ORIGINAL ARTICLE

Molecular epidemiology and antimicrobial susceptibility

of AmpC- and/or extended-spectrum (ESBL) B-lactamase-
producing Proteus spp. clinical isolates in Zenica-Doboj Canton,
Bosnia and Herzegovina

Selma Uzunovié', Amir Ibrahimagic', Branka Bedeni¢?®

"Department for Laboratory Diagnostics, Institute for Public Health and Food Safety, 2School of Medicine, University of Zagreb, *Clinical
Department of Clinical and Molecular Microbiology, University Hospital Center Zagreb; Zagreb, Croatia

Corresponding author:

Amir Ibrahimagic¢

Department of Laboratory Diagnostics,
Institute for Public Health and Food Safety
Zenica

Fra Ivana Jukica 2, 72000 Zenica,

Bosnia and Herzegovina

Phone: +387 32 443 580;

Fax: +387 32 443 530;

E-mail: ibrahimagic.amir@gmail.com

Original submission:
14 March 2016;
Accepted:

04 April 2016.

doi: 10.17392/853-16

Med Glas (Zenica) 2016; 13(2):103-112

ABSTRACT

Aim To investigate prevalence, antimicrobial susceptibility, mo-
lecular characteristics, and genetic relationship of AmpC- and/
or extended spectrum beta lactamase (ESBL)- producing Proteus
spp. clinical isolates in Zenica-Doboj Canton, Bosnia and Herze-
govina.

Methods Antibiotic susceptibility was determined by disc diffusi-
on and broth microdilution methods according to CLSI guideli-
nes. Double-disk synergy test was performed in order to screen for
ESBLs, and combined disk test with phenylboronic acid to detect
AmpC B -lactamases. PCR was used to detect bla,, /bla_ genes.
Genetic relatedness of the strains was determined by pulsed-field-

gel-electrophoresis (PFGE).

Results Eleven ESBL-producing isolates were included in the
study (six inpatients and five outpatients). Susceptibility rate to
amoxicillin-clavulanic acid, imipenem and meropenem was 100%.
Resistance rate to cefuroxime was 100%, gentamicine 90.9%, pi-
peracillin/tazobactam 81.8%, cefotaxim, ceftriaxone and ceftazi-
dime 72.7%, cefoxitine and ciprofloxacine 63.6% and to cefepime
45.5%. In five (out of 11) isolates multi-drug resistance (MDR) to
cephalosporins, cefamicines, amynocligosides and fluoroquinolo-
nes was detected. Besides TEM-1 which was detected in all iso-
lates, CTX-M+OXA-1 B-lactamases were detected in seven (out
of 11; 63.6%) isolates (five bla.., ., and two bla . . genes),
and CMY-2 B-lactamase in two isolates. PFGE showed no genetic
relatedness.

Conclusion Because of high prevalence of MDR strains in epide-
miologically unrelated patients with AmpC- and/or ESBL produ-
cing Proteus spp. infection, further surveillance is needed. Mole-
cular characterization and strain typing, or at least phenotypic test
for AmpC/ESBL production is important for appropriate therapy
and the detection of sources and modes of spread, which is the
main step in order to design targeted infection control strategies.
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INTRODUCTION

Proteus spp. cause various human infections and
it was firstly documented as extended-spectrum
beta-lactamase (ESBL)-producer in 1987 (1). Pro-
teus spp. were susceptible to beta ()-lactam anti-
biotics (2), but progressive increase of resistance
to beta-lactam antibiotics mediated by the produc-
tion of acquired beta-lactamases has occurred (3).
Extended-spectrum [ -lactamases showing acti-
vity to extended-spectrum cephalosporins have
also started to spread, including most frequently
TEM-type derivatives, but also other enzymes (4).
Numerous outbreaks of infections with organisms
producing ESBLs have been observed in many
countries (5-7). Resistance to beta-lactam drugs
is caused by chromosomal and plasmid encoded
enzymes (5). Horizontal acquisition of AmpC
B -lactamases represents an important driver of
increasing resistance in Europe, and it is associated
with the clonal expansion of resistant strains (8).
The organism has achieved ability to cause infecti-
ons leading to prolonged hospital stay, an increase
of morbidity and mortality, and consequently an
increase of health care associated costs (9).

