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Abstract 
 
The spread of antibiotic resistant organisms and those producing extended spectrum β-lactamases (ESBL) has become a health care 
problem worldwide in communities and hospitals, as it leads to more complicated infections, longer duration of treatment, and 
increases in patient mortality. In the present study, we analyzed 226 clinical samples in order to assess the spread of ESBL-
producing Enterobacteriaceae. 196 Enterobacteriaceae were identified and classified as members of the genera Pantoea, 
Klebsiella, Escherichia, Enterobacter, Serratia, Proteus, Citrobacter, and Raoultella. The results of susceptibility testing of 
isolated strains to 19 antibiotics showed that the most part of the isolates were highly resistant (p˂0.01) to the tested β-lactams: 
penicillins and penicillin like antibiotics (amoxicillin, ticarcillin and amoxicillin-clavulanic acid), first-generation cephalosporins 
(cephalexin), and second generation cephalosporins (cefoxitin). 60.20% of the Enterobacteriaceae isolates were multi-drug 
resistant (MDR) strains. Resistant isolates to third generation cephalosporins were tested for ESBL by tree methods, concluding its 
presence in 29.59% of the isolates by double-disk synergy test, 27.55% by the disk approximation method and by 31.63% double-
disk test. High levels of MDR strains and ESBL- producing Enterobacteriaceae in our study suggest the need for applying specific 
infection control measures, and rational antibiotic use to reduce the selection pressure and prevent dissemination of resistant 
bacteria. 
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1. Introduction 
 

Over past few decades, antibiotic resistance of 
microorganisms has become a health care problem 
worldwide in communities and hospitals, a great deal 
has happened and many kinds of research have started 
aimed to determine the cause of the rapid spread of 
multidrug-resistant bacteria (Pereckaite et al., 2018). 
Despite many national and international reports, 
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including that of the World Health Organization, 
urging ways to curtail it, the problem continues to 
grow and to evolve from one decade to the next 
(Munita and Arias, 2016). The recent report showed 
that resistance to antibiotics drugs can arise through 
various mechanisms, including target modification 
(expression of alternative penicillin-binding proteins), 
reduction in cell permeability through porin 
modification and efflux pump expression, and 
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production of modified enzymes (Tooke et al., 2019). 
The emergence of multidrug-resistant bacteria 

and specially, ESBL- producing Enterobacteriaceae 
has become a worldwide concern. These bacteria 
create a therapeutic challenge in daily management of 
infectious diseases due to their resistance to additional 
classes of antibiotics reduce switching to an 
alternative antimicrobial regimen (Kharrat et al., 
2018). The extended spectrum β-lactamases (ESBL) 
belong to the group of enzymes which have the ability 
to hydrolyze the β-lactam ring in the structure of 
various types of newer β-lactam antibiotics including 
the extended-spectrum (or third-generation) 
cephalosporins and monobactams (aztreonam) but not 
the cephamycins (cefoxitin and cefotetan) and 
carbapenems (Kunishima et al., 2019). 

Moreover, the functional classification scheme 
suggests the subdivision of β-lactamases to: 
cephalosporinases, serine β-lactamases and Metallo- 
β- lactamases (MBLs) (Rood and Li, 2017). It has 
been reported that the species which produce ESBLs 
are mostly Klebsiella species and Escherichia coli. 
Moreover, at a reduced frequency these enzymes are 
now found in many different species of other members 
of Enterobacteriaceae family, such as Proteus spp., 
Enterobacter spp., Citrobacter spp., Serratia 
marcescens and Morganella (Muthupandian et al., 
2018). 

Over the last 30 years, various phenotypic 
methods have been proposed to detect or confirm 
ESBL production by Enterobacteriaceae (Donaldson 
et al., 2008; Garrec et al., 2011; Jarlier et al., 1988). 
Nevertheless, all methods utilize the two crucial 
characteristics of ESBL-producing bacteria: reduction 
of susceptibility to extended-spectrum cephalosporins 
and inhibition of the enzymes β-lactamases activity by 
clavulanic acid (Tsering et al., 2009). The Clinical 
Laboratory Standards Institute (CLSI) recommends 
phenotypic screening and confirmatory tests to 
identify the ESBL producers (Garrec et al., 2011). 
Many reports proposed screening strains based on 
decreased susceptibility to extended-spectrum 
cephalosporins in primary susceptibility testing and to 
use the confirmatory tests of ESBL production. 

The objective of this study is to determine the 
prevalence of ESBL-producing Enterobacteriaceae 
among strains isolated from clinical samples as well as 
the prevalence of multi-drug resistant strains. 

 
2. Material and methods 

 
2.1. Collection of strains 

 
A total of 226 clinical specimens including 

blood culture, urinary catheters, pus, wound swab, and 
tracheal aspirate were collected during the period of 
2018 to 2019, at Tebessa hospital. In this hospital, 
approximately 15000 patients are admitted at the 
outpatient department per year and more than 900 
operations and invasive diagnostic therapeutic 
procedures are performed annually.  

The samples of pus and wound were taken by 

swab, followed by enrichment on nutrient broth. For 
urinary catheter samples, enrichment is done by 
inoculating 1 mL of urine in 5 mL of nutrient broth. 
For blood culture, the blood sample is incubated for 
24 hours at 37°C, then isolation, as for the other 
samples, is carried out on Mac Conkey agar according 
to the streak method. 

