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Abstract: The emergence and spread of multidrug resistant Enterobacterales (MDR-E) are a global
public health issue. This problem also concerns urinary tract infections (UTI), which are the second
most frequent infections after respiratory infections. The objective of this study was to determine
MDR-E frequency and to characterize MDR-E isolates from patients with community-acquired UTIs
in Djibouti, Republic of Djibouti. From 800 clinical urinary samples collected at the Mer Rouge
Laboratory, Djibouti, from January to July 2019, 142 were identified as Enterobacterales (age range
of the 142 patients mean age is 42 years.) Mass spectrometry analysis of these isolates identified
117 Escherichia coli, 14 Klebsiella pneumoniae, 2 Proteus mirabilis, 4 Enterobacter spp., 4 Providencia
stuartii and 1 Franconibacter helveticus. Antibiotic susceptibility testing (disk diffusion method) of
these 142 isolates detected 68 MDR-E (68/142 = 48%): 65 extended-spectrum béta lactamase- (ESBL),
2 carbapenemase- (one also ESBL), and 1 cephalosporinase-producer. Multiplex PCR and sequencing
showed that the 65 ESBL-producing isolates carried genes encoding CTX-M enzymes (CTX-M-15
in 97% and CTX-M-9 in 3% of isolates). Two isolates harboured a gene encoding the OXA-48-like
carbapenemase, and one the gene encoding the AmpC CMY-2 cephalosporinase. Genes implicated in
resistance to quinolones (qnrB, aac (6')-Ib-cr, qnrD, ogqxA and B) also were detected. Among the E.
coli phylogroups, B2 was the most common phylogenetic group (21% of MDR-E isolates and 26% of
non-MDR-E isolates), followed by A (14% and 12%), B1 (9% and 7%), D (3% and 3%), F (3% and 3%)
and E (2% and 2%). This study highlights the high frequency of ESBL producers and the emergence
of carbapenemase-producers among Enterobacterales causing community-acquired UTIs in Djibouti.

Keywords: urinary tract infections; Enterobacterales; extended-spectrum beta-lactamase carbapenemases;
community; Djibouti

1. Introduction

Community-acquired urinary tract infections (UTI) are a public health problem world-
wide and the second most frequent infections after respiratory infections [1].

Importantly, UTI epidemiology has changed due to the emergence of extended spec-
trum beta-lactamase (ESBL)-producing Enterobacterales (ESBL-E) [2,3]. Until the late 1990s,
the majority of identified ESBLs were TEM-1/2 or SHV-1 mutants. The producing strains
were often associated with nosocomial epidemics, and the prevalence of ESBL producers
was higher in Klebsiella pneumoniae than in Escherichia coli isolates [4,5].

However, in the late 1980s—early 1990s, new ESBL types were reported in Europe
(MEN-1, CTX-M-1, PER-1), Japan (SFO-1, Toho-1), Argentina (CTX-M-2, PER-2) and Mexico
(TLA-1) [4,6,7]. Since the 2000s, CTX-M-producing E. coli strains are the main ESBL-E de-
tected in adult and paediatric UTIs, including in community settings. This phenomenon has
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accelerated in recent years, and CTX-M is now the main ESBL worldwide. The significant
increase in ESBL-E prevalence has led to a parallel increase in carbapenem prescriptions
in hospital and community settings [3,8,9]. Consequently, recently, Enterobacterales pro-
ducing beta-lactamases that hydrolyse class A, B and D carbapenems have been identified
worldwide [10]. OXA-48-type (class D) carbapenemases were first detected in K. pneumoniae
in Turkey in 2001 [11]. Since then, Enterobacterales producing these enzymes have been
found worldwide [12,13]. This is a public health issue because these bacteria are often
ESBL-producers, and may also exhibit resistance to other antibiotic classes, particularly
fluoroquinolones and aminoglycosides [14]. Therefore, the objective of this study was
to determine the rate of multidrug-resistant Enterobacterales that produce ESBL, AmpC
beta-lactamases, carbapenemases and beta-lactamases, as well as their antibiotic resistance
profiles in patients with UTI in Djibouti, Republic of Djibouti.

2. Results
2.1. Bacterial Isolates and Patient Characteristics

Among the 327 bacterial strains isolated from patients with community-acquired UTlIs,
200 were Enterobacterales (61.2%), 93 were Gram-positive cocci (28.4%; Enterococcus spp.,
Streptococcus spp. and Staphylococcus spp.), and 34 were Gram-negative non-fermenting
bacilli (10.4%, Acinetobacter spp. and Pseudomonas aeruginosa). However, only 142 (71%)
of the 200 Enterobacterales isolates could be analysed. Enterobacterales were represented
by seven species: E. coli (n = 117, 82.4%), K. pneumoniae (n = 14, 9.8%), Providencia stuartii
(n =4, 2.8%), Enterobacter cloacae (n = 3, 2.2%), Proteus mirabilis (n = 2, 1.4%), Enterobacter
kobei (n =1, 0.7%) and Franconibacter helveticus (n = 1, 0.7%). The age of these 142 patients
ranged from 1 to 85 years, and 61 (43%) were men.

2.2. Multidrug-Resistant Enterobacterales (MDR-E) Isolates

Antimicrobial susceptivity testing indicated that among these 142 isolates, 68 (48%)
were MDR-E and 77 were non-MDR-E (53.5%). PCR analysis indicated that 65/68 (95.5%)
produced ESBL (n = 58, 41%, E. coli and n = 7, 5%, K. pneumoniae), 1 E. coli isolate (1%) pro-
duced ESBL and carbapenemase, and 1 E. coli isolate (1%) 1 cephalosporinase. Analysis of
the risk factors showed no significant difference in the MDR-E and non-MDR-E percentages
in the function of the patients” age (Table 1). Conversely, the MDR-E rate was significantly
higher in women than men (43% vs. 57%, p < 0.005), and in patients who reported previous
antibiotic use (53% vs. 18.4%, p < 0.005).

Table 1. Characteristics of urinary Enterobacterales studied according to their production of ESBL or not.

