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ABSTRACT

The aim of this study was to determine the incidence and antimicrobial resistance of ESBL-producing strains in 
the community-acquired urinary tract infections (CAUTIs), which is necessary for antimicrobial therapy selec-
tion. From January 2003 to September 2004, 4,112 consecutive, non-duplicate coliform isolates from CAU-
TIs were analyzed. Antimicrobial susceptibility testing to fifteen antimicrobials was performed by disc-diffusion 
method. Double-disk synergy test (DDST) with amoxicillin-clavulanat, cefotaxime, ceftazidime, ceftriaxone and 
aztreonam, and Etest strips with PM/PML (AB Biodisk) was performed according to CLSI recommendation in 
order to detect the ESBL producers. The overall incidence of ESBL producing strains was 2.6% (108/4112), it was 
significantly higher in males, 8.4% (79/936) than in females, 0.9% (29/3176). The highest prevalence of ESBL 
producers was noted in the oldest and youngest age group: 4.8% (52/106) and 2.6% (27/1045), respectively. An 
increase from 2.2% (52/2402) to 3.3% (56/1710), and a shift of ESBL producers toward the age group 0-6 years 
(1.6% and 3.8%, respectively) in this period was observed. The incidence of ESBL producing strains among iso-
lated Klebsiella spp. were 7.8% (83/1060), E. coli 0.7% (18/2561), Citrobacter spp. 0.6% (1/156), Enterobacter 
spp. 7.7% (3/39) and Proteus spp. 1.0% ( 3/297). Among ESBL producing isolates Klebsiella spp. predominated, 
76.9% (83/108), followed by E. coli 16.7% (18/108). ESBL producing strains showed significantly higher re-
sistance rates to all tested antibiotics as compared to to non-ESBL-producers. The increase and shift toward the 
youngest age group of the ESBL producer incidences is of our concern. Further studies are required to detect 
ESBL types in terms of highly different geographical dissemination of these isolates.
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INTRODUCTION 

Extended-spectrum β-lactamases (ESBLs) represent an 
important mechanism of resistance in Enterobacteri-
acaeae, because they inactivate penicillin, narrow- and 
extended-spectrum cephalosporins, and aztreonam (1, 
2). ESBL-producing organisms are also frequently re-
sistant to aminoglycosides, trimethoprim-sulfamethox-
azole, and quinolone (3, 4). In vitro, among β-lactams, 
only cephamycins, betalactam/beta-lactamase inhibitor 
combinations, and carbapenems retain activity (5, 6). 
The ESBL-encoding genes are usually located on large 
conjugative plasmids, which also often carry genes re-
sponsible for resistance to aminoglycosides (7, 8, 9).

Since first being identified at the beginning of 1980s, 
ESBL-producing microorganisms have spread by no-
socomial routes throughout the world and are often re-
sponsible for outbreaks, particularly in intensive care 
units (ICUs) (5, 10, 11, 12). An ESBL variant may be 
selected de novo in a given hospital, or may be intro-
duced from another centre (3). Its further spread within 
the hospital can be a consequence of plasmid transmis-
sion among non-related Enterobacteriaceae strains  (5, 
9, 13), or clonal dissemination of the enzyme-produc-
ing microorganism (2, 4).

Until recently, most infections caused by ESBL-pro-
ducing E. coli (ESBLEC) or Klebsiella pneumoniae 
had mostly been described as nosocomially acquired 
(3, 11) or nursing home (NH) related (10, 14). Nurs-
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ing homes have been identified as an important reser-
voir of ESBL-producing Enterobacteriaceae. The use 
of broad-spectrum oral antibiotics, often associated 
with poor infection control practices, may facilitate this 
dissemination (11). Furthermore, this environment is 
considered as microbiologic extension of the hospital 
environment, and patients are likely to be readmitted to 
the hospital, where they can serve as a source of these 
resistant microorganisms for other patients. Thus, the 
patients in the community acquired the ESBL-produc-
ing strains from a nosocomial (hospital, clinic, or NH) 
source (10).

