Suitable primers for two multiplex PCR reactions each targeting dif-
ferent regions were designed. The first multiplex assay (named Set I) was desig-
ned to detect TEM, SHV, CTX-M IV group and OXA f-lactamase encoding
genes, and the second assay (named Set II) was designed to detect CTX-M 1
group, CTX-M II group and DHA encoding genes.

Table 1
Primers contained in Set I and Set II assays
Assay |Primers Primer sequence 5° = 3’ Size (bp)
CTX-MIVF GACAAAGAGAGTGCAACGGATG 501
Set | CTX-MIVF TCAGTGCGATCCAGACGAAA
TEM F AGTGCTGCCATAACCATGAGTG 431
TEM R CTGACTCCCCGTCGTGTAGATA
OXAF ATTATCTACAGCAGCGCCAGTG 296
OXAR TGCATCCACGTCTTTGGTG
SHV F GATGAACGCTTTCCCATGATG 214
SHV R CGCTGTTATCGCTCATGGTAA
Setll |[CTX-MIF TCCAGAATAAGGAATCCCATGG 621
CTX-M IR TGCTTTACCCAGCGGTCAGAT
CTX-MIIF ACCGCCGATAATTCGCAGAT 588
CTX-MIIR GATATCGTTGGTGGTGCCATAA
DHAF GTGGTGGACAGCACCATTAAA 314
DHA R CCTGCGGTATAGGTAGCCAGAT

Both PCR reactions were performed under identical conditions.

Amplification reactions were performed in a 25 pl volume containing
2.5 pl of 10X PCR reaction buffer with a MgCl, (15 mM), 0.5 pl (200 uM)
deoxynucleoside triphosphates mix (dNTPs, 10 mM), 1 pl (each) primers (10
pm/ul) with 0,5 pl (5 U/ul) Tag DNA polymerase. Five microlitres of the tem-
plate DNA preparation was added to the reaction mixture.
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Both assays used identical cycling conditions. Reactions were perfor-
med in a DNA thermal cycler under the following conditions: denaturation at
94°C for 5 min followed by 30 cycles at 94°C for 1 min, 61°C for 1 min and
72°C for 1 min and a final extension of 72°C for 5 min. After PCR amplifica-
tion, 10 pl of each reaction was separated by electrophoresis in 1.5% agarose
gel. Both assay products were electrophoreseed for 1 hour at 100 V in 0,5 X
TBE buffer. DNA was stained with ethidium bromide (1 pg/ml) and the gels
were imaged under UV light. PCR amplicon size was calculated by comparison
to molecular weight size marker (1000 bp DNA ladder). All of the Set I and
SET II assays produced single or multiplexed products of the predicted sizes.
Methods have been described previously [4, 5,9, 10, 11].

Statistical analysis

A chi-square test was used to compare the prevalence of ESBL-produ-
cing strains between isolates from hospitalized patients in Surgery Clinics and
those from Clinics of Internal Medicine. The difference between proportions
was used to evaluate the difference between the strains harbouring single ESBL
genes and those with two or more ESBL genes. P-value less than 0.05 was con-
sidered to be statistically significant (p < 0.05).

Results

Out of 804 E. coli isolates and 403 K. pneumoniae isolates, 126 (15.7%)
and 125 (31%) isolates were ESBL producers, respectively.

‘DTotaI number m ESBL+ ‘

E .coli Klebsiella

Figure 1 — ESBL — positive strains out of a total number of E. coli
and Klebsiella pneumoniae
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In this study, the same number of ESBL positive isolates was detected
by both phenotypic methods (DDST and E test).
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Clinics of Intemal medicine Surgery clinics Clinics of Intermal medicine Surgery clinics

1 Total E. coll DESBL-positive E. col ‘I Total K. pneumoniae 0 ESBL-positive K. pneumomae‘

Figure 2 and 3 — Prevalence of ESBL-positive E. coli
and K. pneumoniae in the University Clinics

The prevalence of ESBL-positive strains of E. coli and K. pneumoniae
in Surgery Clinics (42 out of a total of 211-19.9%) and (61 out of total of 161—
37.9%) was higher compared to that in the Internal Medicine Clinics (84 out of
593-14.2%) and (64 out of 242-26.4%), respectively. This difference was not
statistically significant (p > 0.05).