Factors. ESBL-Producing (n = 65) non-ESBL-Producing (n = 77)

Age (years) N (%) N (%)
15-24 years 19 (13%) 30 (21%)
25-49 years 32 (23%) 24 (17%)
>50 years 14 (10%) 23 (16%)

Sex

Male 21 (15%) 40 (28%)
Female 44 (31%) 37 (26%)

Previous use of antibiotics

(last 3 months) 35 (54%) 14 (18%)

2.3. Antibiotic Resistance Patterns

Among the 142 Enterobacterales isolates, the percentage of antibiotic-resistant isolates
was higher in the MDR-E than non-MDR-E group: to fluoroquinolone (86.3% vs. 22.9%;
p < 0.005), aminoglycosides (56% vs. 5.3%; p < 0.005), tetracycline (77.3 vs. 32.9%; p < 0.005)
and sulfamethoxazole-trimethoprim (77.3 % vs. 30.3%; p < 0.005) (Figure 1). In both
groups, few isolates were resistant to fosfomycin (15.1% and 10.5%) and chloramphenicol
(87.46% and 12.49%). All 142 isolates were sensitive to colistin (MIC < 2 mg/L). Two
carbapenemase-producing isolates were resistant to ertapenem.
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Figure 1. Antibiotic resistance profile of Enterobacterales isolates.

2.4. Molecular Characterization of Beta-Lactamases and Encoding Genes

The results of the PCR and sequencing analyses showed that CTX-M group 1 was
the most frequent ESBL type (97% of isolates; 96% of E. coli and 100% of K. pneumoniae
isolates) and was encoded exclusively by the blaCTX-M-15 gene (Table 2). Two E. coli
isolates harboured the CTX-M group 9 ESBL type and the blaCTX-M-14 gene. Genes
encoding CTX-M ESBL were detected alone in three samples (4.6%), and associated with
one or two other beta-lactamase-encoding genes (blaTEM and blaOXA) in 62 isolates
(95.4%). The blaSHV gene was not detected. Two CTX-M-15-producing E. coli isolates
co-expressed the OXA-48 enzyme, and one non-ESBL-producing E. coli isolate harboured
the gene encoding the AmpC enzyme CMY-2 (Table 2). Genes involved in resistance to
quinolones, such as qnrB (n = 2 MDR-E isolates), aac (6')-Ib-cr (n = 15 MDR-E isolates),
qnrD (n = 3 MDR-E isolates) and oqxA and B (n = 5 MDR-E isolates) also were detected
(Table 2). The armA, rmtA and rmtB genes, implicated in resistance to aminoglycosides,
were not detected.

Table 2. Molecular characterization of Escherichia coli and Klebsiella pneumoniae isolates from outpa-
tients with urinary infection.

Resistance to

Isolate Beta-Lactamases Carbapenemases Phylogroup Sequence Type Quinolones
E. coli13 CTX-M-15+0OXA-1 B2 ST-43 qnrB

E. coli7U OXA48 A ST2450

E. coli49 CTX-M-15+0OXA-1 B2 ST-43 qnrA

E. coli53 CTX-M-15+OXA-1 B2 ST-43

E. coli48 CTX-M-15+0OXA-1 B2 ST-43 qnrA

E. coli56 CIX-M-15+TEM-, B2 ST-43

OXA-1
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Table 2. Cont.

Resistance to

Isolate Beta-Lactamases Carbapenemases Phylogroup Sequence Type Quinolones
E. coli95 CTX-M-15+OXA-1 B2 ST-43
E. coli6a Sf(’j\“f 15+TEM-1, B2 ST-43 qniD
E. colill g(ﬁl\l’[ 15+TEM-1, B2 ST-43 qneC
E. coli24 CTX-M-15+OXA-1 B2 ST-43 qnrC
E. colid3 CTX-M-15+OXA-1 B2 ST53 qntD
E. coli55 CTX-M-15+OXA-1 F ST2
E. colidl g()/:hl’[ 15+TEM-1, B2 ST53 0qxAB
E. coli49 CTX-M-14+OXA-1 D ST829 0qxAB
E. coli58 CTX-M-15+OXA-1 A ST692 qnrC
E. coli95 g()f\l\l/[ 15+TEM-1, A ST698 qnrA
E. coli02 CTX-M-14+OXA-1 A ST2 0qxAB
E. coli13 Sf@f\“f 15+TEM-1, Bl ST954 qntD
E. coli75 CTX-M-15+OXA-1 A ST690 0qxAB
E. coli98 CTX-M-15+OXA-1 D ST44
E. coli91 CTX-M-15 B2 ST-43
E. coli08 CTX-M-15+TEM-1 D ST44 qnrA
E. coli39 CTX-M-15+OXA-1 B2 ST53 qnrA
. CTX-M-15+TEM-1,
E. coli08 OXA B2 ST53
E. coli6d CTX-M-15+OXA-1 B2 ST53
E. coli19 géil\l/[ 15+TEM-1, B2 ST53 qnrA
E. colil4 CTX-M-15+TEM-1 F ST2
E. coli78 CTX-M-15+OXA-1 F ST2
E. coli49 CTX-M-15 B2 ST-43
E. coli28 CTX-M-15+OXA-1 B2 ST-43 qnrA
E. coli21 CTX-M-15+OXA-1 B2 ST-43 qnrA
E. coli37 CTX-M-15+OXA-1 B2 ST-43
E. coli28 CTX-M-15+OXA-1 B2 ST-43
E. coli05 CTX-M-15+OXA-1 B2 ST-43 qnrA
E. coli81 CTX-M-15+OXA-1 B2 ST-43
. CTX-M-15+TEM-1,
E. coli88 OXAL B2 ST-43
E. colill CTX-M-15+OXA-1 B2 ST-43
E. coli67 g&il\{[ 15+TEM-, B2 ST-43 gnrA
E. coli32 CTX-M-15+OXA-1 A ST500
E. coli30 CTX-M-15 Bl ST741
E. coli31 CTX-M-15+OXA-1 Bl ST741
E. coli78 CTX-M-15+OXA-1 Bl ST960
. CTX-M-15+TEM-1,
E. coli53 OXAL Bl ST960
E. coli95 CTX-M-15+OXA-1 Bl ST960
E. coli4U CTX-M-15+OXA-1 OXA48 C ST410
E. coli10 CTX-M-15+OXA-1 A ST692
E. coli54 CTX-M-15+TEM-1 A ST692
E. coli06 CTX-M-15+OXA-1 A ST692
E. coli90 CTX-M-15+OXA-1 A ST692
E. coli30 CTX-M-15+OXA-1 A ST692
. CTX-M-15+TEM-1,
E. coli76 OXA-1 A ST692
E. coli 29 CTX-M-15+OXA-1 A ST692
E. coli75 CTX-M-15+OXA-1 A ST692
E. coli90 CTX-M-15+TEM-1 D ST829
E. coli26 CTX-M-15+TEM-1 D ST829
E. coli063 CTX-M-15+TEM-1 E ST244
E. coli63 CTX-M-15+OXA-1 E ST244
E. coli076 CTX-M-15+TEM-1 F ST2
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Table 2. Cont.