ESBL-producing Gram-negative isolates are re-
sistant to extended-spectrum cephalosporins and
monobactams, except cefamycins, carbapenems,
and B-lactam/ B-lactamase inhibitors; AmpC be-
ta-lactamases producing isolates are resistant to
penicillins, cephalosporins, cephamycins, mono-
bactams and B-lactam/B-lactamase inhibitor, but
usually sensitive to carbapenems (10). Proteus
spp. are intrinsically resistant to nitrofuranto-
in and tetracycline. Although Proteus spp. are
intrinsically susceptible to aminoglycosides,
fluoroquinolones, and trimethoprim-sulfamet-
hoxazole, co-resistance to these drugs has been
frequently reported among ESBL-producing
Proteus spp. isolates, and the treatment is often
limited to carbapenems (11). Reportedly, suscep-
tibility of Proteus spp. to B-lactam/B-lactamase
inhibitors, ciprofloxacin, and third generation
cephalosporins varies widely, 74- 94%, 60- 90%,
and 90- 99%, respectively, depending on pati-
ents’ age, gender, hospital department, duration
of hospitalization and infection type (12).

The ESBLs commonly reported among Pro-
teus spp. are TEM and CTX-M, while other
ESBLs (SHV, TEM p-lactamase inhibitors)
are less frequent (13). TEM, CTX-M and other

B-lactamases have been detected among isolates
from Iran (1), France (2), Saudi Arabia (14), Italy
(15), and Japan (16).

Investigations of molecular characteristics and
epidemiology of B-lactamase producing Proteus
spp. in Bosnia and Herzegovina (B&H) are scar-
ce. TEM, CTX-M and AmpC genes have been
recently reported in Gram-negative bacteria,
including Proteus spp., causing urinary tract in-
fections in Zenica-Doboj Canton (17).

The aim of the study was to investigate molecular
epidemiology and genetic relatedness of AmpC
B-lactamase- and ESBL-producing Proteus spp.
inpatient and outpatient isolates, as well as their
antimicrobial susceptibility.

MATERIALS AND METHODS

Setting, bacterial isolates and study design

During the period December 2009 - May 2010,
the total of 9092 and 16037 samples from the
inpatients and outpatients, respectively, were
collected at the Microbiology Laboratory of the
Cantonal Hospital Zenica. Among inpatients,
Gram-negative bacteria were isolated from 1254
(72.7%) samples, of which ESBL and/or AmpC
B-lactamase producing bacteria were detected in
126 (out of 1254, 10%) samples; Proteus spp.
were isolated from 201 (out of 1254, 16.0%)
samples, of which 27 (out of 201; 13.4%) were
ESBL and/or AmpC B-lactamase producing iso-
lates. Among outpatients, Gram-negative bac-
teria were isolated from 2857 (80.9%) samples,
of which 184 (6.4%) were ESBL- and/or AmpC
B-lactamase producing bacteria; Proteus spp.
were isolated from 365 (out of 2857; 12.8%)
samples, of which 26 (out of 365; 7.1%) were
B-lactamase producing isolates.

Among 53 ESBL- and /or AmpC B-lactamase-
producing Proteus spp. (27 in- and 26 outpati-
ents), 11 (six inpatient and five outpatient) were
available for further analysis.

Institutional review board approval from the Et-
hics Committee of the Cantonal Hospital Zenica
was obtained prior to the initiation of the study.

Antimicrobial susceptibility testing

Susceptibility testing to 12 antimicrobials was
performed by a twofold microdilution technique
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according to CLSI (Clinical and Laboratory
Standards Institute) standard procedure (18):
amoxycillint+clavulanic acid (AMC), cefazolin
(CZ), cefuroxime (CXM), ceftazidime (CAZ),
cefotaxime (CTX), ceftriaxone (CRO), cefoxi-
tin (FOX), cefepime (FEP), imipenem (IMP),
meropenem (MEM), gentamicin (GM), and ci-
profloxacin (CIP). The following MIC resistan-
ce breakpoints were used: >32 for amoxicillin/
clavulanic, cefazolin, cefuroxime, ceftazidime,
cefoxitime and cefepime; >64 for cefotaxime and
ceftriaxone; >16 for imipenem and meropenem;
>8 for gentamicine; and >4 for ciprofloxacin. E.
coli ATCC 25922 (ESBL negative) and K. pne-
umoniae 700603 (ESBL positive) were used as
quality control strains.