Some recent data suggest that infections due to ESBL-
producing organisms might be an emergent problem 
in outpatients in different countries, but detailed epi-
demiological data were nor collected in most of those 
studies (1, 4, 15, 16). Moreover, the clinical relevance 
and epidemiology of these infections outside nursing 
homes have not been studied extensively (13). There 
were no reports on ESBL-producing strains in Bosnia 
and Herzegovina so far. However, a study conducted in 
the 1998-2001 period in this region has shown a high 
degree of resistance in clinical isolates from commu-
nity-acquired urinary tract infections (CAUTIs) (17). 
Thus, the aim of the present work was to determine the 
incidence and antimicrobial resistance of ESBL-pro-
ducing strains in  the CAUTIs in  Zenica-Doboj Can-
ton, Bosnia and Herzegovina.

METHODS

The Laboratory for Sanitary and Clinical Microbiology 
of the Cantonal Center for Public Health in Zenica cov-
ers 331.229 population of Zenica-Doboj Canton (male 
accounted 112.471, female 218.758 of population). 
From January 2003 to September 2004, 4,224 coliform 
microorganisms were isolated consecutively from single 
outpatient urine samples submitted to the Laboratory. 

The samples were cultured on blood and McConkey 
agar and incubated overnight at 37 °C. All urinary 
specimens with significant bacteriuria (≥ 105 cfu / mL 
urine) were further processed. Coliform microorgan-
isms were identified according to standard biochemical 
tests, which identified most coliforms isolated to genus 
level and many to species (18). 

The disc diffusion method using Mueller-Hinton agar 
(Oxoid, Bensigstoke, UK) was used to test  fifteen anti-
microbials (Oxoid, Bensigstoke, UK). The susceptibil-
ity criteria were applied according to CLSI (19).  

Double-disc synergy test (DDST) with amoxicillin-cla-
vulanat, cefotaxime, ceftazidime, cefpodoxime (ceftri-
axone) and aztreonam (by CLSI recommendation) (19), 
and Etest strips with PM/PML (AB Biodisk, Solna, 
Sweden) were performed to detect the ESBL producers. 
Double disk synergy test (DDST) was done on Mueller-
Hinton agar plates (Oxoid, Besingstoke, UK) streaked 
with a 0.5 McFarland bacterial suspension of isolates 

Figure 1 Double disk sinergy test (DDST) and Etest. K. pneumoniae (35591) 
positive DDST: growth inhibition zones of cephalosporin plus clavulanic 
acid (AMC) were greater than that of  ceftazidime (CAZ) and aztreonam 
(atm) disks alone; positive Etest: PM/PML > 128 (left);  E. coli (35524) 
positive DDST: growth inhibition zones of cephalosporin plus clavulanic 
acid were greater than that of  ceftazidime, aztreonam, cefotaxime (CTX) 
and cefpodoxime (CPD) disks alone; positive Etest: PM/PML > 15,8 and 
a rounded ‘’phantome’’ inhibition zone below PM is indicative of ESBL 
(midst); E. coli (30960) positive DDST: growth inhibition zones of cepha-
losporin plus clavulanic acid were greater than that of  cefpodoxime disk 
alone; Etest: deformation of PM ellipse is indicative of ESBL (right)
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by placing a disk containing 20 μg amoxicillin plus 10 
μg clavulanic acid (AMC) in the centre of the plate. 
This central disk was then surrounded by a disk of 
ceftazidime, cefotaxime, cefpodoxime (or ceftriaxone) 
and aztreonam (OXOID), each at the distance of 30 
mm from the central disk (centre to centre). The DDST 
was considered positive when decreased susceptibility 
to the broad-spectrum β-lactam agent on the outer disk 
was associated with synergy towards the central disk. 
Synergy was defined when the inhibition zone of the 
disk of cephalosporin plus clavulanic acid was ≥5 mm 
greater than that of the disk of cephalosporin alone (Fig-
ure 1). Cefepime/cefepime+clavulanic acid Etest strip 
(PM/PML) for improving ESBL detection was also in-
cluded, especially for the species other than E. coli and 
K. pneumoniae (20, 21, 22). ESBL Etest strip PM/PML 
reading and interpretation: PM/PML ratio ≥8 is indica-
tive of ESBL production; deformation of ellipses or 
the presence of a ‘’phantom’’ zone is also indicative of 
ESBL production, even though the PM/PML ratio is ≤8 
(instructions of the manufacturer) (Figure 1).