All isolates were analyzed both by 
conventional bacteriological methods and by Mini-
API, a semi-automatized assay (bioMérieux, Marcy 
l’Etoile, France). Isolates were frozen at -30°C in 
brain-heart infusion broth with 15% glycerol until 
processed for further experimentation. 
 
2.2. Antibiotic susceptibility testing 

 
Antibiotic susceptibility testing was performed 

on Mueller-Hinton agar (MH; BioMérieux, Marcy-
l'Étoile, France) by standard disk diffusion method, 
using disk antibiotics (Liofilmchem) according to the 
European Committee on Antimicrobial Susceptibility 
Testing (EUCAST, 2018) guidelines. Escherichia coli 
ATCC 25922 and Klebsiella pneumoniae ATCC 
700603 strains were used as quality controls for 
antimicrobial susceptibility and the ESBL screening 
tests, respectively. Isolates that exhibited zone 
diameters of ≤ 22 mm for ceftazidime, ≤ 25 mm for 
ceftriaxone, and ≤ 27 mm for cefotaxime and 
aztreonam were submitted to the ESBL detection tests. 

 
 Screening of multi-drug resistant (MDR) strains 

MDR strains were screened according to the 
definition of Magiorakos et al. (2012): if the isolates 
were resistant to representative antibiotics of at least 
three different classes of antimicrobial agents, they 
were regarded as multi-drug resistant strains. 

 
2.3. ESBL detection 

 
2.3.1. Double-disk synergy test (DDST) 

The double-disk synergy test was carried out 
according to Jarlier et al. (1988). Third-generation 
cephalosporin disks, cefotaxime (CTX 30 μg), 
ceftazidime (CAZ 30 μg), ceftriaxone (CRO 30 μg), 
or aztreonam disk (ATM 30 μg) was placed 30 mm 
(center to center) from a central disk containing 
amoxicillin/clavulanic acid (AMC 20/10 μg). The 
ESBL production is suspected when the inhibition 
zone around any of the four antibiotic disks was 
enhanced on the side of the disk containing clavulanic 
acid, resulting in a characteristically shaped zone 
referred to as a “champagne-cork,” “keyhole,” 
“ellipsis,” or “phantom image”. 

 
2.3.2. Disk approximation method (DAM) 

This test was conducted as described by Rahal 
(1999). Cefotaxime (30 μg) disks were placed at 15, 
20, 25, and 30 mm center to center away from an AMC 
disk which is placed in the center of the plate. The test 
was considered positive if there is restoration of 
cefotaxime activity resulting by the appearance of 
synergy image between CTX and AMC. 
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2.3.3. Double-disk test (DDT) 
This test was performed as described by Rahal, 

(2005). Disks of amoxicillin/clavulanic acid (AMC 
20/10 μg) and third-generation cephalosporins (CTX 
30 μg) were placed at 25 mm (center to center) on 
Mueller Hinton agar inoculated with the tested strain. 
After 1 h of incubation, the AMC disk was replaced 
by CTX disk. The test was considered positive for 
ESBL production if the inhibition diameter of CTX 
disk applied after pre-diffusion of the AMC disk is ≥5 
mm with respect to the diameter of CTX disk. 

 
2.4. Statistical analysis 
 

To determine if there is a statistically 
significant difference between the various parameters, 
t-test was performed. The differences were considered 
significant at p < 0.05. The Pearson’s correlation 
analysis was performed to find out relationships 
among various characteristics. 

 
3. Results and discussion 

 
Extended spectrum ß-lactam antimicrobial 

drugs are commonly included in empirical antibiotic 
regimens for treatment of Gram-negative sepsis but 
the emergence of ESBL producing bacteria have 
become a major public health concern. β-lactamases 
enzymes are most often encoded either by the 
chromosomal genes or by the transferable genes which 
can easily be transferred between isolates. Initially, 
these enzymes were commonly found in a variety of 
Enterobacteriaceae species; and the majority of the 
ESBL producing strains are Klebsiella pneumoniae, 
Klebsiella oxytoca, Escherichia coli, Enterobacter, 
Citrobacter, Proteus, Morganella morganii, Serratia 
marsescens, and other Gram-negative bacilli like 
Pseudomonas aeruginosa, and Burkholderia cepacia 
(Tsering et al., 2009).  

Since the begin of the millennium, particular 
attention is paid to the emergence of Gram negative 
bacterial species with acquired resistance to various 
broad spectrumβ-lactams and other classes of 
antimicrobials (Kuralayanapalya et al., 2019). This 
emphasizes the demands on routine Clinical 
Microbiology laboratory to investigate the potential of 
MDR and ESBL production on every suspected 
isolates. The present study has examined the 
prevalence of Enterobacteriaceae strains from clinical 
specimens, their antibiotic-susceptibility pattern, and 
production of ESBL among MDR strains with 
phenotypic approaches, giving a first insight into the 
occurrence of these isolates in the country. 

 
3.1. Distribution of bacterial species with sample 
source 

 
In the present study, a total of 400 Gram 

negative bacilli representing different colony 
morphologies were recovered from 226 clinical 
specimens including urinary catheters, pus, blood 
culture, tracheal aspirate and wound swab, from both 

inpatients and outpatients of all age groups. Among 
these, 196 isolates were identified as members of 
Enterobacteriaceae family. The distribution of the 
isolates from various samples is presented in Table 1. 