Detection of ESBLs, AmpC beta-lactamases and
carbapenemases

ESBL production was determined by double-
disk-synergy test (DDST). Overnight broth cul-
ture of test strain was diluted in saline, adjusted
to McFarland standard suspension 0.5 and inocu-
lated onto Mueller-Hinton agar (MH); disk con-
taining amoxicillin/clavulanate (20/10 pg) was
placed in the middle of the plate and surroun-
ded (20 mm distance center to center) by disks
containing cefotaxime (5 pg), ceftriaxone (30
ug), ceftazidime (10 pg), and cefepime (30 pg)
(Becton-Dickinson, USA). Plates were incubated
overnight at 37 °C. Any distortion or increase of
the inhibition zones around cephalosporin disks
toward amoxicillin/clavulanate disk was indica-
tive of ESBL production (18).

Production of ESBLs was confirmed by CLSI
combined disk test. Disks containing 30 pg of ce-
fotaxime and ceftazidime, and disks containing a
combination of the two drugs plus 10 pL (10pg )
of clavulanic acid (Becton Dickinson, USA) were
placed independently, 20 mm apart, on a lawn cul-
ture of 0.5 McFarland opacity of the test isolate
on the Mueller-Hinton agar plate and incubated
for 18-24 hours at 35°C. Isolates were considered
ESBL positive if the inhibition zone measured aro-
und one of the combination disks after overnight
incubation was at least 5 mm larger than that of the
corresponding cephalosporin disk (18).

Proteus spp. isolates resistant to extended-spectrum
cephalosporins and f-lactam/ B-lactamase inhibitor
combination (amoxicillin/clavulanic acid) were

screened for production of AmpC B -lactamases by
combined disk test using 3-amino phenylboronic
acid (PBA) (Sigma-Aldrich, Steinheim, Germany).
The stock solution was prepared as previously re-
commended (19) by dissolving PBA (benzenebo-
ronic acid; Sigma-Aldrich, Steinheim, Germany) in
dimethyl sulfoxide at a concentration of 20 mg/mL.
20 uL (containing 400 ug of boronic acid) of the so-
lution was dispensed onto antibiotic disks. The dis-
ks were then dried and used within 60 min. The te-
sts were performed by inoculating Mueller-Hinton
agar by the standard diffusion method and placing
disks containing four different -lactams (CAZ, 10
ug; CRO, 30 pg; CTX, 5 ng; FEP, 30 pg) with or
without boronic acid onto the agar. The agar plates
were incubated at 37°C overnight. The diameter of
the growth-inhibitory zone around a B-lactam disk
with boronic acid was compared with that around
the corresponding B-lactam disk without boronic
acid. The test was considered positive for the detec-
tion of AmpC production when the diameter of the
growth-inhibitory zone around a B-lactam disk with
boronic acid was >5 mm larger than that around a
disk containing the B-lactam substrate alone (20).

Production of carbapenemases of group A or gro-
up B was confirmed by combined disk-test using
meropenem disks with PBA and EDTA (ethyle-
nediaminetetraacetic  acid)  (Sigma-Aldrich,
Steinheim, Germany), respectively (21). Three
meropenem (MEM) disks were placed on Mu-
eller-Hinton agar plate inoculated with test strain.
10 uL of EDTA (300 mg) and PBA (300 mg) was
added on the first and third disks, respectively.
The difference in zone size of >5 mm between
disks with and without EDTA was suggesting
production of carbapenemase group B, and the
difference in zone size of >5 mm between disks
with and without PBA was suggesting production
of carbapenemase group A (21).

PCR detection of b/a
genes

bla_,, bla

CTX-M’ SHV? TEM? and bla KPC

PCR was used to detect alleles encoding ESBL
enzymes.