Isolate Beta-Lactamases Carbapenemases Phylogroup Sequence Type Resistance to

Quinolones
K. CTX-M-15+ OXA-1 ST592
pneumoniae20
K CTX-M-15+ OXA-1 ST464
pneumoniae54
K CTX-M-15+TEM-1 ST29
pneumoniae03
K CTX-M-15+ OXA-1 ST889
pneumoniaell
K.
pneumoniae26 S1732 qnrA
K.
pneumoniae43 ST16
K. CTX-M-15+ OXA-1 ST485
pneumoniael3
K CTX-M-15+ OXA-1 ST889
pneumoniae710
K.

. CTX-M-15+ OXA-1 ST464
pneumoniae50

2.5. Molecular Epidemiology Typing

The phylogenetic group assignment of the 117 E. coli isolates (n = 59 MDR-E and
n = 58 non-MDR-E) is summarized in Table 3. B2 was the most common phylogenetic
group (21% of MDR-E isolates and 26% of non-MDR-E isolates), followed by A (14% and
12%), B1 (9% and 7%), D (3% and 3%), F (3% and 3%) and E (2% and 2%).

Table 3. Molecular characterization and Phylogenetic Group Assignment of ESBL-EC.

Phylogenetic Group MDR-E non-MDR-E Total ESBL-EC
N (%) N (%) N (%)

B2 24 (21%) 26 (22%) 50 (43%)

A 16 (14%) 14 (12%) 30 (26%)

Bl 10 (9%) 8 (7%) 18 (15%)

D 4 (3%) 4 (3%) 8 (6%)

F 3 (3%) 4 (3%) 7 (6%)

E 2 (2%) 2 (2%) 4 (4%)

Total 59 (5%) 58 (50%) 117 (100%)

The sequence type (ST) for MDR-E E. coli isolates and MDR-E K. pneumoniae isolates is
shown in Table 2.

3. Discussion

Over the last decade, Gram-negative ESBL-E have emerged as serious pathogens
in hospitals and in the community worldwide [15]. As the emergence of ESBL-E varies
in different regions of the world [16], antibiotic resistance must be precisely monitored
to propose empirical treatment policies. The increase of ESBL-E is a heavy burden for
the management of community-acquired UTIs because these isolates are often MDR-E,
increasing the risk of treatment failure [16,17]. In our study, 68 (48%) Enterobacterales
isolates were MDR-E. This is lower than in other studies [18-20], where the MDR-E rate
ranged from 50% to 68.0% and 74.2%. ESBL production was detected in 65 (46%) MDR-
E isolates: 58 (41%) E. coli and 7 (5%) K. pneumoniae isolates. In previous studies, the
ESBL producer rate among isolates from patients with UTI (mainly community-acquired)
was variable: 79% in Lebanon [21], 17% in Egypt [22], 6.7% in Libya [15,23] and 0-2.4%
in Spain [19].

Among the different ESBLs, CTX-M enzymes are the most frequently detected in
different epidemiological settings. The number of reports on community-acquired CTX-
M-producing E. coli strains (disease-causing or colonizers) is on the increase [24]. In this
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study, the predominant ESBL-encoding genes were blaCTX-M (97% of isolates) and blaTEM
(3% of isolates). This is in agreement with other studies showing that the CTX-M type
has replaced the TEM and SHV types in Enterobacterales isolates in several countries,
both in nosocomial and community settings [25,26]. For instance, the CTX-M type was
predominant (71.4%) in isolates from urine in Egypt (urinary and stool samples) [22,27].
The relatively higher frequency of blaCTX-M in community-acquired isolates in our study
is consistent with CTX-M ESBLs originating from environmental bacteria, unlike TEM or
SHYV ESBLs [28]. Among the blaCTX-M genes, blaCTX-M-15 was the most frequent (95.4%)
in our study, as previously reported, thus highlighting its global spread by clonally related
E. coli strains [15].

Carbapenems are considered one of the last-line treatments available to treat infections
caused by MDR Gram-negative bacteria. Therefore, the emergence of carbapenemase-
producing Enterobacterales represents a major public health problem [29]. The first reported
OXA-48-producing Enterobacterales isolate was a K. pneumoniae strain isolated in Turkey
in 2001 as the cause of hospital-acquired infections [11]. OXA-48-like enzymes have
been found worldwide in Enterobacterales isolates and have been widely reported as the
source of several hospital outbreaks. Recently, the blaOXA-48 gene has been detected in
community isolates in many countries [29,30]. Here, we identified the first two E. coli
isolates co-producing 3-lactamases OXA-48 alone or with CTX-M15 in Djibouti. The first
Algerian community-acquired UTI caused by a K. pneumoniae isolate that co-produced the
[3-lactamases OXA-48 and SHV-27 was described in 2017 [31]. In addition, one E. coli isolate
produced the CMY-2 enzyme, which is the most common AmpC in E. coli [32]. The low
frequency of AmpC in UTI-causing E. coli isolates has been reported also in Algeria [33].

This study revealed a relatively high resistance rate to most of the antibiotics tested. Re-
sistance to trimethoprim, sulfamethoxazole/amoxicillin/clavulanic acid and ampicillin was
particularly alarming. This is consistent with findings in Cameroun [34] and Uganda [35].
This may be explained by the easy access to these antibiotics and their massive and uncon-
trolled use in Djibouti. The particularly high resistance rates of our isolates to trimetho-
prim/sulfamethoxazole (cotrimoxazole) could be explained also by other factors specific
to our setting, such as the use of cotrimoxazole for prophylaxis in HIV-infected patients
and the use of the sulfadoxine/pyrimethamine combination, which shares enzymatic tar-
gets with cotrimoxazole, for routine malaria prophylaxis during pregnancy, as previously
suggested by a study carried out in Tunisia [36]. As 73.8% of our isolates were sensitive to
temocillin, this antibiotic could be a good alternative for the management of UTIs caused
by ESBL-E.