The prevalence of Enterobacteriaceae bacteria 
in various clinical specimens was 36.2%, while 
prevalence of multidrug resistance was 60.20%. 
Similar rate was also reported by Magiorakos et al. 
(2012). 

According to the distribution of strains in terms 
of species, the most abundant species was Klebsiella 
pneumoniae, which was the most prevalent with 44 
(22.45%) isolates followed by E. coli with 30 
(15.31%), Enterobacter cloacae with 22 (11.22%) 
isolates, Serratia ficaria with 20 (10.20%), Pantoea 
spp with 18 (9.18%), Serratia marcescens with 16 
(8.16%), Klebsiella oxytoca with 13 (06.63%), and 
Citrobacter freundii with 12 (6.12%) isolates. In 
addition, other pathogenic genera have been isolated, 
but with lower frequencies: Proteus vulgaris 06 
(3.06%) and Raoultella ornithinolytica with 07 
(03.57%). 

The distribution of the isolates from various 
clinical specimens has showed that urine was the 
source of 74/196 (37.75%) of the isolates, indicating 
that urinary catheters are one of the most common 
infections worldwide. Blood culture 33/196 (16.84%) 
was the second major source of isolates reflecting the 
relatively high frequency of Enterobacteriaceae 
involved in bacteremias. The rest of the isolates 
collected in our study were from pus, tracheal aspirate 
and wound swab. The agents responsible for urinary 
tract infections are mainly enterobacteria which are 
part of the normal faecal flora, peri-urethral 
colonization same to be a necessary stage for the 
occurrence of the infection. However, for 
hemocultures, enterobacteria are least common 
because there are other agents which arise from other 
entry points other than the digestive tract 
corresponding to enterobacteria. The frequency of 
specimen distribution in the present study reflects the 
prevalence of Enterobacteriaceae in similar settings 
reported elsewhere (Nepal et al., 2017; Tacconelli et 
al., 2019). 

 
3.2. Phenotypes of antibiotic resistance 

 
Antibiotics sensitivity pattern amongst 

Enterobacteriaceae isolates (Table 2) revealed high 
frequency of resistance to β-lactams (p˂0.01): 
amoxicillin (AMX) 95.41%, ticarcillin (TIC) 94.39%, 
amoxicillin/clavulanic acid (AMC) 91.33%, 
cephalexin (CL) 78.06%, cefalotin (KF) 67.86%, 
cefotaxime (CTX) 78.57%, ceftazidime (CAZ) 
72.96%, aztreonam (ATM) 76.53%, and cefoxitin 
(FOX) 67.35%. Regarding non-β-lactams antibiotics, 
resistance rates were high for fosfomycin (FOS) 
64.79% and nalidixic acid (NA) 55.61%; significant 
for cotrimoxazole (COT) 46.43% and ciprofloxacin 
(CIP) 43.88%; moderate for tobramycin (TOB) 
36.73%, nitrofurantoin (F) 28.06%, and low for 
amikacin (AK)18.37%, chloramphenicol (C) 17.86%, 
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gentamicin (GM) 14.28%. Only imipenem (IPM) was 
effective against more than 94% of the isolates. 
Consistent with previous report (Jena et al., 2018; 
Nakai et al., 2016), our study revealed that 
Enterobacteriaceae isolates have various 
antimicrobial susceptibility profiles. The high β-
lactam resistance might be explained by its intensive 
use and the selective pressure, which accelerated the 
emergence of resistance to β-lactamase inhibitor 

combinations. Similar with previous reports, 
imipenem seem to be appropriate for the empirical 
treatment of ESBL infection, because of its very high 
rate of susceptibility Jena et al., 2018). However, our 
data suggested that resistance against aminoglycosides 
was much reduced (18.37% against AK and 14.28% 
GM). Hence, aminoglycosides could also be used 
cautiously as antimicrobial empiric therapy (Nakai et 
al., 2016). 

 
Table 1. Distribution of Enterobacteriaceae isolates and ESBL-producing strains from different samples 

 
 Urinary catheters Pus Blood culture Tracheal aspirate Wounds swab Total 

Bacterial 
species 

No. of 
isolates 

No. of 
ESBL-

producing 
isolates (%) 

No. of 
isolates 

No. of 
ESBL-

producing 
isolates (%) 

No. of 
isolates 

No. of 
ESBL-

producing 
isolates (%) 

No. of 
isolates 

No. of 
ESBL-

producing 
isolates (%) 

No. of 
isolates 

No. of 
ESBL-

producing 
isolates (%) 

No. of 
isolates 

No. of 
ESBL-

producing 
isolates 

(%) 
Klebsiella 

pneumoniae 
(N= 44) 

12 08 00 00 10 02 22 08 00 01 44 19 

Klebsiella 
oxytoca (N= 

13) 
07 02 00 00 04 01 02 01 00 00 13 04 

Klebsiella 
ornithinolyiti
ca (N= 08) 

02 01 00 00 00 00 00 00 06 02 08 03 

E. coli (N= 
30) 

12 05 06 00 07 00 00 00 05 01 30 06 

Pantoeaspp 
(N= 18) 