The presence of bla_,,, blag,, bla . ,,genes was
investigated by polymerase chain reaction (PCR)
using primers and conditions as described pre-
viously (22). Designation of bla genes based on
identified mutations was done according to Bush

K and Jacoby GA (23).
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Primers IS26F (5’-GCG-GTA-AAT-CGT-GGA-
GTG-AT-3) and IS26R (5-ATT-CGG-CAA-
GTT-TTT-GCT-GT-3") were used to amplify
400 bp fragment spanning the link between IS26
insertion sequence and bla ., ,, gene in CTX-M
producing isolate (24, 25).

CTX

Genes encoding carbapenemases of class A
(KPC), class B (MBLs belonging to VIM, IMP
and NDM family) and OXA-48 was detected by
PCR as described previously (21).

Pulsed-field gel electrophoresis (PFGE) of bacte-
rial DNA

Isolation of genomic DNA, digestion with the
Xbal restriction enzyme (Invitrogen) and PFGE
of the resulting fragments was performed as des-
cribed by Kaufman et al (26). The electrophore-
sis was carried out with a CHEF-DRII appara-
tus (Bio-Rad Laboratories, Hercules, CA). The
PFGE patterns were compared following the cri-
teria of Tenover et al. (27) and analyzed by the
GelComparll software (Applied Maths, St Mar-
tens, Belgium).

RESULTS

All Proteus spp. isolates

Infections caused by Proteus spp. were represen-
ted in our sample with 16% and 12.8% prevalen-
ce among Gram-negative bacteria in the inpati-
ents and outpatients, respectively.

A total of 53 ESBL and/or AmpC beta-lactamase
producing Proteus spp. (27 in- and 26 outpati-
ents) were isolated: 22 (41.5%) were from urine
samples (15 from outpatients), 18 (34.0%) from
wound infections (nine from outpatients), three
(5.7%) from stoma, two in each catheter, skin,
and upper respiratory tract (URT, outpatient), and
one in each cannula, ear, genital tract (outpati-
ent vaginal swab) and umbilicus. Samples were
collected from six different municipalities of Ze-
nica-Doboj Canton, predominantly from Zenica
city (56.6%).

Fourteen (out of 27; 51.8%) inpatients were older
than 60 years of age. The duration of hospitaliza-
tion of patients was 3-53 days (median=15). Six
patients were from the Surgery Department, four
from Internal Medicine and four from Neuro-
logy Department, three from Intensive Care Unit
(ICU) and from the Department for Ear, Nose

and Throat each, two from Pediatric and Physical
Medicine and Rehabilitation Departments—each
and one from Oncology, Infection and Urology
Departments each.

Amoxicillin/clavulanic acid, cefazolin and me-
tronidazole were mostly used for the treatment
of infections associated with Proteus spp., in
eight, seven and six cases, respectively; twelve
inpatients received corticosteroid therapy. Nine
patients had positive history of hospitalization
in previous twelve months, and 21 inpatients had
contact with persons with positive history of re-
cent hospitalization.

Fifteen (out of 26; 57.7%) outpatients were 19-
59 years of age. Other data for outpatients were
missing.

Overall resistance rates to cephalexin, cefuroxi-
me, ceftazidime, ceftriaxone, cefotaxime, and
cefepime by disk-diffusion method of 80.4%,
71.7%, 67.9%, 67.9%, 56.4% and 45.3, respec-
tively, were noticed in 53 AmpC- and/or ESBL
producing strains. Resistance rates for cefixime,
trimethoprim/sulfamethoxazole,  gentamicine,
ciprofloxacine, nitrofurantoin, amoxicillin/clavu-
lanic and amikacin were 80.0%, 75.5%, 68.7%,
60.8%, 52.6%, 41.5% and 26.4%, respectively
(data have not shown).

AmpC- and/or ESBL producing Proteus spp.

Eleven (six inpatients and five outpatients)
AmpC- and/or ESBL producing Proteus spp. (se-
ven Proteus mirabilis and four Proteus vulgaris)
isolates were available for further analysis: four
from urine, two wound swabs and one swab of
each stoma, cannula, ear, skin and soft tissue in-
fection (SSTI) and genital tract (vaginal swab).

Antibiotic susceptibility

Susceptibility rate for 11 AmpC- and/or ESBL-
producing Proteus spp. (seven Proteus mirabi-
lis and four Proteus vulgaris) isolates was 100%
for amoxicillin-clavulanic acid, imipenem and
meropenem.

