Journal of Global Antimicrobial Resistance 11 (2017) 45-51

Contents lists available at ScienceDirect

joursaior GLOBAL
ANTIMICROBIAL

RESISTANCE

Journal of Global Antimicrobial Resistance

journal homepage: www.elsevier.com/locate/jgar

Resistance and clonality in Escherichia coli and Klebsiella spp. and
relationship with antibiotic consumption in major Lebanese hospitals

P
@ CrossMark

Ziad Daoud®*, Elie Salem-Sokhn?, Elias Dahdouh?, Jihad Irani®, Ghassan M. Matar®,
Shira Doron*

2 Department of Biomedical Sciences—Clinical Microbiology, Faculty of Medicine, University of Balamand, P.O. Box 33, Koura, Lebanon

b Saint George Hospital—UMC, Faculty of Medicine, University of Balamand, Beirut, Lebanon

< Department of Experimental Pathology, Immunology and Microbiology, Faculty of Medicine, American University of Beirut, Beirut, Lebanon
d Division of Geographic Medicine and Infectious Diseases, Tufts Medical Center, Tufts University School of Medicine, Boston,MA, USA

ARTICLE INFO ABSTRACT

Article history:

Received 28 April 2017

Received in revised form 8 July 2017
Accepted 19 July 2017

Available online 26 July 2017

Objectives: Extended-spectrum [3-lactamases (ESBLs) are increasingly detected globally among
Escherichia coli and Klebsiella spp. Studies show a link between inappropriate use of antibiotics and
resistance. In this study, the profiles of ESBLs in E. coli and Klebsiella spp. isolated from three Lebanese
hospitals and their relationship to antibiotic consumption were determined.
Methods: A total of 300 E. coli and 91 Klebsiella spp. isolates resistant to third- or fourth-generation
cephalosporins were collected between May 2011 and December 2012. Antibiotic susceptibility and
consumption data were also collected from 2010-2012. Double-disk synergy and Etest ESBL assays were
performed, followed by PCR for ESBL genes. Pulsed-field gel electrophoresis (PFGE) was performed for
Antibiotic consumption representative isolates. Statistical analysis for consumption and susceptibility data over 3 years was
Extended-spectrum (-lactamase performed.
ESBL Results: Similar to other Lebanese studies, CTX-M-15 was predominant. Among the Klebsiella spp. isolated
Cephalosporins in hospitals 1 and 2, 43% harboured four different ESBLs. Eight Klebsiella spp. and fourteen E. coli
pulsotypes were detected, showing genetic diversity among isolates. A significant correlation was
detected between total use of antimicrobial agents and resistance to various antibiotics. A correlation was
also detected between use of penicillins and resistance to aztreonam, ceftazidime and ciprofloxacin, and
use of third- and fourth-generation cephalosporins and resistance to ceftazidime, cefuroxime, cefoxitin
and ciprofloxacin in Klebsiella spp. (P < 0.05).
Conclusions: This study shows the predominance of CTX-M-15 among cephalosporin-resistant E. coli and
Klebsiella spp. in Lebanese hospitals. It also shows that the heightened use of antibiotics could be a driving
factor for resistance emergence.
© 2017 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All
rights reserved.
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1. Introduction

Antimicrobial-resistant Gram-negative bacilli pose a problem
that is of global concern. Among these organisms, Escherichia coli
and Klebsiella pneumoniae are associated with severe infections
resulting in prolonged illnesses in addition to high morbidity and
mortality rates [1,2]. Although E. coli and K. pneumoniae generally
remain susceptible to [-lactam antibiotics, the presence of
extended spectrum [3-lactamases (ESBLs) has resulted in the
development of resistance to broad-spectrum cephalosporins [3].
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This issue is especially evident in the Mediterranean region where
alarming rates of resistance to third-generation cephalosporins
have been reported among E. coli and K. pneumoniae isolates [4].
ESBLs are a large group of genetically diverse enzymes that
hydrolyse the [(3-lactam ring and lead to resistance [5]. The
diversity and increasing incidence of ESBLs found among members
of the Enterobacteriaceae family are of particular concern from a
clinical standpoint [6]. Furthermore, the emergence of resistant
bacterial strains has a significant negative economic impact on
healthcare systems and patients alike [7].