04 01 00 00 03 00 04 01 07 03 18 05 

Enterobacter 
cloacae (N= 

22) 
10 05 04 01 04 02 03 02 01 00 22 10 

Serratia 
fecaria (N= 

20) 
08 03 05 01 02 01 05 00 00 01 20 06 

Serratia 
marcescens 

(N= 16) 
05 02 06 01 01 00 02 00 02 00 16 03 

Proteus 
vulgaris (N= 

06) 
04 01 00 01 00 00 00 00 02 00 06 02 

Citrobacter 
freundii (N= 

12) 
06 02 01 02 01 00 04 00 00 00 12 04 

Raoultella 
ornithinolyti
ca (N= 07) 

04 01 02 01 01 00 00 00 00 00 07 02 

Total (%) 74 31 (41.89) 24 07 (29.17) 33 06 (18.18) 42 12 (28.57) 23 08 (34.78) 196 64 (32.65) 
 

Table 2. Antimicrobial resistance of Enterobacteriaceae isolates 
 

Resistance phenotypes rates  
AM
C 

AM
X 

TIC CL KF 
CT
X 

CA
Z 

AT
M 

IP
M 

FO
X 

C AK GM 
TO
B 

FO
S 

NA CIP F 
CO
T 

40 42 40 35 30 37 33 29 02 30 07 10 04 16 27 22 23 12 25 
12 12 10 11 11 12 09 13 00 11 03 04 06 07 09 08 07 10 07 
08 08 08 07 08 06 04 08 00 04 01 00 00 02 04 06 04 00 04 
25 29 28 22 16 23 20 18 04 20 08 10 05 13 25 15 14 10 11 
18 18 18 14 11 10 14 14 01 11 00 05 06 04 10 10 06 05 06 
20 22 22 15 20 21 18 18 00 14 07 02 05 07 15 16 07 08 10 
20 18 18 20 13 14 15 15 01 16 04 00 02 08 16 08 10 06 10 
15 16 12 10 09 13 14 10 03 12 01 00 00 05 11 10 05 03 07 
04 04 06 06 06 04 03 06 00 01 02 00 00 01 00 02 02 00 02 
10 11 12 08 07 10 11 12 00 10 00 04 00 04 09 09 04 01 6 
07 07 06 05 02 04 02 07 00 03 02 01 00 04 01 03 04 00 03 

179 
(91.
33) 

187 
(95.
41) 

180 
(94.
39) 

153 
(78.
06) 

133 
(67.
86) 

154 
(78.
57) 

143 
(72.
96) 

150 
(76.5

3) 

11 
(05.
55) 

132 
(67.
35) 

35 
(17.
86) 

36 
(18.
37) 

28 
(14.
28) 

72 
(36.
73) 

127 
(64.
79) 

109 
(55.
61) 

86 
(43.
88) 

55 
(28.
06) 

91 
(46.
43) 

AMC: amoxicillin/ clavulanic acid, AMX: amoxicillin, TIC: ticarcillin, CL: cephalexin, KF: cefalotin, CTX: cefotaxime, CAZ: ceftazidime, ATM: 
aztreonam, IPM: imipenem, FOX: cefoxitin, C: chloramphenicol, AK: amikacin, GM: gentamicin, TOB: tobramycin, FOS: fosfomycin, NA: nalidixic 
acid, CIP: ciprofloxacin, F: nitrofurantoin, COT: cotrimoxazole 
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3.3. Prevalence of ESBL production 

 
Several phenotypic methods have been 

proposed for the detection of ESBLs in clinical 
isolates (Cormican et al., 1996; Rood and Li, 2017; 
Wiegand et al., 2007). These tests should accurately 
discriminate between bacteria producing these 
enzymes and those with other mechanisms of 
resistance to β-lactams, e.g., broad spectrum β-
lactamases, inhibitor-resistant β-lactamases and 
cephalosporinase overproduction. In the present study 
we have used three phenotypic detection tests, based 
on the synergy between a third-generation 
cephalosporin and clavulanate: the double-disk 
synergy test, double-disk test and the disk 
approximation method. Among the 196 
Enterobacteriaceae isolated strains, 118 (60.20%) 
were screened as MDR and highest frequency was 
found to be Klebsiella pneumoniae 31 (70.45%). 
Nevertheless, 62 (31.63%) were defined as ESBL 
producers (Table 3). The DDST suspected the 
presence of ESBL in 58 (29.59%) strains, and the disk 
approximation method (DAM) was positive for 54 
(27.55%) isolates, whereas the double-disk test (DDT) 
confirmed the presence of ESBLs in 62 (31.63%) 
strains (Fig. 1). The application of the double disc 
synergy tests that combine amoxicillin-clavulanate 
with cefepime, same to be the most appropriate 
method for detection of the ESBL producing strains 
because it can clearly demonstrate the inhibition of 
ESBLs by clavulanic acid. In recent years, many study 
have reported that the prevalence of ESBL producers 
varies across continents and countries and also within 
hospitals and these difference may be due to 
geographical variation, the diagnostic methods and the 
difference in antibiotic practices of the study area 
(Jamali et al., 2017; Sun et al., 2014; Tschudin-Sutter 

et al., 2017). The overall data on ESBL-producing 
Enterobacteriaceae in the North African countries are 
extremely worrisome and this region might indeed be 
one of the major epicenters of the global ESBL 
pandemic. In Algeria, data indicates the prevalence of 
ESBL's producer Enterobacteriacae ranges were 
found between 16.4 and 99% of which Class A ESBLs 
were most common and exhibits the encoding plasmid 
of AmpC (pAmpC) was present (Meradi et al., 2011; 
Nedjai et al., 2012; Touati et al., 2012). In Egypt, The 
ESBL Enterobactericeae prevalence among clinical 
strains varies between 11 and 42.9% both in hospital 
and community samples by which the most frequently 
detected beta-lactamase gene was CTX-M (Fam et al., 
2011). 