In our study, 50.34% of Enterobacterales isolates were resistant to ciprofloxacin and
55.17% to ofloxacin. According to Guessennd et al. [37], three types of genes are involved
in the resistance of Enterobacterales to quinolones: the “qnr” genes, the genes encoding N-
acetyl transferase and the genes encoding the QepA efflux pump. The association of these
genes with 3-lactam and aminoglycoside resistance mechanisms can induce resistance
to fluoroquinolones (e.g., ciprofloxacin, ofloxacin). Our resistance rates to ciprofloxacin
and ofloxacin were higher than those reported in other studies (40% for ciprofloxacin
and 9.1% for ofloxacin in Cameroon [34], 26% for ciprofloxacin and 35% for ofloxacin
in Gabon [38] and 13.75% for ciprofloxacin and 17.5% for ofloxacin in Egypt [39]. This
difference could be explained by the first-line use of fluoroquinolones as probabilistic
treatment of community-acquired UTIs in Djibouti [40]. Amikacin (11.27%) was the most
active antibiotic among aminoglycosides. Aminoglycoside resistance was similar to that
reported in Iran (16.7% and 21.8%) [41] and Morocco (8% and 14%) [42]. The apparently
preserved efficacy of aminoglycosides could be explained by their frequent parenteral
administration, which limits their use. Imipenem and fosfomycin also have maintained
excellent activity and could be adopted as therapeutic alternatives. These results are in
agreement with Tunisian [36] and European data [43].

Phylogenetic analysis is important to identify new groups of emerging bacteria. Most
isolates were in the B2 group (43% of isolates), followed by the A (26%), B1 (15%), D (6%),
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F (6%) and E (4%) groups. In other studies [36,44,45] also, the B2 subgroup was the most
common group, especially among CTX-M15-producing E. coli strains. Several studies have
shown that CTX-M-15-producing E. coli are among the most prevalent ESBL-producing
Enterobacterales species [46] and that the worldwide dissemination of ESBL-producing
E. coli is associated with specific clones that harbour a plasmid carrying the blaCTM-X-15
gene. In some African countries, CTX-M-15-producing E. coli belonging to the phylogenetic
groups A and D have been detected in extra-intestinal infections [22,47-51].

4. Materials and Methods
4.1. Study Setting

All consecutive urinary samples from non-hospitalized patients with UTI sent to
the Mer Rouge Medical Biology Laboratory in Djibouti from January to July 2019, were
included in this study. The Mer Rouge Medical Biology Laboratory is the main private
medical microbiology analysis laboratory in Djibouti, the capital city, with a population of
~620,000 inhabitants. In 2019, this laboratory received more than 1560 biological samples,
including 1380 (88.5%) urine samples for microbiology analysis. This study was approved
by the Djiboutian Ministry of Public Health ethics board (No 104 /1GSS/2017/MS).

4.2. Specimen Collection, Identification, and Antimicrobial Susceptibility Testing

During the study period, 800 urinary samples were sent to the laboratory for bac-
teriologic investigations. From these urinary specimens, 327 (41%) non-duplicated and
clinically significant bacterial isolates were from outpatients with UTI. Bacterial species were
identified by matrix-assisted laser desorption ionization—time of flight mass spectrometry
(Bruker Daltonics, Bremen, Germany). Antimicrobial susceptibility was tested with the disk
diffusion method on Miiller-Hinton agar. The following antibiotics were tested: amoxicillin,
amoxicillin-clavulanic acid, aztreonam, cefepime, cefotaxime, cefpirome, cefpodoxime, cefox-
itin, ceftazidime, cephalothin, moxalactam, piperacillin, piperacillin-tazobactam, ticarcillin,
ticarcillin-clavulanic acid, imipenem, nalidixic acid, ciprofloxacin, levofloxacin, ofloxacin,
amikacin, gentamicin, netilmicin, tobramycin, fosfomycin, chloramphenicol, tetracycline and
trimethoprim-sulfamethoxazole. Results were interpreted according to the European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST) guidelines and clinical breakpoints
(http:/ /www.eucast.org/clinical_breakpoints/ accessed on 27 November 2022). ESBL pro-
duction was detected with the combined double-disk synergy method. In the case of elevated
cephalosporinase production, the combined double-disk synergy test was performed using
cloxacillin-supplemented medium. Ertapenem minimal inhibitory concentrations (MICs)
were determined with the Etest method (bioMérieux, Marcy-1'Etoile, France) carbapenemase-
producing E. coli. Colistin MIC was determined in liquid medium using the UMIC Colistin®
kit (Biocentric, Bandol, France).

4.3. Molecular Identification of ESBLs and Carbapenemases

DNA was extracted from one single colony of each isolate and incubated in 100 mL of
distilled water at 95 °C for 10 min, followed by centrifugation. The presence of the blaNDM,
blaOXA48-like, blaGIM, blaPER, blaIMP, blaVIM, blaSPM, blaKPC, blaDIM, blaSIM, blaBIC,
blaAIM, blaVEB, blaCTX-M (CTX-M group 1, 2, 8, 9 and 25), blaTEM, blaSHV and blaOXA-
1-like genes; AmpC-type-producing genes (blaADC, blaFOX, blaMOX, blaDHA, blaCMY
and blaMIR); the aminoglycoside resistance-conferring 16S rRNA methylase genes (armA,
rmtA, rmtB, rmtC and rmtD); and the plasmid-mediated quinolone resistance (PMQR)
genes (qnrA, qnrB, qnrS, qnrC, qnrD, gepA, aac(6’)-Ib-cr and ogxA and B) was assessed by
multiplex PCR using a previously published method [12,13]. DNA samples from reference
ESBL-, carbapenemase-, 165 rRNA methylase- and PMQR-positive strains [52,53] were used
as positive controls. PCR products were visualized by electrophoresis on 1.5% ethidium
bromide-containing agarose gels at 100 V for 90 min. A 100 bp DNA ladder (Promega)
was used as marker size. PCR products were purified using the ExoSAP-IT PCR Product
Clean-up Reagent (GE Healthcare, Piscataway, NJ, USA), and sequenced bidirectionally on a
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3100 ABI Prism Genetic Analyzer (Applied Biosystems). Nucleotide sequence alignment and
analyses were performed online using the BLAST program available at the National Center
for Biotechnology Information (www.ncbi.nlm.nih.gov accessed on 27 November 2022).