Treatment failure resulting from antimicrobial resistance is a
great concern for clinicians all over the world [8]. Antibiotic
overuse and abuse is partially responsible for the increasing
incidence of resistant micro-organisms [9]. A systemic review and
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meta-analysis showed a significant statistical correlation between
consumption of antibiotics and the rise of resistance in the
community (P<0.001) [10]. A similar finding was also reported
from a study that included outpatients from hospitals spread
across 26 European countries, where higher rates of resistance
were reported from countries with higher antibiotic consumption
[11]. In a previous study performed by our research group, a strong
correlation between consumption of imipenem, ciprofloxacin and
piperacillin/tazobactam and resistance to imipenem was demon-
strated for Pseudomonas aeruginosa [12]. In addition, a strong
correlation was observed in that study between the consumption
of ceftazidime and ofloxacin and resistance to imipenem in the
next year.

The present study was aimed at determining the genetic and
phenotypic characterisation of ESBLs in E. coli and Klebsiella spp.
isolated from three major Lebanese hospitals, in addition to
determining the relationship between antibiotic consumption and
resistance in these hospitals.

2. Materials and methods
2.1. Study design

E. coli and Klebsiella spp. strains demonstrating resistance to at
least one third-generation cephalosporins or fourth-generation
cephalosporin were obtained from the microbiology laboratories
of three major Lebanese hospitals. Hospital 1 (H1) was a 300-bed
university hospital located in the north of Lebanon that receives on
average 7000 admissions per year. Hospital 2 (H2) was a 400-bed
university hospital located in the capital, Beirut, and is considered
one of the busiest hospitals in the country. It receives on average
10,000 admissions per year. Hospital 3 (H3) was a 220-bed
community hospital located between H1 and H2, covering the
northern coastal area of the country. H3 receives an average of
5000 admissions per year. All three hospitals receive all types of
patients and have all the basic hospital units, including oncology,
surgery and paediatric units, with the exception of H2 that
additionally has a transplant unit.

Collection of isolates was performed on a daily basis from the 1
May 2011 to 31 December 2012. Bacterial isolates were obtained
only from inpatients. Outpatients and emergency room patients
who were not hospitalised were excluded from the study and,
subsequently, antibiotic consumption data related to these
patients were not considered. Isolates from the same patient,
same site of infection and having the same antimicrobial
susceptibility profile collected within a 1-year period were
considered duplicates and were therefore excluded from the
study. In addition, susceptibility data obtained from the records of
the clinical microbiology laboratories of the respective hospitals
over 3 years (2010-2012) were collected for the determination of
associations between antibiotic consumption and resistance.

2.2. Ethics statement
[solates were not obtained first-hand for the purposes of this
study but rather were collected during routine clinical procedures

at the respective hospitals. They were stored as pure bacterial
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cultures in the collection of the respective clinical microbiology
laboratory and they did not contain any human material. For this
study, strains were recovered from the collection and were labelled
in such a manner so as to irreversibly dissociate them from the
patient data. The study does not involve any human material or
patient data, therefore no approval from the respective ethics
committee was sought.

2.3. Isolation and identification

All of the samples were inoculated onto MacConkey agar plates
and were incubated aerobically at 37 °C for 24 h. Specific isolates
were then obtained and were verified as E. coli or Klebsiella spp.
using the API 20E system (bioMérieux, Marcy-I'Etoile, France)
according to the manufacturer’s instructions.

2.4. Double-disk synergy test (DDST)

Bacterial suspensions were prepared at a concentration
10® CFU/mL and were inoculated onto Mueller-Hinton agar plates.
Disks supplemented with cefotaxime (30 pg), ceftazidime (30 w.g),
cefpodoxime (10 pg), cefepime (30 wg), cefoxitin (30 wg) and
aztreonam (30 pg) (Bio-Rad, Nazareth, Belgium) were placed on
the agar surface 25 mm from a central amoxicillin/clavulanic acid
(AMC) (20/10 g) disc (centre-to-centre). The plates were then
incubated aerobically for 24 h at 37°C. In line with Clinical and
Laboratory Standards Institute (CLSI) guidelines [13], isolates were
considered ESBL-producers when the zone of inhibition around
any of the extended-spectrum cephalosporin disks showed a
visible expansion towards the antibiotic disk that contained AMC
(keyhole effect), with susceptibility to cefoxitin at the same time
[14].