Resistance rate to cefuroxime was100%, to gen-
tamicine 90.9%, cefotaxim, ceftriaxone and cef-
tazidime 72.7% ecach, cefoxitine and ciprofloxa-
cine 63.6% each, and for cefepime 45.5%.

In five (out of 11) isolates multi-drug resi-
stance (MDR) to cephalosporins, cefamicines,
amynocligosides and fluoroquinolones was de-
tected.
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Seven cefoxitin-resistant isolates (five in- and
two -outpatients) additionally showed resistan-
ce to amoxicillin (100%), gentamicine (100%),
the first, second, third cephalosporin generation
(85.7%), ciprofloxacin (71.4%), and cefepime
(42.9%), but they remained sensitive (100%) to
amoxicillin/clavulanic acid.

All outpatient isolates were 100% resistant to
aminoglycosides.

Detection and characterisation of B-lactamases

Eleven Proteus spp. isolates were positive on
B-lactamases by phenotypic test. All isolates pro-
duced nature TEM-1 f-lactamase. No isolates
possessed SHV B-lactamase.

All six inpatient isolates, besides TEM-I
B-lactamase, produced CTX-M B-lactamase (four
isolates harboured bla ., , and two bla.,, \/ s
genes) and OXA-1 B-lactamase; one isolate addi-
tionally co-produced CMY-2 AmpC f-lactamase
(Table 1).

One outpatient isolate, besides TEM-1
B-lactamase, was positive for CTX-M-and OXA-
1 B-lactamase, and one isolate harbored, except
TEM-1, AmpC -lactamase too (bla,,, , gene)
(Table 1).

PFGE typing

Eleven isolates were tested for genetic relatedne-
ss by PFGE typing. Four clones (A-D) and two
singletons were identified among 11 Proteus spp.
using a similarity threshold of 80%. Both clones

A and B consisted of two outpatient isolates. Clo-
ne C comprised three, and clone D consisted of
two inpatient isolates (Figure 1, Table 1).

DISCUSSION

The prevalence of ESBLs in Profeus spp. has an
increasing trend in worldwide, including the Uni-
ted States, Asia and Europe (28). The results of
this study have shown 9.4% ESBL and/or AmpC
producers among 566 Proteus spp. isolated from
clinical specimens, which indicates a low pre-
valence. This result is similar with reports from
Tehran (12%), Japan (7-13%) and Nigeria (8%)
(1,16,29,30). Higher prevalence of ESBL-pro-
ducing Proteus spp. was noticed in India (60%)
(31), Croatia (21%) (32) and Uganda (14%) (33).
Risk factors for infection caused by ESBL and/
or AmpC- beta lactamase producing isolates are
long hospitalization, female sex, older age and
previous treatment with antibiotics (1). Elderly
patients and previous treatment with antibiotics
in this study were factors associated with the
presence of ESBL-producing isolates, and it is
similar to a report from Taiwan (12). Wang et
al. reported that both prior antibiotic use and/or
broad-spectrum antibiotic exposure could result
in acquisition of drug-resistance genes (12). Ba-
sed on our results, 82% ESBL-producers were
obtained from males, and it is similar to reports
from France (2) and Italy (34).

ESBL and/or AmpC- beta lactamase producing
Proteus spp. isolates in this research have shown

Dice (Opt:0.50%) (Tol 3.0%-3.0%) (H>0.0% S>0.0%) [0.0%-100.0%]

PFGEO1

4|

PFGEO01
Gender Isc_)la_te Age Department PFGE
origin clone
M Urine 02 Outpatient 03.02.2010.
M Wound 28 Outpatient 29.01.2010.
M Cannula 66 Neurology 26.12.2009.
M Wound 28 Outpatient 05.03.2010.
F Vagina 58 Outpatient 05.02.2010.
M Stoma 54 Neurology 30.03.2010.
M SSTI 53 Oncology 07.01.2010.
M Ear 49 ENT 09.03.2010.
M Urine 40 Physiatry 29.01.2010.
F Urine 58 Neurology 22.01.2010.
M Urine 01 Outpatient 26.01.2010.