ESBL-positive K. pneumoniae strains were more prevalent in Surgery
Clinics compared to ESBL-positive E. coli strains. This difference was statisti-
cally significant (p = 0.000), whereas in Internal medicine Clinics the difference
in prevalence of ESBL-positive K. pneumoniae and E. coli strains was not sta-
tistically significant (p = 0.065).

Amplification profiles of each primer set for the Set I and Set II multi-
plex assays are shown on the following figures.

- -
Ll d - - e M E1 E2 E3
[(AM E1 E2 E3 E4 ES E6 ET K1 K2 K3 K4 KT

B W W -

et e

Figure 4 — Multiplex PCR-Set I: M (mole- Figure 5 — Multiplex PCR-Set I1: M
cular marker); E1-E6 E. coli, ET — negative (molecular marker); EI-E6 E. coli, ET — ne-
control; K1-K4 K. pneumoniae; KT — positive gative control); K1-K4 K. pneumoniae,
control E1- TEM (431 bp); E2-OXA (296 bp); KT — positive control
E3, E4-TEM, OXA; E5, E6-TEM; EI-CTX-M II (588 bp); E2-CTX-M 11, DHA
KI-TEM, OXA, SHV (214 bp), (314 bp); E3-E6- CTX-M 1I; K1-K4
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Both multiplex assays were performed on the same isolates (6 E. coli
isolates and E. coli negative control; 4 K. pneumoniae isolates and K. Pneumo-
niae positive control). Therefore, the total number and types of ESBL enzymes
can be seen in both figures (Fig 4 and Fig 5). For example, E1 isolate has two
enzymes: TEM (431 bp) seen in Fig 4 and CTX-M-II (588 bp) seen in Fig. 5.

Table 2

Extended spectrum p-lactamase (ESBL) genotypes in E. coli and K. pneumoniae strains

Positive by PCR for ESBL genes Number amplified
E. coli K. pneumoniae Total
(n=46) (n=41) N =87 (%)
A. Single ESBL gene 17 17 34 (39%)
blargy only 11 3 14 (16%)
blagyy only 4 13 17 (19,5%)
blacyx.y only 2 1 3 (3.4%)
B. Two or more ESBL genes 29 24 53 (61%)
blargy + blagyy 8 6 14 (16%)
blargm + blacrx.m 6 3 9 (10.3%)
blagyy + blacrxm 0 2 2 (2.3%)
blapxs + blacrxum 7 2 9 (10.3%)
blargy + blagyy + blactx.m 3 2 5 (5.7%)
blaggy + blagxa + blactx.m 4 2 6 (6.9%)
blapxa + blacrx.m + blapua 1 0 1 (1.1%)
blarpy + blagyy + blagxa + blacrx.m 0 7 7 (8%)
Not determined by PCR 6 7 13 (14.9%)

Genomic DNA isolated from 100 phenotypic confirmed ESBL-produ-
cing organisms (E. coli-52 and K. pneumoniae-48) were subjected to PCR using
7 pairs of primers. Only 87% of ESBL positive isolates could be typed for one
or more genes. Among the isolates harbouring single ESBL gene (39%), blaspy,
blartgy and blactx.m were present in 19.5%, 16% and 3.4% strains of E. coli and
K. pneumoniae, respectively. There were no strains harbouring a single OXA and
DHA type beta-lactamase. The equal number of strains of E. coli and K. Pneu-
moniae had a single ESBL gene, although TEM and SHV types of ESBL were
frequently found in E. coli (11/17) and K. pneumoniae (13/17), respectively.