4.4. Molecular Epidemiology Typing

To determine the phylogenetic group of E. coli isolates, the new PCR-based method
described by Clermont et al. [54] was used. This method uses modified primers for
chuA, yjaA and TspE4.C2 that eliminate some primer mismatches, and, importantly, allows
distinguishing strains belonging to the phylogroups C, E, F and clade I. Multilocus sequence
typing (MLST) was performed as described in the Institut Pasteur MLST database (http:
/ /bigsdb.pasteur.fr (accessed on 27 August 2019) for E. coli and K. pneumoniae.

4.5. Statistical Analysis

Statistical analyses were performed with the R software. Different variables were
compared with the Chi-square (x?) test. Differences were considered statistically significant
at the 0.05 confidence level.

5. Conclusions

Our study demonstrated that ESBLs, CTX-M type and phylogenetic group B2 are
prevalent in community-acquired UTI-causing E. coli isolates in Djibouti. We identified the
first ESBL-E isolates that co-produced CTX-M, OXA-1 and TEM-1 enzymes in Djibouti. The
emergence of strains harbouring several beta-lactamases simultaneously is a major problem.
More studies are needed to monitor the spread of MDR-E in the Djiboutian population.

Author Contributions: Conceptualization, M.H.A,, S.G.; methodology, M.H.A., S.G., H.].-P,; formal
analysis, HS.M.,, M.H.A,, S.G., H].-P, Y.D., M.-N.D., A.-L.M., L.G.; writing original draft preparation
H.SM., M.H.A,, S.G.; writing review and editing, H.S.M., M.H.A., S.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Djiboutian Ministry of
Public Health ethics board (No 104/1GSS/2017 /MS).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Larabi, K.; Masmoudi, A.; Fendri, C. Etude bactériologique et phénotypes de résistance des germes responsables d’infections
urinaires dans un CHU de Tunis: A propos de 1930 cas. Méd. Mal. Infect. 2003, 33, 348-352. [CrossRef]

2. Arpin, C,; Dubois, V.; Coulange, L.; André, C.; Fischer, I.; Noury, P.; Grobost, E; Brochet, J.-P; Jullin, J.; Dutilh, B.; et al.
Extended-Spectrum (3-Lactamase-Producing Enterobacteriaceae in Community and Private Health Care Centers. Antimicrob. Agents
Chemother. 2003, 47, 3506-3514. [CrossRef]

3. Pitout, ].D.; Laupland, K.B. Extended-Spectrum (3-Lactamase-Producing Enterobacteriaceae: An Emerging Public-Health Concern.
Lancet Infect. Dis. 2008, 8, 159-166. [CrossRef]

4. Cantén, R.; Novais, A.; Valverde, A.; Machado, E.; Peixe, L.; Baquero, F.; Coque, T.M. Prevalence and Spread of Extended-Spectrum
-Lactamase-Producing Enterobacteriaceae in Europe. Clin. Microbiol. Infect. 2008, 14, 144-153. [CrossRef] [PubMed]

5. Winokur, PL.; Canton, R. Variations in the Prevalence of Strains Expressing an Extended-Spectrum b-Lactamase Phenotype and
Characterization of Isolates from Europe, the Americas, and the Western Pacific Region. Clin. Infect. Dis. 2001, 32 (Suppl. 2),
594-5103. [CrossRef] [PubMed]

6. Bauernfeind, A.; Schweighart, S.; Grimm, H. A New Plasmidic Cefotaximase in a Clinical Isolate of Escherichia coli. Infection 1990,
18,294-298. [CrossRef]

7. Bauernfeind, A.; Holley, M.; Jungwirth, R.; Mangold, P.; Rohnisch, T.; Schweighart, S.; Wilhelm, R.; Casellas, ].M.; Goldberg,

M. A New Plasmidic Cefotaximase from Patients Infected with Salmonella typhimurium. Infection 1992, 20, 158-163. [CrossRef]
[PubMed]


www.ncbi.nlm.nih.gov
http://bigsdb.pasteur.fr
http://bigsdb.pasteur.fr
http://doi.org/10.1016/S0399-077X(03)00180-X
http://doi.org/10.1128/AAC.47.11.3506-3514.2003
http://doi.org/10.1016/S1473-3099(08)70041-0
http://doi.org/10.1111/j.1469-0691.2007.01850.x
http://www.ncbi.nlm.nih.gov/pubmed/18154538
http://doi.org/10.1086/320182
http://www.ncbi.nlm.nih.gov/pubmed/11320450
http://doi.org/10.1007/BF01647010
http://doi.org/10.1007/BF01704610
http://www.ncbi.nlm.nih.gov/pubmed/1644493

Antibiotics 2022, 11, 1740 9 of 10

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Pitout, J.D.D.; Hanson, N.D.; Church, D.L.; Laupland, K.B. Population-Based Laboratory Surveillance for Escherichia coli-
Producing Extended-Spectrum b-Lactamases: Importance of Community Isolates with BlaCTX-M Genes. Clin. Infect. Dis. 2004,
38, 1736-1741. [CrossRef]

Cantén, R.; Coque, TM. The CTX-M (-Lactamase Pandemic. Curr. Opin. Microbiol. 2006, 9, 466—475. [CrossRef]

Queenan, A.M.; Bush, K. Carbapenemases: The Versatile 3-Lactamases. Clin. Microbiol. Rev. 2007, 20, 440-458. [CrossRef]
Poirel, L.; Héritier, C.; Toltin, V.; Nordmann, P. Emergence of Oxacillinase-Mediated Resistance to Imipenem in Klebsiella
pneumoniae. Antimicrob. Agents Chemother. 2004, 48, 15-22. [CrossRef] [PubMed]

Nordmann, P.; Poirel, L. The Difficult-to-Control Spread of Carbapenemase Producers among Enterobacteriaceae Worldwide.
Clin. Microbiol. Infect. 2014, 20, 821-830. [CrossRef] [PubMed]