For the quality control of susceptibility tests Es-
cherichia coli ATCC 25922 and K. pneumoniae ATCC 
700603 were used. Demographic characteristics of 
the patients were gathered from the Laboratory were 
recorded. Name, surname, ID, address, date of birth, 
and gender of the patient, date of isolation, specimen 
number, organism isolated, ESBL-production and sus-

ceptibility results of isolates were recorded. According 
to the age the patients were broken down into the five 
age groups: 0-6, 7-14, 15-19, 20-64, >64 years. 

RESULTS

From January 2003 to September 2004, 4,112 coliform 
microorganisms were isolated from 37,813 consecutive 
single urine samples obtained from outpatients. E. coli 
was isolated in 2,561 (62.3%), Klebsiealla spp. in 1,060 
(25.8%), Proteus spp. in 297 (7.2%), Citrobacter spp. 
in 156 (3.8%), and Enterobacter spp. in 30 (0.9%) urine 
samples. Most isolates were obtained from female pa-
tients, 3,176 (77.2%) (Table 1), and from patients of the 
age group 20-64 years, 1,451 (34.4%) (Table 2).

The overall incidence of ESBL producing strains was 
2.6% (108/4112), significantly higher in male 8.4% 
(79/936) than in female patients, 0.9% (29/3176) (Ta-
ble 1). The incidence of ESBL producing strains among 
isolated Klebsiella spp. was 7.8% (83/1060), E. coli 
0.7% (18/2561), Citrobacter spp. 0.6% (1/156), Entero-
bacter spp. 7.7% (3/39), and among Proteus spp. 1.0% 
( 3/297). Among ESBL producing bacteria, Klebsiella 
was predominant, 76.9% (83/108), followed by E. coli 
16.7% (18/108), Enterobacter and Proteus 2.8% each 
(3/108), and Citrobacter 0.9% (1/108). 

The highest number of ESBL producers was noted in 

Table 1 Distribution  of ESBL-producing isolates from community-acquired urinary-tract infections according to gender

Microorganism 
isolated

Male Female All

No .of isolates (%)
No. of ESBL-

producers (%)
No. of isolates (%)

No. of ESBL-

producers (%)
No. of isolates (%)

No. of ESBL-

producers (%)

Citrobacter spp. 50 1 106 0 156  (3.8) 1  (0.6)

E. coli 349 7 2,212 11 2561  (62.3) 18  (0.7)

Enterobacter spp. 16 2 22 1 39  (0.9) 3  (7.7)

Klebsiella spp. 419 68 641 15 1,060  (25.8) 83  (7.8)

Proteus spp. 102 1 195 2 297  (7.2) 3  (1.0)

Total 936  (22.8) 79  (8.4) 3176  (77.2) 29  (0.9) 4,112 108  (2.6)

Age

0-6 7-14 15-19 20-64 ≥65

2003 No. of isolates 568 194 55 834 679

No. of ESBL-producers (%) 9 (1.6) 0 0 8 (1.0) 35 (5.2)

2004 No. of isolates 477 121 34 567 407

No. of ESBL-producers (%) 18 (3.8) 3 (2.5) 0 18 (3.2) 17 (4.2)

Total No. of isolates 1,045 315 89 1,401 1,086

2003-
2004

No. of ESBL-producers (%) 27 (2.6) 3 (1.0) 0 26 (1.9) 52 (4.8)
Table 2 Distribution of ESBL-
producing Enterobacteriaceae  
according to the age groups
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the age groups >64 years and 0-6 years, 4.8% (52/1086) 
and 2.6% (27/1045), respectively. An increase in the 
prevalence of the ESBL-producing bacteria from 2.2% 
(52/2402) to 3.3% (56/1710), and an increase in the  
prevalence of the ESBL-producers in the both age 
groups, 0-6 and 7-14 years in the study period (1.6% 
and 0% vs. 3.8% and 2.5%,  respectively) was observed 
(Table 2). The median age of patients infected with 
ESBL-producing bacteria was 45.2 year. ESBL-pro-
ducing bacteria were more frequently isolated in males, 
8.4% (79/936) than in females, 0.9 (29/3176).