Two or more genes for ESBL were present in 53 (61%) of the 87 ESBL
typeable isolates, blargy + blasyy being the most common combination (16%),
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followed by blatem + blactxm and blaoxa + blactxa (10.3% each). Eight strains
of E. coli and 4 strains of K. pneumoniae harbour 3 genes for ESBL. The most
common combination was blatem + blaoxa + blactxm (6.9%). Only 7 strains of
K. pneumoniae (8%) and none of E. coli harbour 4 genes for ESBL blatem +
blasyy + blaoxa + blactx.m. There is a difference between strains harbouring
two or more genes (61%) compared to those with a single ESBL gene (39%).
This difference is statistically significant (p = 0.024).

There were 13 strains (14.9%) tested positive for ESBL using pheno-
typic tests, but negative with PCR. The negative amplification in these isolates
may be due to other ESBL genes, which could not be detected by these parti-
cular Set I and Set II.

Table 3

Genes detected in isolates either alone or in various combinations

E. coli Klebsiella Total
blatgyv 32 23 55
blagyy 15 30 45
blagxa 12 11 23
blacTxar 16 8 24
blactxan 23 19 42
blacrxmav 0 0 0
blapga 1 0 1

Overall, blatgm was present in 63.3% (55/87) and blagpy in 52% (45/87)
isolates either alone or in combinations. OXA and DHA type beta-lactamases
were present in combination with other enzymes. Blaoxa was present in 26.4%
(23/87) isolates only in combination with other genes. Blapya was present in
only one strain of E. coli in combination with two other genes. Multiplex PCR
was designed to detect three different genes encoding CTX-M enzymes (blacrx
mav 621 bp — detected with Set I) and the second assay (Set 1) was designed to
detect blaCTX_M,I and blaCTX—M-H. BlaCTX—M—I was always co-present with blaCTX_M_H
in 27.6% (24/87) isolates, while blactx.mi Was present in 18 strains without
blactxma, Overall, blactx.mr Was present in 48% (42/87) isolates, either alone
or in combinations. There were no strains harbouring blacrx.m.v.

Discussion

In recent years, the problem of increasing resistance to antibiotics has
threatened the entire world. Production of beta-lactamase, which hydrolyses and
inactivates beta-lactam antibiotics has been one of the most important resistance
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mechanisms of many bacterial species, mainly in the Enterobacteriaceae family.
Resistance to an extended spectrum beta-lactams among gram-negative patho-
gens is increasingly associated with ESBLs.

The correct detection of ESBL producing microorganisms is a chal-
lenge for the laboratories, requiring not only phenotypic tests, but also geno-
typic tests for all genes associated with beta-lactamase production. K. Prneumo-
niae and E. coli are the most prevalent among ESBL-producing microorga-
nisms, confirming international multicentric studies [1, 5, 12, 13].

The use of three distinct substrates in the combined disk tests increased
the sensitivity of the test and cefotaxime and cefpodoxime performed the best.
Tofteland et al. [14] recommended the use of cefpodoxime alone or a combi-
nation of cefotaxime and ceftazidime as preferred substrates for ESBL dete-
ction. We also performed an E test to detect the presence of ESBL and MIC to
two cephalosporins. All ESBL isolates had MIC > 8 pg/ml to cefotaxime and
more than 90% had MIC > 2 to ceftazidime; the majority had a high level of
resistance to both drugs.

The SENTRY Antimicrobial Surveillance Program showed that ESBL-pro-
ducing K. pneumoniae isolates were more prevalent in Latin America (45.5%),
followed by the Western Pacific region (24.6%), Europe (22.6%), the United
States (7.6%) and Canada (4.9%) [15]. In Asia the prevalence of ESBL-pro-
ducing K. pneumoniae and E. coli vary from 5% in Japan to 20-50% in other
countries. In Europe, the prevalence of these organisms varies from country to
country (3% in Sweden to 34% in Portugal) [16, 17, 18]. In this study only data
from hospitalized patients in the University Clinics in Skopje have been shown.
Although E. coli strains were more frequently isolated than K. pneumoniae
strains, the production of ESBLs was more often present in K. pneumoniae. In
our study, the prevalence of ESBL-producing E. coli and K. pneumoniae had
means of 15.7% and 31% respectively.