2.5. Etest extended-spectrum B-lactamase assay

The Etest method was performed on all third-generation
cephalosporins-resistant strains for confirmation of ESBL produc-
tion. Etest ESBL strips (AB Biodisk, Solna, Sweden) with gradient
concentrations of ceftazidime at one end and ceftazidime +clav-
ulanic acid on the other were used. These Etest ESBL strips were
placed on a Mueller-Hinton agar plate after the bacteria were
inoculated (at a concentration of 106 CFU/mL). The agar plates were
then incubated aerobically for 24 h at 37 °C. ESBL production was
considered positive if the ratio of the minimum inhibitory
concentration (MIC) of ceftazidime to the MIC of ceftazidime +
clavulanic acid was >8 [15]. The presence of a phantom zone or a
deformation around the ceftazidime strip also indicated ESBL
production [16].

E. coli ATCC 25922, E. coli ATCC 35218 and K. pneumoniae ATCC
700603 reference strains were used for the DDST and Etest ESBL
assays.

2.6. Multiplex PCR for extended-spectrum B-lactamase detection and
gene sequencing

DNA was extracted from bacterial strains using a commercial kit
(bioMérieux). Multiplex PCR was used to determine the presence

Forward and reverse primers for detection of extended-spectrum (3-lactamase (ESBL) genes using multiplex PCR.

Enzyme Forward primer

Reverse primer

blasyy (237 bp)
blargm (445 bp)
blacrx-m (593 bp)
blaoxa (813 bp)

5'-CTTTATCGGCCCTCACTCAA-3'

5'-ACACAATACATATCAACTTCGC-3'

5'-CGCCGCATACACTATTO0043TCAGAATGA-3'
5'-ATGTGCAGYACCAGTAARGTKATGGC-3’

5'-AGGTGCTCATCATGGGAAAG-3'
5'-ACGCTCACCGGCTCCAGATTTAT-3'
5'-TGGGTRAARTARGTSACCAGAAYCAGCGG-3'
5'-AGTGTGTTTAGAATGGTGATC-3’
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of blactx-m, blasyy, blatgy and/or blagyxa. The primers are listed in
Table 1 and the PCR conditions were as previously described
[17-22]. PCR products of the blacrx.p amplicons were purified and
were treated with ExoSAP-IT enzyme (USB, Santa Clara, CA) at an
amplicon:enzyme ratio of 2:1. The DNA segments were then
sequenced by the Sanger dideoxynucleotide chain termination
method using an ABI Prism Big Dye Terminator Cycle Sequencing

Dice (1910 9%09%) (0.0% 550 0%) P 0% 100 0%]
Xbal

Reaction Kit (Applied Biosystems, Inc., Foster City, CA) on an ABI
Prism 3130 Automated Sequencer (Applied Biosystems, Inc.).
Sequences were analysed using the data collection software v.2.0
and sequence analysis software v.5.1.1 provided with the system.
The sequences were then identified by comparison with sequences
in the National Center for Biotechnology Information (NCBI)
database using the BLAST tool.
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Fig. 1. Dendrogram of pulsed-field gel electrophoresis (PFGE) patterns showing different clones using Xbal enzyme for 100 extended-spectrum [-lactamase (ESBL)-
producing Escherichia coli strains. PFGE results revealed 77 distinct restriction profiles of E. coli, considering as significant difference of a single band, indicating the presence of
77 clones. The isolates were clustered in 63 groups of 70% similarity with 76 subgroups of closely related (similarity > 85%) PFGE profiles. The results were generated using
BioNumerics software and the degree of similarity (%) is shown in the scale.
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2.7. Pulsed-field gel electrophoresis (PFGE)

PFGE was used to determine the clonality of different isolates of
E. coli and Klebsiella spp. PFGE was carried out using a CHEF
MAPPER (Bio-Rad, Austin, TX). DNA was digested using Xbal
enzyme (Thermo Fisher Scientific,c Waltham, MA) for E. coli
(n=100) and Klebsiella spp. (n=85) to determine their genomic
relatedness using the standard operating procedure for PulseNet
PFGE of E. coli 0157:H7, E. coli non-O157 (STEC), Salmonella
serotypes, Shigella sonnei and Shigella flexneri [23]. It is important
to note that due to certain limitations of the study, it was not
possible to perform PFGE for all of the isolates, but instead it was
performed for the first 34% of the ESBL-producing E. coli isolates
obtained from each of the three hospitals. DNA patterns were
visualised as described above and a dendrogram showing percent
genomic DNA relatedness among tested isolates was generated
using BioNumerics software (Applied Maths, Ghent, Belgium). Cut-
off values of 85% were used in order to define a new cluster.
Tolerance and optimisation in the software were both set at 1.5%
(Fig. 1).