ESBL-producing strains showed significantly higher re-
sistance rates for all the tested antibiotics as compared 
to non-ESBL-producing isolates, and the rates ranged 
from 60% to 90% (98% for ampicillin).  Imipenem was 
the only antibiotic which showed good activity (1%) 
against ESBL producers. In non-ESBL-producing iso-
lates resistance rates for the most antibiotics tested were 
about 20% except for cefotaxime and aztreonam (less 
than 10%). Ampicillin and trimethoprim/sulfamethox-
azole did not show good activity against  68.4% and 
46.3% isolates, respectively. Imipenem displayed the 
best activity (0.1%) and resistance was detected only in 
one Klebsiella pneumoniae male isolate (Table 3).

DISCUSSION

ESBL-producing Enterobacteriaceae are typically no-
socomial pathogens (1, 11). Most patients hospitalized 
in ICUs are discharged to a general acute-care unit and 
then go to rest, nursing or home care. Some of them 
continue to carry ESBL-producing Enterobacteriaseae 
over prolonged periods, and continued carriage of such 
strains may contribute to their extrahospital propaga-
tion. (10). Thus, although an appearance of ESBL pro-
ducers in general practice would be expected, their oc-
currence has rarely been reported, probably because a 

screening for ESBLs requires special tests and opera-
tor expertise (6,23). Many studies have demonstrated 
a great potential for spreading ESBL-producing strains 
and consequently ESBL-encoding plasmids to different 
hospitals and even different countries (5, 7, 13 , 24). 
Thus, their presence in the hospital has been regularly 
monitored, and due to control efforts, the prevalence 
of ESBL producers has been reduced in some centers 
(11).

In Gram-negative organisms, the most prevalent  ESBL 
producers in hospital settings were found among 
K. pneumoniae (1.6%-30%) ( 2, 10, 25) and E. coli 
(0.14%-5.4%) (3, 9, 25) isolates, although the produc-
tion of ESBL was found also among isolates of Proteus 
spp., Enterobacter spp.,  C. freundii and S. marcescens 
(5, 10, 25). There are  a few reports on the presence 
of ESBL producers in the community, particularly 
among uropathogens, which characterized the ESBLs 
at the molecular level. CTX-M type predominated in 
the community and  TEM i SHV in hospital settings (7, 
10, 13, 25, 26).    

The frequency of ESBL-producers in the community is 
usually 0.2%-0.6% (10), but in some reports on UTIs 
they reached up to 14% (6). Our finding of prevalence 
of 2.6% ESBL-producing strains in the community 
corresponded to the prevalence found in the hospital 
settings and private health care centres in some reports 
(10). An increase of the prevalence of ESBL-producing 
isolates from 2.2% to 3.3% during the study period in 
this report was in agreement with an increasing trend of 
such isolates found in other reports (16).

This study reported the higher prevalence  of ESBL-
producing isolates among K. pneumoniae isolates 
(7.8%) than E. coli (0.7%) as in absolute terms (83 and 
18, respectively), as well as in the overall proportion 
of ESBL-producing isolates (76.9% and 16.7%, respec-

Table 3 Antimicrobial resistance of ESBL- and non-ESBL-producers of  community-acquired UTIs

Percentage  (%) of resistance to antimicrobial agents*

Type of isolates No. of 
isolates

AMP AMC CEF CXM CTX IPM ATM GEN NAL NOR OFX CIP SXT CHL NIT

ESBL producers 108 98.0 47.6 78.1 78.1 65.3 1.0 79.4 74.5 71.7 70.3 68.6 66.0 81.0 67.0 66.4

Non-ESBL producers 4,004 68.4 17.6 21.9 15.3 7.0 0.1 5.9 16.7 22.6 18.2 17.5 15.8 46.3 22.7 16.8