The predominant ESBL type in Tunisia were 
found to be class A and D ESBLs, pAmpC, and 
carbapenemases, and their prevalence ranges from 
11.7 to 77.8% causing both community acquired and 
hospital acquired infections (Elhani et al., 2010; 
Kharrat et al., 2018). In Morocco, low prevalence rates 
between 1.3 and 7.5% have been found, of which 
CTX-M genes was the most prevalent in this area 
(Bourjilat et al., 2011; El bouamri et al., 2015). A 
recent investigation conducted in Libya showed that 
the prevalence of ESBL are found between 6.7 and 
32.6% in hospital samples and 13.4% in community 
samples (Ahmed et al., 2014). 

The prevalence of ESBL production among 05 
representative clinical specimens by species showed 
that 19 of 44 K. pneumoniae, 06 of 30 E. coli isolates, 
10 of 22 Enterobacter cloacae, 06 of 20 Serratia 
ficaria, 05 of 18 Pantoea spp, 03of 16 Serratia 
marcescens, 04 of 15 Klebsiella oxytoca, 04 of 12 
Citrobacter freundii, 04 of 15 Klebsiella oxytoca, 03 
of 08 Klebsiella ornithinolyitica and 02 of 07 
Raoultella ornithinolytica were ESBL producers. 

 
Table 3. Phenotypic detection of ESBL-producing Enterobacteriaceae 

 

 
ESBL- producing by 

MDR 
strains 

Double-disk synergy 
test (DDST) 

Disk approximation 
method (DAM) 

Double disk test 
(DDT) 

 No. (%) 
Species 

 

No. of 
Isolates 
(N=196) 

Positive 
(N =58) 

negative 
(N=138) 

Positive 
(N=54) 

negative 
(N=142) 

Positive 
(N=62) 

negative 
(N=134) 

Klebsiella pneumoniae 44 19 30 12 32 13 31 31 (70.45) 
Klebsiella oxytoca 13 04 09 04 09 04 09 08 (61.54) 
Klebsiella 
ornithinolyitica 

08 02 06 02 06 02 06 04 (50.00) 

 E. coli  30 07 23 09 21 09 21 16 (53.33) 
Pantoea spp 18 04 14 04 14 05 13 08 (44.44) 
Enterobacter cloacae  22 10 12 07 15 10 12 18 (63.64) 
Serratia ficaria 20 07 13 09 11 06 14 09 (45.00) 
Serratia marcescens 16 03 13 03 13 05 11 10 (62.50) 
Proteus vulgaris  06 02 04 00 06 02 04 03 (50.00) 
Citrobacter freundii 12 04 08 04 08 04 08 07 (58.33) 
Raoultella 
ornithinolytica 

07 01 06 00 07 02 05 04 (57.14) 

Total (%) 
196 

(100) 
58 (29.59) 

138 
(70.41) 

54 
(27.55) 

142 
(72.45) 

62 
(31.63) 

134 
(68.36) 

118 
(60.20) 
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Fig.1. Example showing phenotypic detection of ESBLs producer by (A), double disk synergy test (DDST). (B), positive Disk 
approximation method (DAM). (C), confirmed ESBLs producer by Double disk test (DDT) 

 
There were differences in the number of 

resistant strains isolated from different specimens, 
because infections due to ESBLs- producing 
Enterobacteriacea depend on several risk factors 
including: repetitive urinary tract infections, 
underlying pathologies, prior antibiotic therapy 
(cephalosporins and fluoroquinolones), prior 
hospitalization, duration of hospitalization, ICU 
length of stay (incubation catheterization, mechanical 
ventilation). For septicemia, two or three antibiotics 
are initially administered jointly, especially when their 
origin is unknown. Then, when the test results are 
available, the doctor can adapt the treatment using the 
most effective antibiotic against the specific bacteria 
causing the infection. For urinary infections, 
cephalosporins, fluoroquinolones and cotrimoxazole. 
For respiratory infections, beta-lactams and 
fluoroquinolons are used. For wound infections, beta-
lactams aminoglycosids and fluoroquinolones are 
used. 

Our finding has demonstrated that from the 
overall group of ESBL, Klebsiella pneumoniae was 
the most frequently identified strain among ESBL 
producers. This percentage is similar to prevalence of 
ESBL production worldwide among this species when 
compared with the (53.3%) in Ethiopia (Moges et al., 
2019), and 39.5% in Mexico (Silva-Sanchez et al., 
2011). 