The prevalence of ESBL-producing bacteria was increasing every year
especially in tertiary hospitals. The major risk factors are long term exposure to
antibiotics, prolonged ICU stay, nursing home residency, severe illness, instru-
mentation or catheterization, length of hospitalization (more than 48 hours of
hospitalization), etc. [19]. In our study, there was a difference (although not sta-
tistically significant) in the prevalence of ESBL-producing E. coli and K. Pneu-
moniae in surgical clinics compared to the one in clinics of internal medicine.
ESBL-positive K. pneumoniae strains were more prevalent in surgery clinics
compared to ESBL-positive E. coli strains. This difference was statistically
significant.

Using specific primers for TEM, SHV, CTX-M, OXA and DHA only
87 (87%) of 100 ESBL positive isolates could be typed for one or more genes.
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The negative amplification in the remaining isolates may be due to the presence
of other ESBL genes, which we did not explore further.

In the present study, 39% and 61% of 87 ESBL typeable isolates har-
bour a single ESBL gene and two or more genes for ESBL, respectively. TEM
and SHV types of ESBL were frequently found in E. coli (11/17) and K. Pneu-
moniae (13/17), respectively. Blagyy and blargy were also co-present with other
genes. Overall, blargy was present in 57.3% (51/87), predominantly in E. coli
(32/51) and blasyy in 49.4% (44/87), predominantly in K. pneumoniae (29/44)
isolates, either alone or in combinations.

Blacrxmg was always co-present with blacrx.my in 27.6% (24/87) iso-
lates, while blacrxmn was present in 17 strains without blactx.mg Overall,
blactxma was present in 47% (41/87) isolates, either alone or in combinations.

In other studies, two or more ESBL genes were present in 57.3% type-
able isolates. The blactx.m Was the most common and was present either alone
or in combination with other ESBL types (13). Pournaras et al. reported an 87%
prevalence of CTX-M enzyme among ESBL producers in a tertiary care hospital
in Greece [20]. In a multi-centric study from Russia, CTX-M gene was reported
in 35.9% of E. coli and 34.9% of K. pneumoniae ESBL strains [21]. In a
nationwide survey in Italy, CTX-M producing strains were reported with remar-
kably variable rates among the centres (1.2-49.5% of the ESBL producers) [22].

Another study summarized 50%, 14.9% and 11.7% ESBL rates for
TEM, SHV and CTX-M type beta lactamases, respectively. TEM and CTX-M
type ESBL were observed in 72.7 and 22.7% of E. coli isolates, respectively.
SHYV type ESBL was frequently found in K. pneumoniae (53%) isolates [1].

To conclude, phenotypic methods are only screening methods for dete-
ction of ESBLs in a routine laboratory. The prevalence of ESBL-producing E.
coli and K. pneumoniae had means of 15.7% and 31%, respectively. The pre-
valence of ESBL-producing E. coli and K. preumoniae in surgical clinics was
higher compared to that in clinics of internal medicine.

The genotypic methods help us to confirm the genes responsible for
ESBL production. The majority of our strains harboured two or more ESBL
genes and the most common phenotypes were TEM, SHV and CTX-M. We used
a multiplex PCR for the detection of blargm, blasnvy, blactx-m, blaoxa, and blapna
genes in ESBL-producing E. coli and K. pneumoniae. This method provided an
efficient, rapid differentiation of ESBLs. The correct identification of the genes
involved in ESBL-mediated resistance is necessary for the surveillance and
epidemiological studies of their transmission in hospitals. Appropriate antibiotic
policy and infection control measures in hospital settings are crucial to
overcome the problems associated with infections by ESBL-producing strains.
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Pesume
INPEBAJIEHIIA 1 MOJEKYJ/IAPHU KAPAKTEPUCTUKU
HA ESCHERICHIA COLI 1 KLEBSIELLA PNEUMONIAE
HTO ITPOAYIHUPAAT BETA TAKTAMA3HN
CO MPOIIUPEH CIIEKTAP (ESBLs)
Kadranguesa A., Tpajkoscka-Tokuk E., ITanosckn H.
Hnctuuiniyivi 3a muxpobuoaozuja u napasuiionozuja, Meouyurcku garxyaitieit,