Figure 1. Dendogram shows genetic relatedness of 11 Proteus spp. isolates by PFGE typing using the 80% similarity. Clones A and
B consisted of two outpatient isolates. Clone C consisted of three inpatient, and clone D of two inpatient isolates SSTI, skin and soft

tissue infection; ENT, Ear, nose and Throat;
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highest susceptibility rate to cefepime (64%),
which is far higher than in the Tijjani et al. report
(38%) (30), but susceptibility to cefoxitin and
ciprofloxacin (36% and 40%, respectively) was
similar in both studies. Besides, ten (out of 11)
ESBL-producing isolates were resistant to genta-
micin, which is similar to the reports from Tehran
(1) and France (2).

A patient with the infection caused by ESBL and/
or AmpC- beta lactamase producing Proteus spp.
showed a high-prevalence of MDR to various
classes of antibiotics, which is similar to a report
from Ireland (8). Therefore, infections caused by
such multidrug-resistant strains are more likely
to result in therapeutic failure (1,17).

Clinical and Laboratory Standards Institute
(CLSI) revised the criteria for interpretation of
breakpoints for some beta-lactam antibiotics in
Enterobacteriaceae to achieve easier identifica-
tion of ESBLs and AmpC production (18, 35).
Our results showed that the revised 2014 CLSI
breakpoints (35) have significant (increasing)
impact to resistance in Proteus spp. comparing
to 2009 CLSI (18) for both cefotaxime and
ceftriaxone, 90.9% /72.7%, for cefepime 90.9
/45.5, and even meropenem, 9.1/ 0, respectively.
Similar results were obtained in the report from
Taiwan (12). Resistance for gentamicine was
lower considering CLSI 2014 revised version,
72.7%/90.9%, respectively, because breakpoint
in 2009 was >8, but in revised CLSI 2014 it was
>16. Unfortunately, only 11 AmpC/ESBL- pro-
ducing Proteus spp. isolates were available for
the analysis, and accordingly, there was no po-
ssibility to compare the differences in resistance
between Proteus spp. isolates with and without
ESBL/AmpC production in light of recent 2014
CLSI breakpoint revision toward CLSI 2009 bre-
akpoint. Additionally, analysis of very low num-
ber of AmpC/ESBL producing strains obtained in
this study could resulte in resistance rates bias,
but it has not affected obvious overall increase of
resistance rates considering 2014 CLSI revision
breakpoints comparing to the 2009 one.

All AmpC/ESBL-producing Proteus spp. isola-
tes from this study were susceptible to imipenem
and meropenem according to CLSI 2009 docu-
ment; similarly to the reports from Tanzania (36).
But, resistance to meropenem showed up when
considering CLSI 2014 (in one strain, which has

shown MIC of 8ug/mL). It has usually described
large difference in carbapenem susceptibility
using imipenem different CLSI breakpoints (12).
According to CDC document Facility Guidance
for Control of Carbapenem-resistant Enterobac-
teriaceae (37) for bacteria that have intrinsic imi-
penem non-susceptibility, including Morganella
morganii, Proteus spp., and Providencia spp.,
reporting of resistance to carbapenems other than
imipenem is recommended, which is confirmed
in our study.

Many ESBL genes are situated on large plasmids
which carry multiple resistance genes, and this
can explain an appearance of resistance to multi-
ple antibiotics (36). TEM-1 (natural) B-lactamase
was noticed in all Profeus spp. isolates in this
study, and it is similar to Tehran and Nigeria stu-
dies with 100% TEM-1 prevalence (1,38). On
the other hand, TEM-52 was found in all Proteus
ESBL-producing isolates in the report from Cro-
atia (32). In this study, CTX-M-1 and CTXM-15
were detected in 64% cases, similarly to the re-
port from Tehran (1), but contradictory with the
report from Japan, where CTX-M-2 gene was
noticed in 67% cases (16).