By clinical specimens, 31 (41.89%) of 74 
urinary catheters isolates, 12 (28.57%) of 42 tracheal 
aspirate isolates, 06 (18.18%) of 33 blood culture 
isolates, 07 (29.17%) of 24 pus isolates and 08 
(34.78%) of 23 wound swab isolates were ESBL 
producers. Compared to our finding, multiple studies 
have clearly demonstrated that urinary tract infections 
(UTIs) caused by ESBL producing bacteria are a very 
common healthcare issue and represent the second 
most common type of infection in humans (Castillo-
Tokumoria et al., 2017; Xu and He, 2019). This 
observation supports the findings of Jagdeesh et al. 
(2014) who reported among screen positive isolates 
for ESBL, 45.1%, 46.7% and 29.4% ESBL producers 
from urine, exudates/pus and sputum respectively, 
while 100% ESBL producers were detected in stool. 
However, a study by Sharma et al. (2013) recorded 
that respiratory tract samples (63.83%) was the major 
source of ESBL-producing strains followed by stool 
samples, urine, body fluid, pus, and blood. 

 

4. Conclusions 
 

Infections caused by ESBL-producing 
Enterobacteriaceae have dramatically increased 
worldwide, and this “evolving crisis” is recently 
considered as one of the most important public health 
threats.  

Our study revealed that MDR isolates in the 
present study was 60.20%. Among phenotypically 
tested Enterobacteriaceae, 31.63% were ESBL 
producers. The rate of isolation of ESBL Gram-
negative bacteria in the present study is very serious 
issue, which suggests the dissemination of ESBL 
producing isolates in hospitals.  

We emphasize that more studies should be 
carried out to address the problem of healthcare-
associated infections caused by ESBL-producing 
bacteria, especially in Algeria, where antibiotic abuse 
and irrational use is a common practice.  

The continuous monitoring and careful 
selection usage of antibiotics substance, periodic 
surveillance of multidrug resistance patterns and 
efforts to decrease empirical antibiotic therapy would 
be greatly necessary step in addressing the problems 
associated with the spread of ESBLs. 

 
Acknowledgements 
This study was partially supported by a grant of the 
«Ministry of Higher Education» of Algeria (Project: 
D01N01UN120120190004). We gratefully acknowledge 
the physicians and nursing staff of intensive care units 
(Tebessa hospitals’) for their help in the collection of 
samples. 

 
References  
 
Ahmed S.F., Mohd M., Ali M., Mohamed Z.K., Moussa 

TA., Klena J.D., (2014), Fecal carriage of extended-
spectrum beta-lactamases and AmpC-producing 
Escherichia coli in a Libyan community, Annals of 
Clinical Microbiology and Antimicrobials, 16, 13-22. 

Bourjilat F., Bouchrif B., Dersi N., Claude J.D., Amarouch 
H., Timinouni M., (2011), Emergence of extended-
spectrum beta-lactamases-producing Escherichia coli 
in community-acquired urinary infections in 
Casablanca, Morocco, The Journal of Infection in 
Developing Countries, 5, 850-855. 

Castillo-Tokumoria F., Irey-Salgadoa C., Malaga G., 
(2017), Worrisome high frequency of extended-
spectrum beta-lactamase-producing Escherichia coli in  

 
 



 
Antibiotic susceptibility pattern and phenotypic characterization of extended-spectrum-beta-lactamase-producing Enterobacteriaceae  

 

 2145

 community-acquired urinary tract infections: a case–
control study, International Journal of Infectious 
Diseases, 55, 16-19. 

Cormican M.G., Marshall S.A., Jones R.N., (1996), 
Detection of extended-spectrum beta-lactamase 
(ESBL)-producing strains by the Etest ESBL screen, 
Journal of Clinical Microbiology, 34, 1880-1884. 

Donaldson H., Mc Calmont M., Livermore D.M., Rooney 
P.J., Ong G., McHenry E., (2008), Evaluation of the 
VITEK 2 AST N-054 test card for the detection of 
extended-spectrum beta-lactamase production in 
Escherichia coli with CTX-M phenotypes, Journal of 
Antimicrobial Chemotherapy, 62, 1015-1017. 

El bouamri M.C., Arsalane L., Zerouali K., Katfy K., El 
kamouni Y., Zouhair S., (2015), Molecular 
characterization of extended spectrum – lactamase -
producing Escherichia coli in a university hospital in 
Morocco, North Africa, African Journal of Urology, 21, 
161-166. 

Elhani D., Bakir L., Aouni M., Passet V., Arlet G., Brisse S., 
Weil F.X., (2010), Molecular epidemiology of 
extended-spectrum beta-lactamase-producing 
Klebsiella pneumoniae strains in a university hospital 
in Tunis, Tunisia, 1999-2005, Clinical Microbiology 
and Infection, 16, 157-164. 

EUCAST, (2018), European Committee on Antimicrobial 
Susceptibility Testing Recommandations, V.2.0 
September. 

Fam N., Leflon-Guibout V., Fouad S., Aboul-Fadl L., 
Marcon E., Desouky D.,  El-Defrawy I., Abou-Aitta 
A.,  Klena J.,  Nicolas-Chanoine M.N., (2011), CTX-M-
15-producing Escherichia coli clinical isolates in Cairo 
(Egypt), including isolates of clonal complex ST10 and 
clones ST131, ST73, and ST405 in both community and 
hospital settings, Microbial Drug Resistance, 17, 67-73. 