Yuueepsuitieii ,, Ce. Kupuna u Mewmioouj*, Ckoiije, P. Maxedonuja

AmncrpaxkT: Len Ha cTymujaTa e ma ce offpequ mpeBajieHnarTa Ha E. coli n
K. pneumoniae xon npogyimpaaT ESBL, Kako ¥ TeHUTE IITO T KOiUpaaT OBUE €H3UMU.
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Maiuepujan u meitioou: Bkynuo 1 207 coeBu Ha E. coli n K. pneumoniae
(Kp) 6ea m3ommpaHy Off ypyHA, TpaxeaseH aclupaT, paHa, KpB Off MAIMEHTH XOCIIH-
TaIM3NpPaHA BO Y HUBEP3UTETCKUTE KIMHUKH BO Ckomje. OceTanmBOCTa KOH aHTH-
MHUKPOGHM areHcu Oellle ofjpefieHa co AucK Audy3noHeH MeTod, a ESBL cetoT n
E-tecror Gea mpuMmeHeTn 3a (peHOTHUICKA JeTeKIMja HA MpopykuujaTa Ha ESBL.
3a upeHTU(UKANMja HA TEHUTE 3a pa3inyHu TunoBu Ha ESBL Oelle nmpumeHeT
Multiplex PCR (nosmmepa3sua BepukHa peakuuja) Kaj BKynHo 100 coeBu Kou npo-
nynupaat ESBL (E. coli-52 n Kp-48), cenexkrrpanu 1o ciy4yaeH u3oop.

Pezyainaiuiu: On 804 w3onatu Ha E. coli, 126 (15,7% ) npogymupaa ESBL,
a o 403 uzonatu Ha Kp, 125 (31%) npopyuupaa ESBL. I1peBanennara na ESBL-
nmo3uTHBHUTE coeBU Ha E. coli (42 op BkymHO 211-19,9%) u Ha Kp (61 o BKymHO
161-37,9%) on XMpYpIIKKATE KIMHUKY Oellle MMOBUCOKA CIIOPEeHa cO NpeBajeH-
1jaTa Ha KJIMHUKUTE 1O nHTepHa Mepununa (84 of BKynHo 593-14,2% coesu Ha E.
coli m 64 on BKymHO 242-26,4% coeBu Ha Kp).

Kaj 87 ECBJI-no3utuBHE coeBM Oca JETEKTHUPAHM €feH WM IOBeKe
rern. Of coeBute Kaj Kou Geliie aeTektupan 1o efeH red (39%), blagyy reHoT
Oemre meTekTHpaH Kaj 19,5%, blagy Kaj 16% u blacrx.m Kaj 3,4% ox coesure. [IBa
U nmoBeKe T'eHu Oea fieTekTupanu kaj 61 % ox ESBL-no3utuBHUTE M30naTt. KoM-
OunHanujaTa Ha blagyy u blargy Oelle HajuyecTa.

3akayuok: TloBeKeTo coeBH BKIYYEHM BO CTyAWjaTa COlpXkKea ABa W
moBeKe reHn u Hajuectn 6ea TEM, SHV n CTX-M tunosure Ha ESBL. UnenTn-
¢uKkanyja Ha reHUTE KON KOAupaaT cuHre3a Ha ESBL e HeonmxoHa 3a ClIeIeHETO
Ha HUBHATA TPAHCMICHja BO OOJTHUYKA CPEAVHA.

Knyunu 360opoBu: ESBL, Escherichia coli, Klebsiella pneumoniae, npeBanesna, Mul-
tiplex PCR.
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