Total coliforms 4,112 69.1 18.3 23.5 16.9 8.4 0.1 7.9 18.2 23.8 19.5 18.8 17.0 47.2 23.8 18.1

*ampicillin, AMP (10µg), co-amoxiclav, AMC (30µg), cefalothin, CEF  (30 µg), cefuroxime, CXM (30 µg), cefotaxime, CTX (30µg),  imipenem, IPM (10µg), 
aztreonam, ATM (30 µg), gentamicin, GEN (10 µg), nalidixic acid, NAL (30 µg),  ofloxacin, OFX (5 µg), ciprofloxacin, CIP (5 µg), trimethoprim/sulfa-
methoxazole, SXT (25  µg), chloramphenicol, CHL  (30 µg),  nitrofurantoin, NIT (300 µg); NT, non  tested;
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tively). It was not in agreement with most other studies 
where the most frequent ESBL-producing species in 
outpatient samples was E. coli  (6).  It was probably due 
to the large number of Klebsiella spp. and other non-E. 
coli coliform microorganisms isolated from UTIs in this 
region (25.1% and 11.4%, respectively). Such a distri-
bution of coliform community-acquired UTI pathogens 
was observed in this region previously (17 (JAC REF) 
and in a few reports from Southern part of Europe (27, 
28) Latin America (29) and Britain (30) but not in other 
countries (27). According to postulate stated previ-
ously (31) the distribution of the community-acquired 
UTI pathogens in this region with significant propor-
tion of other coliforms (37.7%), namely Klebsiella spp. 
(25.8%), which comprised secondary pathogenic spe-
cies, corresponded to that which occurred in hospital 
settings, or complicated community UTIs (29, 32, 33). 
Multi-resistance was usually related to production of 
ESBL in both, community and hospital setting. ESBL 
producers, however, were recovered only from compli-
cated community UTIs (1).

This study confirms the emergence of ESBL-produc-
ing strains as a cause of infection in outpatients outside 
nursing homes (1, 6, 10, 13). The much higher frequen-
cy of ESBLs in  inpatients’ samples in previous studies 
was probably the consequence of the inclusion of only 
inpatient samples, so than, their presence in outpatient 
samples was at least underreported (6, 10). This occurs 
because the third generation of cephalosporins is not 
indicated as first-line drugs for infections in the outpa-
tient setting and they are not, therefore, subject to regu-
lar laboratory testing.

The increase and  shift of the ESBL-producing isolates 
incidence towards both youngest age groups (0-6 and 
7-14 years) in the CAUTIs in this region during 2003-
2004 period is of concern. This finding has major im-
plications for treating children who should not be given 
fluoroquinolones and tetracyclines (8).

Several risk factors for infections due to ESBL-produc-
ing strains in non-hospitalized patients were identified: 
previous admission to a hospital, diabetes mellitus, re-
current UTI, fluoroquinolone used during the previous 
2 months, and older age in male patients (13). In our re-
port the risk factors for infections with ESBL-produc-
ing organisms were not analyzed, but it should be noted 
that the median age of our patients of 45 years was far 
lower than in other studies (13), and male patients were 
more frequently infected with ESBL-producing strains 

than female patients (8.4% and 0.9%, respectively). In 
addition, community-acquired strains possessing ESBL 
might be selected from the existing gastrointestinal flo-
ra when it is exposed to broad-spectrum antimicrobial 
agents  (11, 16, 18).

Some recent data suggest that the community could be a 
reservoir for ESBL enzymes, as it occurs with other mi-
croorganisms, based on the investigation of stool-sam-
ples of healthy people for presence of these enzymes. It 
was found that 7.5% and 11% of healthy people  were 
the carriers of ESBL-producing strains (16, 18). More-
over, none of ESBL-carriers gave a history of hospitali-
zation in the past year, or history of antimicrobial drug 
consumption in the last 6 months (18). Higher preva-
lence of ESBL-producing isolates from UTIs was found 
among hospitalized children, than in adults, 19.3% and 
4.6%, respectively, without any specific risk factors, and 
authors have concluded, that clonal spread was respon-
sible for that (30). Moreover, it has been shown that 
significant proportion of patients, from whom bacterial 
strains harbouring ESBL were isolated, had never had a 
contact with the hospital environment before the clini-
cal E. coli isolation (7). Still, many questions related to 
the diffusion mechanisms of this resistance in the com-
munity remain unanswered. A confirmation of commu-
nity-based transmission of ESBL would indicate a need 
for increased vigilance and further studies to determine 
the reservoirs and vehicles for dissemination of ESBL 
within the community (7, 16).