2.8. Antibiotic agents and consumption data

Antibiotic consumption data, expressed in defined daily doses
(DDD) per 100 bed-days of penicillins (penicillins with extended-
spectrum without antipseudomonal activity, [3-lactamase-resis-
tant penicillins, and combinations of penicillins with 3-lactamase
inhibitors), cephalosporins (first-, second-, third- and fourth-
generation cephalosporins), monobactams, carbapenems, quino-
lones and trimethoprim/sulfamethoxazole (SXT) from 1 January
2010 to 31 December 2012 were obtained from the pharmacy
departments of the participating hospitals. Determination of DDD/
100 bed-days was done using the ABC calc. sheet (http://amu-
tools.org/amctool/amctool.html). Consumption was reported in 6-
month increments.

2.9. Statistical analysis

Linear regression analysis was used to analyse the trend in the
6-month consumption of antimicrobial agents and the trend in

Table 2
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susceptibility of E. coli and Klebsiella spp. isolated from the
participating hospitals. Pearson’s correlation coefficient was used
to determine the relationship between 6-month antibiotic
consumption and trends in susceptibility. A P-value of <0.05
was considered statistically significant.

2.10. Accession numbers
Since most of the sequences showed 100% identity to one

another, representative sequences were uploaded to GenBank
under accession nos. KY927155-KY927164, consecutively.

3. Results

3.1. Antimicrobial susceptibility and extended-spectrum fB-lactamase
production

In total, 300 E. coli isolates and 91 Klebsiella spp. isolates
collected between May 2011 and December 2012 presented
resistance to at least one third- or fourth-generation cephalospo-
rin. All 391 isolates revealed a positive result when tested by the
DDST and showed a keyhole effect with at least one third- or
fourth-generation cephalosporin or aztreonam. In addition, all 391
isolates gave MIC ratios of ceftazidime:ceftazidime +clavulanic
acid of >8 using the Etest ESBL strip, thus confirming ESBL
production by two methods.

Antimicrobial susceptibility profiles were obtained from the
hospital databases from 2010-2012 over 6-month intervals.
Tables 2 and 3 show the susceptibility profiles of E. coli and
Klebsiella spp. in the three hospitals over this period. The general
trend shows very low susceptibility of E. coli to ampicillin. In all
three hospitals, there was a decrease in SXT activity against E. coli
over time. Except for H3, ciprofloxacin maintained consistent
activity against E. coli. Stable susceptibility of E. coli to third- and
fourth-generation cephalosporins and cefoxitin over time implies
arelatively stable prevalence of ESBLs. A similar observation can be
made with Klebsiella spp. (Table 3), demonstrating a relatively
lower rate of susceptibility to ceftazidime in H2 than in H1 and H3.

Of the 300 ESBL-producing E. coli isolates that were isolated
from 2011-2012, 64% were from female patients. The most

Susceptibility rates of Escherichia coli to antimicrobial agents, by semester, over three consecutive years (two measures per year). Data were obtained from the respective

hospital records from 2010-2012.

Hospital Year Semester Susceptibility rate (%)
AMP AMC ATM CAZ CXM FOX FEP CIP PIP TZP SXT
H1 2010 S1 32 68 75 76 65 92 78 68 37 90 49
S2 40 75 83 84 72 98 86 76 41 94 46
2011 S1 35 70 71 76 66 83 78 68 40 89 45
S2 33 67 70 75 63 81 76 67 38 88 45
2012 S1 38 72 83 84 73 90 86 77 40 90 45
S2 30 64 74 75 62 81 74 70 33 84 41
H2 2010 S1 29 66 79 83 81 95 84 72 1 99 49
S2 28 65 77 82 79 93 82 70 10 99 48
2011 S1 28 64 81 81 78 91 82 68 10 99 48
S2 27 63 80 80 76 90 81 67 8 98 49
2012 S1 26 61 79 79 75 90 82 68 13 98 46
S2 25 60 77 78 74 89 79 69 10 99 45
H3 2010 S1 29 77 75 84 67 92 85 57 15 94 45
S2 27 72 74 82 65 93 82 55 14 93 45
2011 S1 25 70 73 81 65 91 81 53 9 94 41
S2 24 66 72 79 66 90 80 50 10 92 39
2012 S1 25 69 69 74 63 92 74 49 11 91 42
S2 26 65 67 71 61 91 73 49 10 90 41

AMP, ampicillin; AMC, amoxicillin/clavulanic acid; ATM, aztreonam; CAZ, ceftazidime; CXM, cefuroxime; FOX, cefoxitin; FEP, cefepime; CIP, ciprofloxacin; PIP, piperacillin;

TZP, piperacillin/tazobactam; SXT, trimethoprim/sulfamethoxazole.
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Table 3

Susceptibility rates of Klebsiella spp. to antimicrobial agents by semester, over three
consecutive years (two measures per year). Data were obtained from the respective
hospital records from 2010-2012.