Carrér, A.; Poirel, L.; Yilmaz, M.; Akan, O.A.; Feriha, C.; Cuzon, G.; Matar, G.; Honderlick, P.; Nordmann, P. Spread of
OXA-48-Encoding Plasmid in Turkey and Beyond. Antimicrob. Agents Chemother. 2010, 54, 1369-1373. [CrossRef] [PubMed]
Wangkheimayum, J.; Paul, D.; Dhar, D.; Nepram, R.; Chetri, S.; Bhowmik, D.; Chakravarty, A.; Bhattacharjee, A. Occurrence of
Acquired 165 RRNA Methyltransferase-Mediated Aminoglycoside Resistance in Clinical Isolates of Enterobacteriaceae within a
Tertiary Referral Hospital of Northeast India. Antimicrob. Agents Chemother. 2017, 61, €01037-16. [CrossRef] [PubMed]
Shamsrizi, P.; Gladstone, B.P.; Carrara, E.; Luise, D.; Cona, A.; Bovo, C.; Tacconelli, E. Variation of Effect Estimates in the
Analysis of Mortality and Length of Hospital Stay in Patients with Infections Caused by Bacteria-Producing Extended-Spectrum
Beta-Lactamases: A Systematic Review and Meta-Analysis. BM] Open 2020, 10, e030266. [CrossRef] [PubMed]

Paterson, D.L.; Bonomo, R.A. Extended-Spectrum {3-Lactamases: A Clinical Update. Clin. Microbiol. Rev. 2005, 18, 657-686.
[CrossRef]

Lee, D.S; Lee, S.-J.; Choe, H.-S. Community-Acquired Urinary Tract Infection by Escherichia coli in the Era of Antibiotic Resistance.
BioMed Res. Int. 2018, 2018, 7656752. [CrossRef]

Ali, G.H.; Yakout, M.A. Comparative Study of ESBL Production Among Uropathogenic Escherichia coli Clinical Isolates from Pre-
and Post-Menopausal Women in Egypt. Curr. Microbiol. 2021, 78, 3516-3525. [CrossRef]

Ramirez-Castillo, FY.; Moreno-Flores, A.C.; Avelar-Gonzalez, FJ.; Marquez-Diaz, F; Harel, J.; Guerrero-Barrera, A.L. An
Evaluation of Multidrug-Resistant Escherichia coli Isolates in Urinary Tract Infections from Aguascalientes, Mexico: Cross-
Sectional Study. Ann. Clin. Microbiol. Antimicrob. 2018, 17, 34. [CrossRef]

Angel Diaz, M.; Ramén Herndndez, J.; Martinez-Martinez, L.; Rodriguez-Bafio, .; Pascual, A. Escherichia coli y Klebsiella pneumoniae
productoras de betalactamasas de espectro extendido en hospitales espafioles: Segundo estudio multicéntrico (proyecto GEIH-
BLEE 2006). Enferm. Infecc. Microbiol. Clin. 2009, 27, 503-510. [CrossRef]

Sarkis, P.; Assaf, ].; Sarkis, J.; Zanaty, M.; Rehban, R. Profil de résistance aux antibiotiques dans les infections urinaires commu-
nautaires au Liban. Prog. Urol. 2017, 27, 727. [CrossRef]

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.-H. 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. Microb. Drug Resist. 2011, 17, 67-73.
[CrossRef] [PubMed]

Abujnah, A.A.; Zorgani, A.; Sabri, M.A.M.; El-Mohammady, H.; Khalek, R.A.; Ghenghesh, K.S. Multidrug Resistance and
Extended-Spectrum (-Lactamases Genes among Escherichia coli from Patients with Urinary Tract Infections in Northwestern
Libya. Libyan J. Med. 2015, 10, 26412. [CrossRef]

Valverde, A.; Coque, T.M.; Sanchez-Moreno, M.P; Rollan, A.; Baquero, F; Canton, R. Dramatic Increase in Prevalence of Fecal
Carriage of Extended-Spectrum-Lactamase-Producing Enterobacteriaceae during Nonoutbreak Situations in Spain. J. Clin.
Microbiol. 2004, 42, 7. [CrossRef] [PubMed]

Livermore, D.M. Current Epidemiology and Growing Resistance of Gram-Negative Pathogens. Korean |. Intern. Med. 2012, 27, 128.
[CrossRef] [PubMed]

Dahmen, S.; Bettaieb, D.; Mansour, W.; Boujaafar, N.; Bouallegue, O.; Arlet, G. Characterization and Molecular Epidemiology of
Extended-Spectrum -Lactamases in Clinical Isolates of Enterobacteriaceae in a Tunisian University Hospital. Microb. Drug Resist.
2010, 16, 163-170. [CrossRef]

Mohamedalagamy, M.; Eldinashour, M.; Wiegand, I. First Description of CTX-M [3-Lactamase-Producing Clinical Escherichia coli
Isolates from Egypt. Int. ]. Antimicrob. Agents 2006, 27, 545-548. [CrossRef]

Chong, Y.; Ito, Y.; Kamimura, T. Genetic Evolution and Clinical Impact in Extended-Spectrum 3-Lactamase-Producing Escherichia
coli and Klebsiella pneumoniae. Infect. Genet. Evol. 2011, 11, 1499-1504. [CrossRef]

Mathlouthi, N.; Al-Bayssari, C.; Bakour, S.; Rolain, ].M.; Chouchani, C. RETRACTED ARTICLE: Prevalence and Emergence of
Carbapenemases-Producing Gram-Negative Bacteria in Mediterranean Basin. Crit. Rev. Microbiol. 2017, 43, 43—-61. [CrossRef]
Mairi, A.; Pantel, A.; Sotto, A.; Lavigne, ].-P.; Touati, A. OXA-48-like Carbapenemases Producing Enterobacteriaceae in Different
Niches. Eur. J. Clin. Microbiol. Infect. Dis. 2018, 37, 587-604. [CrossRef]

Loucif, L.; Chelaghma, W.; Helis, Y.; Sebaa, F.; Baoune, R.D.; Zaatout, W.; Rolain, J.-M. First Detection of OXA-48-Producing
Klebsiella pneumoniae in Community-Acquired Urinary Tract Infection in Algeria. J. Glob. Antimicrob. Resist. 2018, 12, 115-116.
[CrossRef] [PubMed]