Garrec H., Drieux-Rouzet L., Golmard J.L., Jarlier V., 
Robert J., (2011), Comparison of nine phenotypic 
methods for detection of extended-spectrum β-
lactamase production by Enterobacteriaceae, Journal 
of Clinical Microbiology, 49, 1048-1057. 

Jagdeesh V.S., Mahalakshmi V.V., Hajare V., Kumar A., 
Sreekantha H., (2014), Prevalence and antibiogram of 
extended spectrum β-lactamase producing E. coli, 
Klebsiella and Pseudomonas species from clinical 
isolates in a tertiary care hospital, Research Journal of 
Pharmaceutical, Biological and Chemical Sciences, 5, 
258-274. 

Jamali S., Shahid M., Sobia F., Singh A., Khan H.M., 
(2017), Phenotypic and molecular characterization of 
cefotaximases, temoniera, and sulfhydryl variable β-
lactamases in Pseudomonas and Acinetobacter isolates 
in an Indian tertiary health-care center, Indian Journal 
of Pathology and Microbiology, 60, 196-201. 

Jarlier V., Nicolas M.H., Fournier G., Philippon A., (1998), 
Extended broad-spectrum beta-lactamases conferring 
transferable resistance to newer beta-lactam agents in 
Enterobacteriaceae: hospital prevalence and 
susceptibility patterns, Reviews of Infectious Diseases, 
10, 867-878. 

Jena J., Debata N.K., Sahoo R.K., (2018), Gaur M. 
Molecular characterization of extended spectrum β-
lactamase-producing Enterobacteriaceae strains 
isolated from a tertiary care hospital, Microbiology 
Pathogenesis, 115, 112-116. 

Kharrat M., Chebbi Y., Ben Tanfous F., Lakhal A., Ladeb 
S., Ben Othmen T., Achour W., (2018), Extended 
spectrum beta – lactamase - producing 
Enterobacteriaceae infections in hematopoietic stem 
cell transplant recipients: Epidemiology and molecular 

characterization, International Journal of 
Antimicrobial Agents, 52, 886-892. 

Kunishima H., Ishibashi N., Wada K., Oka K., Takahashi 
M., Yamasaki Y., (2019), The effect of gut microbiota 
and probiotic organisms on the properties of extended 
spectrum beta-lactamase producing and carbapenem 
resistant Enterobacteriaceae including growth, beta-
lactamase activity and gene transmissibility, Journal of 
Infection and Chemotherapy, 25, 894-900. 

Kuralayanapalya S.P., Patil S.S., Hamsapriya S., Shinduja 
R., Roy P., Amachawadi R.G., (2019), Prevalence of 
extended-spectrum beta-lactamase producing bacteria 
from animal origin: A systematic review and meta-
analysis report from India, PLoS ONE ,14, e0221771, 
https://doi.org/10.1371/journal.pone.0221771 

Magiorakos A.P., Srinivasan A., Carey R.B., Carmeli Y.,      
Falagas M.E., Giske C.G., Harbarth S.,  Hindler 
J.F,  Kahlmeter G.,  Olsson-Liljequist B.,  Paterson    
D.L.,  Rice L.B,  Stelling J.,  Struelens 
M.J.,  Vatopoulos A.,  Weber J.T,  Monnet D.L., (2012), 
Multidrug resistant, extensively drug-resistant and 
pandrug-resistant bacteria: an international expert 
proposal for interim standard definitions for acquired 
resistance, Clinical Microbiology and Infection, 18, 
268-281. 

Meradi L., Djahoudi A., Abdi A., Bouchakour M., Perrier 
Gros Claude J.D., Timinouni M., (2011), Qnr and aac 
(6’)-Ib-cr types quinolone resistance among 
Enterobacteriaceae isolated in Annaba, Algeria, 
Pathologie Biologie, 59, e73-e78, http://doi.org/ 
10.1016/j.patbio.2009.05.003. 

Moges F., Eshetie S., Abebe W., Mekonnen F., Dagnew M., 
Endale A., Endale A., Amare A., Feleke T., Gizachew 
M., Tiruneh M., (2019), High prevalence of extended-
spectrum beta-lactamase producing Gram negative 
pathogens from patients attending Felege Hiwot 
Comprehensive Specialized Hospital, Bahir Dar, 
Amhara region, PLoS ONE, 14, e0215177, 
https://doi.org/10.1371/journal.pone.0215177 

Munita J.M., Arias C.A., (2016), Mechanisms of antibiotic 
resistance, Microbiolgy Spectrum, 4, http://doi.org/ 
10.1128/microbiolspec.VMBF-0016-2015  

Muthupandian S., Ramachandran B., Barabadic H., (2018), 
The prevalence and drug resistance pattern of extended 
spectrum β–lactamases (ESBLs) producing 
Enterobacteriaceae in Africa, Microbial Pathogenesis, 
114, 180-192. 

Nakai H., Hagihara M., Kato H., Hirai J., Nishiyama N., 
Koizumi Y., (2016), Prevalence and risk factors of 
infections caused by extended-spectrum β-lactamase 
(ESBL)-producing Enterobacteriaceae, Journal of 
Infection and Chemotherapy, 22, 319-26. 