Hospital Year Semester Susceptibility rate (%)

AMC ATM CAZ CXM FOX FEP CIP TZP STX

H1 2010 s1 65 74 71 62 89 69 77 77 53
S2 71 78 76 66 92 74 83 80 49

2011 S1 67 69 65 59 86 65 75 79 44

S2 68 70 66 61 88 68 77 79 49

2012 S1 74 81 80 71 84 80 85 82 58

S2 68 77 76 69 81 76 80 80 56

H2 2010 S1 44 52 53 53 91 56 63 90 51
S2 43 54 57 57 89 61 65 92 52

2011 S1 45 51 54 54 88 54 61 94 53

S2 44 50 52 52 86 58 59 94 49

2012 S1 47 49 51 51 86 53 58 80 44

S2 45 47 48 48 84 52 57 86 49

H3 2010 S1 81 72 89 73 9 91 76 93 58
S2 78 70 86 71 94 86 74 94 56

2011 S1 77 68 79 70 94 80 72 94 60

S2 76 67 76 68 95 78 70 92 58

2012 S1 76 68 75 67 95 76 69 91 58

S2 74 65 72 65 94 73 67 93 57

AMC, amoxicillin/clavulanic acid; ATM, aztreonam; CAZ, ceftazidime; CXM,
cefuroxime; FOX, cefoxitin; FEP, cefepime; CIP, ciprofloxacin; TZP, piperacillin/
tazobactam; SXT, trimethoprim/sulfamethoxazole.

common source (88%) was urine, whilst 6% came from sputum, 4%
from pus and 2% from blood. Regarding the 91 ESBL-producing
Klebsiella spp. strains, 57.5% were isolated from female patients,
with 57.5% coming from urine, 27.5% from sputum, 10% from blood,
2.5% from sonicated catheter tips and 2.5% from pus. It is important
to note that the patients’ medical files were not accessible for this
study and therefore the differentiation between infection and
colonisation for urine samples was not possible. Another impor-
tant issue to highlight is that the obtained sputum samples hold a
risk of being contaminated and may not be highly representative.

3.2. Prevalence of extended-spectrum B-lactamase genes

PCR for the most common ESBL genes was performed and
amplicons of the blacrx.ym gene were sequenced. As shown in
Table 4, CTX-M-15 was the predominant ESBL and was found in
100% of ESBL-producing E. coli and Klebsiella spp. (with the
exception of Klebsiella spp. of H2 where 91% were positive for
blacrx.m, of which 86% were CTX-M-15-producers). SHV-5a was
more frequent in Klebsiella spp. isolates than E. coli. In addition,
blargy positivity varied between 58% and 100% in E. coli and
between 85% and 90% in Klebsiella spp. Moreover, 20-53% of ESBL-
producing strains were positive for blagxa. Table 5 shows the high
occurrence of multiple ESBLs in the same isolate, where 43% of
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Klebsiella spp. in H1 and H2 demonstrated co-existence of the four
ESBL types.

3.3. Pulsed-field gel electrophoresis analysis

PFGE analysis was performed for representative isolates
obtained at equal percentages from the three hospitals. This
analysis showed genomic diversity among ESBL-producing E. coli
and Klebsiella spp. isolates. Based on 85-100% genomic DNA
relatedness, there were 8 clusters detected among Klebsiella spp.
isolates and 14 clusters among E. coli. There was no evidence of a
major clonal relationship among ESBL-producers by PFGE.