The CMY-2 AmpC beta-lactamase was found in
two Proteus spp. isolates in this study (one in-
and one outpatient, both from urine), and both
isolates were resistant to all cephalosporins te-
sted, aminoglycosides and fluroquinolones, but
susceptible to carbapenems and amoxicillin/
clavulanic acid, which is in concordance with
the report from Taiwan (12). AmpC B-lactamase
producing isolates are usually resistant to seve-
ral groups of antimicrobials, such as penicillins,
oxyimino-, 7-a-methoxycephalosporins and mo-
nobactams (39). This could result in treatment
failure as a consequence of inadequate empirical
therapy in patients with unrecognized AmpC-
carrying Proteus infections (31). It has been re-
cently shown that ceftazidime-avibactam (non
B-lactam/B-lactamase inhibitor) demonstrated
potent activity against (molecularly confirmed)
ESBL-, plasmid-mediated AmpC-, and ESBL/
AmpC producing isolates of P. mirabilis (MIC,,
of 0.06 pg/mL), as well as for other Gram-nega-
tive bacteria (40,41).

Different PFGE profiles among inpatient and
outpatient AmpC- and/or ESBL-positive Proteus
spp. strains indicate that in our settings the spre-
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ading of these bacteria was not due to a single
clone, but rather to the horizontal transfer of pla-
smids containing different genes between diffe-
rent species of Enterobacteriaceae. In the hospital
environment, under selection pressure, plasmids
could be transferred between the patients and
hospital personnel by hands (24).

The main limitation of this study is the small num-
ber of AmpC- and/or ESBL-producing Proteus
spp. isolates collected/available for the analysis
because of short time span (six months) and the-
ir low prevalence in infections. Still, reduced
susceptibility of Proteus isolates is a matter of an
increasing clinical concern worldwide. Because
of high prevalence of MDR strains in epidemi-
ologically unrelated patients with AmpC- and/
or ESBL producing Proteus spp. infection in this
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Molekularna epidemiologija i antimikrobna osjetljivost klinickih
izolata Proteus spp. koji produciraju AmpC- i/ili beta-laktamaza
proSirenog spektra djelovanja u Zenicko-Dobojskom kantonu,
Bosna i Hercegovina
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SAZETAK

Cilj Istraziti prevalenciju, molekularne karakteristike i klonsku pripadnost klini¢kih izolata Proteus spp.
koji produciraju AmpC- i(li) beta (B)-laktamaze prosirenog spektra (ESBL), te njihovu antimikrobnu
osjetljivost u Zenicko-dobojskom kantonu u Bosni i Hercegovini.

Metode Za odredivanje antimikrobne osjetljivosti koriStena je disk-difuzijska i mikrodilucijska me-
toda prema CLSI-standardima, a za detekciju ESBL-a dvostruki disk-sinergisticki test i kombinirani
disk-test s fenil-boroni¢nom kiselinom za detekciju AmpC B-laktamaza. Za potvrdu lu¢enja ESBL-a i
AmpC-a koristen je PCR. Klonska pripadnost izolata ispitivana je uz pomo¢ elektroforeze u pulsiraju-
¢em polju (PFGE).

Rezultati U analizu je ukljuc¢eno 11 (6 bolnickih i 5 vanbolnickih) AmpC- i(li) ESBL-produciraju¢ih
Proteus spp. izolata. Svi izolati su pokazali 100% osjetljivost na amoksicilin/klavulansku kiselinu, imi-
penem i meropenem. Rezistencija na cefuroksim zabiljezena je u 100%, na gentamicin 90,9%, pipera-
cilin/tazobaktam 81,8%, cefotaksim, ceftriakson i ceftazidim 72,7%, cefoksitin i ciprofloksacin 63,6%
i na cefepim u 45,5% slucajeva. TEM-1 B-laktamaza detektirana je kod svih izolata, a kod 7 (od 11;
63,6%) izolata-dodatno iCTX-M (pet CTX-M-1 i dvije CTX-M-15) i OXA-1 B-laktamaze. Dva izolata
su producirala CMY-2 B-laktamazu, dok SHV beta-laktamaze nisu zabiljezene. Nije zabiljezena klon-
ska pripadnost.

Zakljucak Molekularna karakterizacija i tipizacija, te fenotipski testovi za detekciju AmpC i ESBL-
producirajuéih Proteus spp. izolata, kao i drugih gram-negativnih bakterija, vazni su koraci u dizajni-
ranju i primjeni terapije, u detekciji izvora i Sirenju izolata, kao i za pripremu strategije u spre¢avanju
sirenja ovih infekcija.

Kljuéne rijec¢i: ESBL, CMY-2, antimikrobna otpornost