Nedjai S., Barguigua A., Djahmi N., Jamali L., Zerouali K., 
Dekhil M., Timinouni M., (2012), Prevalence and 
characterization of extended spectrum β-lactamases in 
Klebsiella-Enterobacter-Serratia group bacteria, in 
Algeria, Médecine et Maladies Infectieuses, 42, 20-29. 

Nepal K., Pant N.D., Neupane B., Belbase A., Baidhya R., 
Shrestha R.K.,  Bhatta D.R., Jha B., (2017), Extended 
spectrum beta-lactamase and metallo beta-lactamase 
production among Escherichia coli and Klebsiella 
pneumoniae isolated from different clinical samples in a 
tertiary care hospital in Kathmandu, Nepal, Annals of 
Clinical Microbiology and Antimicrobials, 16, 62, 
http://doi.org/10.1186/s12941-017-0236-7 

Pereckaite L., Tatarunas V., Giedraitiene A., (2018), Current 
antimicrobial susceptibility testing for beta-lactamase-
producing Enterobacteriaceae in clinical settings, 
Journal of Microbiological Methods, 152, 154-164. 



 
Mechai et al./Environmental Engineering and Management Journal 19 (2020), 12, 2139-2146 

 

 2146 

Rahal K., (1999), Standardisation de l’antibiogramme à 
l’échelle nationale selon les recommandations de 
l’O.M.S, I.N.S.P, Algeria. 

Rahal K, (2005), Standardisation de l’antibiogramme en 
Médecine Humaine à l’échelle nationale selon les 
recommandations de l’OMS, 4th Edition, Algeria. 

Rood I.G.H., Li Q., (2017), Molecular detection of extended 
spectrum-β-lactamase- and carbapenemase-producing 
Enterobacteriaceae in a clinical setting, Diagnostic 
Microbiology and Infectious Disease, 89, 245-250. 

Sharma M., Pathak S., Preeti S., (2013), Prevalence and 
antibiogram of extended spectrum β-lactamase (ESBL) 
producing gram negative bacilli and further molecular 
characterization of ESBL producing Escherichia coli 
and Klebsiella spp, Journal of Clinical and Diagnostic 
Research, 7, 2173-2177. 

Silva-Sanchez J.J., Garza-Ramos U., Reyna-Flores F., 
Sanchez-Perez A., Rojas-Moreno T., Andrade-Almaraz 
V., (2011), Extended-spectrum β-lactamase-producing 
Enterobacteriaceae causing nosocomial infections in 
mexico. a retrospective and multicenter study, Archives 
of Medical Research, 42, 156-162. 

Sun Q., Tärnberg M., Zhao L., Stålsby Lundborg C., Song 
Y., Grape M., (2014), Varying high levels of faecal 
carriage of extended-spectrum beta-lactamase 
producing Enterobacteriaceae in rural villages in 
Shandong, China: Implications for global health, PLoS 
ONE, 9, e113121, 
https://doi.org/10.1371/journal.pone.0113121. 

Tacconelli E., Cataldo M.A., Mutters N.T., Bartoloni 
E.C.A., Raglio A., Cauda R.,  Mantengoli E.,  Luzzaro 
F., Pan A., Beccara L.A., Pecile P., Tinelli 
M, Rossolini G.M., (2019), Role of place of acquisition 
and inappropriate empirical antibiotic therapy on the 
outcome of extended-spectrum β-lactamase-producing 

Enterobacteriaceae infections, International Journal of 
Antimicrobial Agents, 54, 49-54. 

Tooke C.L., Hinchliffe P., Bragginton E.C., Colenso C.K., 
Hirvonen V.H.A., Takebayashi Y., Spencer J., (2019), 
β-Lactamases and β-Lactamase inhibitors in the 21st 
century, Journal of Molecular Biology, 431, 3472-
3500. 

Touati A., Medboua C., Touati D., Denine R., Brasme L., 
De Champs C., (2012), CTX-M-15-producing 
Enterobacteriaceae isolates causing bloodstream 
infections at the Beni-Messous hospital in Algiers, 
International Research Journal of Microbiology, 3, 
181-185. 

Tschudin-Sutter S., Lucet J.C., Mutters N.T., Tacconelli E., 
Zahar J.R., Harbarth S., (2017), Contact precautions for 
preventing nosocomial transmission of extended-
spectrum β lactamase producing Escherichia coli: A 
point/counterpoint, Review, Infectious Diseases, 65, 
342-7. 

Tsering D.C., Das S., Adhiakari L., Pal R., Singh T.S.K., 
(2009), Extended spectrum beta-lactamase detection in 
Gram-negative bacilli of nosocomial origin, Journal of 
Global Infectious Diseases, 1, 87-92. 

Wiegand I., Geiss H.K., Mack D., Sturenburg E., Seifert H., 
(2007), Detection of extended-spectrum beta-
lactamases among Enterobacteriaceae by use of 
semiautomated microbiology systems and manual 
detection procedures, Journal Clinical Microbiology, 
45, 1167-1174. 

Xu J., He F., (2019), Genomic analysis of two bacterial 
strains co-isolated from a urinary tract infection: NDM-
1-producing Enterobacter cloacae accompanied by 
extended-spectrum β-lactamase-producing Escherichia 
coli, Journal of Global Antimicrobial Resistance, 17, 
198-200. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