Bajaj, P; Singh, N.S.; Virdi, J.S. Escherichia coli 3-Lactamases: What Really Matters. Front. Microbiol. 2016, 7, 417. [CrossRef]
[PubMed]


http://doi.org/10.1086/421094
http://doi.org/10.1016/j.mib.2006.08.011
http://doi.org/10.1128/CMR.00001-07
http://doi.org/10.1128/AAC.48.1.15-22.2004
http://www.ncbi.nlm.nih.gov/pubmed/14693513
http://doi.org/10.1111/1469-0691.12719
http://www.ncbi.nlm.nih.gov/pubmed/24930781
http://doi.org/10.1128/AAC.01312-09
http://www.ncbi.nlm.nih.gov/pubmed/20086157
http://doi.org/10.1128/AAC.01037-16
http://www.ncbi.nlm.nih.gov/pubmed/28320725
http://doi.org/10.1136/bmjopen-2019-030266
http://www.ncbi.nlm.nih.gov/pubmed/31964661
http://doi.org/10.1128/CMR.18.4.657-686.2005
http://doi.org/10.1155/2018/7656752
http://doi.org/10.1007/s00284-021-02599-2
http://doi.org/10.1186/s12941-018-0286-5
http://doi.org/10.1016/j.eimc.2008.09.006
http://doi.org/10.1016/j.purol.2017.07.104
http://doi.org/10.1089/mdr.2010.0063
http://www.ncbi.nlm.nih.gov/pubmed/21128836
http://doi.org/10.3402/ljm.v10.26412
http://doi.org/10.1128/JCM.42.10.4769-4775.2004
http://www.ncbi.nlm.nih.gov/pubmed/15472339
http://doi.org/10.3904/kjim.2012.27.2.128
http://www.ncbi.nlm.nih.gov/pubmed/22707882
http://doi.org/10.1089/mdr.2009.0108
http://doi.org/10.1016/j.ijantimicag.2006.01.007
http://doi.org/10.1016/j.meegid.2011.06.001
http://doi.org/10.3109/1040841X.2016.1160867
http://doi.org/10.1007/s10096-017-3112-7
http://doi.org/10.1016/j.jgar.2017.12.017
http://www.ncbi.nlm.nih.gov/pubmed/29309947
http://doi.org/10.3389/fmicb.2016.00417
http://www.ncbi.nlm.nih.gov/pubmed/27065978

Antibiotics 2022, 11, 1740 10 of 10

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Nabti, L.Z.; Sahli, F.; Radji, N.; Mezaghcha, W.; Semara, L.; Aberkane, S.; Lounnas, M.; Solassol, J.; Didelot, M.-N.; Jean-Pierre, H.;
et al. High Prevalence of Multidrug-Resistant Escherichia coli in Urine Samples from Inpatients and Outpatients at a Tertiary Care
Hospital in Sétif, Algeria. Microb. Drug Resist. 2019, 25, 386-393. [CrossRef] [PubMed]

Nzalie, R.N.; Gonsu, H.K.; Koulla-Shiro, S. Bacterial Etiology and Antibiotic Resistance Profile of Community-Acquired Urinary
Tract Infections in a Cameroonian City. Int. ]. Microbiol. 2016, 2016, 3240268. [CrossRef] [PubMed]

Odongo, C.O.; Anywar, D.A.; Luryamamoi, K.; Odongo, P. Antibiograms from Community-Acquired Uropathogens in Gulu,
Northern Uganda—A Cross-Sectional Study. BMC Infect. Dis. 2013, 13, 193. [CrossRef]

Smaoui, S.; Abdelhedi, K.; Marouane, C.; Kammoun, S.; Messadi-Akrout, F. Résistance aux antibiotiques des entérobactéries
responsables d’infections urinaires communautaires a Sfax (Tunisie). Méd. Mal. Infect. 2015, 45, 335-337. [CrossRef]
Guessennd, N.; Bremont, S.; Gbonon, V.; Kacou-NDouba, A.; Ekaza, E.; Lambert, T.; Dosso, M.; Courvalin, P. Résistance aux
quinolones de type qnr chez les entérobactéries productrices de béta-lactamases a spectre élargi a Abidjan en Céte d'Ivoire. Pathol.
Biol. 2008, 56, 439-446. [CrossRef]

Mouanga Ndzime, Y.; Onanga, R.; Kassa Kassa, R.F,; Bignoumba, M.; Mbehang Nguema, P.P.; Gafou, A.; Lendamba, RW.,;
Mbombe Moghoa, K.; Bisseye, C. Epidemiology of Community Origin Escherichia coli and Klebsiella pneumoniae Uropathogenic
Strains Resistant to Antibiotics in Franceville, Gabon. IDR 2021, 14, 585-594. [CrossRef]

Hassuna, N.A.; Khairalla, A.S.; Farahat, E.M.; Hammad, A.M.; Abdel-Fattah, M. Molecular Characterization of Extended-
Spectrum 3 Lactamase- Producing E. coli Recovered from Community-Acquired Urinary Tract Infections in Upper Egypt. Sci.
Rep. 2020, 10, 2772. [CrossRef]

Dromigny, J.A.; Nabeth, P; Perrier Gros Claude, ].D. Distribution and Susceptibility of Bacterial Urinary Tract Infections in Dakar,
Senegal. Int. ]. Antimicrob. Agents 2002, 20, 339-347. [CrossRef]

Naziri, Z.; Derakhshandeh, A.; Soltani Borchaloee, A.; Poormaleknia, M.; Azimzadeh, N. Treatment Failure in Urinary Tract
Infections: A Warning Witness for Virulent Multi-Drug Resistant ESBL- Producing Escherichia coli. IDR 2020, 13, 1839-1850.
[CrossRef] [PubMed]

El Bouamri, M.C.; Arsalane, L.; Kamouni, Y.; Yahyaoui, H.; Bennouar, N.; Berraha, M.; Zouhair, S. Profil actuel de résistance
aux antibiotiques des souches d’Escherichia coli uropathogenes et conséquences thérapeutiques. Prog. Urol. 2014, 24, 1058-1062.
[CrossRef] [PubMed]

Kahlmeter, G.; Poulsen, H.O. Antimicrobial Susceptibility of Escherichia coli from Community-Acquired Urinary Tract Infections
in Europe: The ECO-SENS Study Revisited. Int. ]. Antimicrob. Agents 2012, 39, 45-51. [CrossRef] [PubMed]

Iranpour, D.; Hassanpour, M.; Ansari, H.; Tajbakhsh, S.; Khamisipour, G.; Najafi, A. Phylogenetic Groups of Escherichia coli Strains
from Patients with Urinary Tract Infection in Iran Based on the New Clermont Phylotyping Method. BioMed Res. Int. 2015, 2015,
846219. [CrossRef] [PubMed]