3.4. Relationship between antibiotic consumption and resistance

Antibiotic consumption data were obtained from the respective
hospitals from 2010-2012 and statistical analyses were carried out
to determine associations with resistance. In general, usage of each
antibiotic varied with time. Extended-spectrum cephalosporins
(including all fourth-generation cephalosporins and monobac-
tams) were the antibiotics most commonly used, specifically third-
and fourth-generation cephalosporins (Supplementary Tables S1
and S2 in the online version at DOI: 10.1016/j.jgar.2017.07.011).
When consumption of antibiotics was compared between H1, H2
and H3, there were significant differences in all classes, except for
penicillins with antipseudomonal activity, monobactams and
carbapenems (P<0.05). In H1, no significant difference in
consumption of the various antibiotic classes was seen over time,
whilst both in H2 and H3 significant changes in consumption of
penicillins were seen (P < 0.05) where more of these antibiotics
were used over time.

Total use of antibiotics was positively correlated with
resistance to [3-lactams in E. coli (P<0.05) (Supplementary
Table S3 in the online version at DOI: 10.1016/j.jgar.2017.07.011).
Namely, this correlation was observed for ceftazidime, ampicil-
lin, AMC, cefoxitin and ciprofloxacin. These correlations varied
from one hospital to another, with a correlation coefficient as
low as —1 between consumption and AMC sensitivity in H3
(P<0.05), indicating a strong relationship between consumption
and resistance. In H2, significant correlations were seen between
the use of third-generation cephalosporins and E. coli resistance
to ceftazidime (—0.829), cefuroxime (—0.829), cefoxitin (—0.812)
as well as to ampicillin and AMC (P < 0.05). Similarly, in H3 a
very high correlation was found between the use of fourth-
generation cephalosporins and resistance of both micro-organ-
isms to AMC, aztreonam and ceftazidime (—-0.986 for each
antibiotic) (P<0.05). In this same hospital, consumption of
fourth-generation cephalosporins also highly correlated with
resistance of E. coli to ciprofloxacin (P < 0.05). A clear correlation
was observed between total antibiotic use and resistance of
Klebsiella spp. to ceftazidime (—0.771 in H1 and H2), cefuroxime

Table 4
Occurrence of different extended-spectrum [3-lactamase (ESBL) genes in Escherichia coli and Klebsiella spp. isolated from three Lebanese hospitals, 2011-2012.
ESBL gene Hospital 1 Hospital 2 Hospital 3
E. coli (n=100) Klebsiella spp. (n=40) E. coli (n=119) Klebsiella spp. (n=31) E. coli (n=81) Klebsiella spp. (n=20)
blacrxm (%) 100 100 100 91 100 100
blacrx-m-15 (% of blacrx-m-positive) 100 100 100 86 100 100
blargm (%) 68 88 58 90 100 85
blasyy (%) 29 75 41.2 100 33 81
blasyy-sa (% of blaspy-positive) 100 100 100 100 100 100
blaoxa (%) 36 53 47 52 20 23
blacrx-m-15 alone (%) 71 25 59 0 67 19
blacrxm-1s * blaspy-sa (%) 29 75 41 78 33 81
blasyy.s, alone (%) 0 0 0 22 0 0
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Table 5
Co-expression of extended-spectrum {3-lactamases (ESBLs) in Escherichia coli and Klebsiella spp. isolates.
No. of ESBL types Hospital 1 Hospital 2 Hospital 3
E. coli Klebsiella spp. E. coli Klebsiella spp. E. coli Klebsiella spp.
All four 14% 43% 24% 43% 31% 18%
Three 19% 30% 41% 21% 44% 51%
Two 53% 28% 13% 30% 15% 27%
One 14% 0% 22% 6% 10% 4%

(—0.812 in H1, —0.771 in H2 and —0.943 in H3) and ciprofloxacin
(—0.886 in H2 and -0.943 in H3) (P<0.05) (Supplementary
Table S4 in the online version at DOI: 10.1016/j.jgar.2017.07.011).
Increased use of penicillins in H1 correlated with resistance of
Klebsiella spp. to AMC (-0.899); in H2, use of penicillins
correlated with Klebsiella spp. resistance to aztreonam (—0.943),
ceftazidime (-0.829), cefoxitin (—0.986) and ciprofloxacin
(—0.943) (P<0.05). The figures in H3 regarding consumption
of penicillins were similar to H2, with correlation coefficients as
high as —0.986 with aztreonam, —0.943 with ceftazidime and
—0.943 with ciprofloxacin (P < 0.05). Highly significant correla-
tions between the consumption of third- and/or fourth-genera-
tion cephalosporins were observed with resistance of Klebsiella
spp. to ceftazidime, cefuroxime, cefoxitin and ciprofloxacin in H2
and H3; this was less evident in H1 (P<0.05).