The prevalence of resistance to antibiotics varies great-
ly from one geographic area to another as well as be-
tween hospitals within community, mainly because of 
the differences in antimicrobial usage and infection 
control practices (5, 26). Resistance to commonly used 
antimicrobials in community-acquired UTIs represents 
a problem for the treatment of these infections (6, 17 
(JAC). Generally, an isolate is suspected to be an ESBL 
producer when it shows in vitro susceptibility to the ce-
phamycins (cefoxitin, cefotetan)  but resistance to the 
third generation cephalosporins and aztreonam. More-
over, one should suspect these strains when treatment 
with these agents for gram-negative infections fails de-
spite of reported in vitro susceptibility. Once an ESBL 
producing strain is detected, the laboratory should re-
port it as ‘’resistant’’ to all penicillins, cephalosporins, 
and aztreonam, even if they test as susceptible (19, 34). 
Some antimicrobial agents commonly recommended 
for the treatment of community-acquired UTIs (ex-
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tended-spectrum cephalosporins, fluoroquinolones) are 
probably not useful against ESBL-producing isolates (5, 
6, 13). Thus, the choice of drug for treating infections 
due to ESBL-producing organisms is limited to carbap-
enems or combination of penicillins and β-lactamase 
inhibitors, such as amoxicillin plus clavulanic acid or 
piperacillin plus tazobactam (6, 13, 34). However, the 
emergence of carbapenem-resistant organisms may be 
a matter of a concern (2). 

This survey has revealed more than a double increase in 
the antibiotic resistance of coliform isolates against all 
quinolones tested, including nalidixic acid, norfloxacin, 
ofloxacin and ciprofloxacin, and nitrofurantoin, in the 
comparison with the results obtained from 1998-2001 
survey conducted in this region (17). Interestingly, 
narrow- and extended-spectrum cephalosporins have 
shown a better activity in this study than in the 1998-
2001 period (17). Thus on the basis of these data, we 
may assume a possible existence of outpatients with 
bacterial strains causing infections harbouring antibiot-
ic resistance mechanisms, and raise the hypothesis that 
microorganisms with antibiotic resistance mechanisms 
can be present in patient in the community (6, 7, 13).

Many clinical laboratories (as well as the wider medi-
cal community) are not fully aware of the importance 
of ESBLs and how to detect them; laboratories may 
also lack the resources to curb the spread of these re-

sistance mechanisms (23). This lack of understanding 
or resources is responsible for a continuing failure to 
respond appropriately to prevent the rapid worldwide 
dissemination of pathogens possessing these beta-lacta-
mases. As the consequence there have been avoidable 
therapeutic failures (sometimes fatal) in patients who 
received inappropriate antibiotics and outbreaks of 
multidrug-resistant, Gram-negative pathogens that re-
quired expensive control efforts (16,18). Uncontrolled 
sepsis due to the inadequate empirical treatment of such 
patients existed until the treatment was changed, ac-
cording isolation and antibiotic susceptibility results of 
ESBL-prodicung strains (13).

Proper infection control practices and barriers are es-
sential to prevent spreading and outbreaks of ESBL 
producing bacteria. In laboratories where special tests 
for ESBL detection are not available, an interpretative 
comment should accompany the susceptibility results 
to indicate that the antibiogram is suggestive of ESBL 
production, and the physician should consider avoid-
ing therapy with expanded-spectrum cephalosporins 
or aztreonam (35). ESBL producers associated with 
multi-drug resistance, thus, its surveillance appeared 
to be important in the community-acquired infections 
(26). Further studies are needed to detect ESBL types 
in terms of highly different geographical dissemination 
of these isolates (6).
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