Gongalves, L.F,; de Oliveira Martins-Junior, P.; de Melo, A.B.E; da Silva, R.C.R.M.; de Paulo Martins, V.; Pitondo-Silva, A.;
de Campos, T.A. Multidrug Resistance Dissemination by Extended-Spectrum (3-Lactamase-Producing Escherichia coli Causing
Community-Acquired Urinary Tract Infection in the Central-Western Region, Brazil. J. Glob. Antimicrob. Resist. 2016, 6, 1-4.
[CrossRef]

Jaureguy, F; Landraud, L; Passet, V.; Diancourt, L.; Frapy, E.; Guigon, G.; Carbonnelle, E.; Lortholary, O.; Clermont, O.; Denamur,
E.; et al. Phylogenetic and Genomic Diversity of Human Bacteremic Escherichia coli Strains. BMC Genom. 2008, 9, 560. [CrossRef]
Mshana, S.E.; Imirzalioglu, C.; Hain, T.; Domann, E.; Lyamuya, E.E; Chakraborty, T. Multiple ST Clonal Complexes, with a
Predominance of ST131, of Escherichia coli Harbouring BlaCTX-M-15 in a Tertiary Hospital in Tanzania. Clin. Microbiol. Infect.
2011, 17, 1279-1282. [CrossRef]

Aibinu, I.; Odugbemi, T.; Koenig, W.; Ghebremedhin, B. Sequence Type ST131 and ST10 Complex (ST617) Predominant among
CTX-M-15-Producing Escherichia coli Isolates from Nigeria. Clin. Microbiol. Infect. 2012, 18, E49-E51. [CrossRef]

Coque, T.M.; Baquero, E; Cantoén, R. Increasing Prevalence of ESBL-Producing Enterobacteriaceae in Europe. Eurosurveillance
2008, 13, 19044. [CrossRef]

Petty, N.K.; Ben Zakour, N.L.; Stanton-Cook, M.; Skippington, E.; Totsika, M.; Forde, B.M.; Phan, M.-D.; Gomes Moriel, D.; Peters,
K.M.; Davies, M; et al. Global Dissemination of a Multidrug Resistant Escherichia coli Clone. Proc. Natl. Acad. Sci. USA 2014, 111,
5694-5699. [CrossRef]

Rogers, B.A.; Sidjabat, H.E.; Paterson, D.L. Escherichia coli O25b-ST131: A Pandemic, Multiresistant, Community-Associated
Strain. . Antimicrob. Chemother. 2011, 66, 1-14. [CrossRef] [PubMed]

Cattoir, V.; Poirel, L.; Rotimi, V.; Soussy, C.-].; Nordmann, P. Multiplex PCR for Detection of Plasmid-Mediated Quinolone
Resistance Qnr Genes in ESBL-Producing Enterobacterial Isolates. ]. Antimicrob. Chemother. 2007, 60, 394-397. [CrossRef]
[PubMed]

Hu, X; Xu, B.; Yang, Y.; Liu, D.; Yang, M.; Wang, ].; Shen, H.; Zhou, X.; Ma, X. A High Throughput Multiplex PCR Assay for
Simultaneous Detection of Seven Aminoglycoside-Resistance Genes in Enterobacteriaceae. BMIC Microbiol. 2013, 13, 58. [CrossRef]
[PubMed]

Clermont, O.; Christenson, ]J.K.; Denamur, E.; Gordon, D.M. The Clermont Escherichia coli Phylo-Typing Method Revisited:
Improvement of Specificity and Detection of New Phylo-Groups: A New E. coli Phylo-Typing Method. Environ. Microbiol. Rep.
2013, 5, 58-65. [CrossRef] [PubMed]


http://doi.org/10.1089/mdr.2018.0314
http://www.ncbi.nlm.nih.gov/pubmed/30676258
http://doi.org/10.1155/2016/3240268
http://www.ncbi.nlm.nih.gov/pubmed/27667998
http://doi.org/10.1186/1471-2334-13-193
http://doi.org/10.1016/j.medmal.2015.07.004
http://doi.org/10.1016/j.patbio.2008.07.025
http://doi.org/10.2147/IDR.S296054
http://doi.org/10.1038/s41598-020-59772-z
http://doi.org/10.1016/S0924-8579(02)00196-6
http://doi.org/10.2147/IDR.S256131
http://www.ncbi.nlm.nih.gov/pubmed/32606833
http://doi.org/10.1016/j.purol.2014.09.035
http://www.ncbi.nlm.nih.gov/pubmed/25310915
http://doi.org/10.1016/j.ijantimicag.2011.09.013
http://www.ncbi.nlm.nih.gov/pubmed/22055529
http://doi.org/10.1155/2015/846219
http://www.ncbi.nlm.nih.gov/pubmed/25692147
http://doi.org/10.1016/j.jgar.2016.02.003
http://doi.org/10.1186/1471-2164-9-560
http://doi.org/10.1111/j.1469-0691.2011.03518.x
http://doi.org/10.1111/j.1469-0691.2011.03730.x
http://doi.org/10.2807/ese.13.47.19044-en
http://doi.org/10.1073/pnas.1322678111
http://doi.org/10.1093/jac/dkq415
http://www.ncbi.nlm.nih.gov/pubmed/21081548
http://doi.org/10.1093/jac/dkm204
http://www.ncbi.nlm.nih.gov/pubmed/17561500
http://doi.org/10.1186/1471-2180-13-58
http://www.ncbi.nlm.nih.gov/pubmed/23497180
http://doi.org/10.1111/1758-2229.12019
http://www.ncbi.nlm.nih.gov/pubmed/23757131

	Introduction 
	Results 
	Bacterial Isolates and Patient Characteristics 
	Multidrug-Resistant Enterobacterales (MDR-E) Isolates 
	Antibiotic Resistance Patterns 
	Molecular Characterization of Beta-Lactamases and Encoding Genes 
	Molecular Epidemiology Typing 

	Discussion 
	Materials and Methods 
	Study Setting 
	Specimen Collection, Identification, and Antimicrobial Susceptibility Testing 
	Molecular Identification of ESBLs and Carbapenemases 
	Molecular Epidemiology Typing 
	Statistical Analysis 

	Conclusions 
	References