4. Discussion

In Gram-negative bacilli, production of ESBLs is the most
common mechanism of antimicrobial resistance to [3-lactam
agents [24]. The incidence of ESBL-positive isolates has been
increasing in many countries, including Lebanon [25]. The
consequences of infection with ESBL-producing organisms can
be significant and could result in increased morbidity and
mortality [26]. In Lebanon, an increase in the prevalence of
ESBL-producing bacteria has been observed from 2000 to date
[27,28]. The increase in ESBL production has been noted for E.
coli and Klebsiella spp. as well as for other Enterobacteriaceae. In
2005, blactx-m-15 was the predominant ESBL gene in the country
[29,30]. Although several studies have addressed ESBL produc-
tion in Lebanon, most of them remain confined to single centres
that are mostly located in the capital, Beirut. In this context, the
current study is the first to address the molecular epidemiology
of ESBL-producing E. coli and Klebsiella spp. and their relation-
ship with antibiotic consumption at a multicentre level. The
susceptibility results show relatively stable rates of prevalence of
ESBLs over a 3-year period. Consistent with other studies from
the region, phenotypic and molecular analyses suggest a
widespread presence of CTX-M among ESBL-producing E. coli
and Klebsiella, and specifically CTX-M-15. The high prevalence of
CTX-M-15 detected in this study is in accordance with the
results of regional and international studies. In Europe, there has
been a dramatic increase in blacrx.m genes at the expense of
blargy and blasyy [31]. Nevertheless, other types of ESBLs, such
as PER, GES and OXA, still exist and are mostly isolated from
non-fermenters. The emergence of this gene (CTX-M) in ESBL-
producers suggests the involvement of co-resistance as an
evolutionary process. The emergence of CTX-M might be due to
the transmission of different types of resistance genes within the
same clone. In general, blacrx.v genes are found on large
plasmids that carry additional genes for resistance to other
antibiotics [32]. The current results (Tables 4 and 5) show a high
rate of co-existence of all four types of [3-lactamases in E. coli
and Klebsiella spp. In most cases, if an isolate carried only one
type of (-lactamase, it was CTX-M-15.

In this study, the correlation between antibiotic consumption
and antimicrobial resistance of E. coli and Klebsiella spp. isolated
from inpatients was evaluated. In E. coli, the increase in use of
third- and/or fourth-generation cephalosporins correlated with
resistance to aztreonam and ceftazidime in two of the three
hospitals (P < 0.05). In two hospitals, an increase in consumption of
third- and fourth-generation cephalosporins correlated strongly
with a decrease in susceptibility to ciprofloxacin (P < 0.05). This is
explained by the classical occurrence of multiple resistance genes
on the same plasmid carrying the blactx.m gene [32]. Apparently,
rates of susceptibility of E. coli to AMC were also affected by
consumption of penicillins and cephalosporins. A non-uniform
relationship has been revealed for each bacterium regarding the
correlation between antibiotic prescription and resistance in
Gram-negative bacteria. It has been proposed [6] that for each
antimicrobial agent or class, there is a level of use (consumption
threshold) that, once exceeded, will eventually lead to the
emergence of resistance. In the current study, it is not easy to
elaborate on this point in view of the relatively high consumption
of third- and fourth-generation cephalosporins, which are the
antibiotics that appeared to have the greatest effect on bacterial
resistance. Moreover, it was difficult to rule out the possibility that
the change in ESBL rates from 2010 to 2012 actually drove the
changes in antibiotic consumption since the data for these years
were collected from the hospitals’ database and routine testing for
ESBL production was not performed for these isolates.

PFGE analysis demonstrated genomic diversity among E. coli
and Klebsiella spp. isolates. There were 8 clusters detected among
Klebsiella spp. isolates and 14 clusters among E. coli. Correlation of
PFGE types and ESBL-producers did not demonstrate a major clonal
relationship among these ESBL-producers (P < 0.05).

In the last 15 years, ESBLs have gone from being the subject of
laboratory experimentation to a reality of enormous medical
importance [33]. This study provides insights into the epidemiol-
ogy of Enterobacteriaceae resistance in the Middle East, the
relationship between antibiotic usage and resistance, as well as
evidence of the wide spread of CTX-M-15 ESBL. Additional global
epidemiological monitoring is needed in order to fully compre-
hend the nature of this resistance crisis.
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