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ARTICLE INFO ABSTRACT

Introduction: Extended-Spectrum p-Lactamases (ESBLs) hydrolyze broad-
spectrum cephalosporin, monobactam, and penicillin. This study investigated
Keywords: Beta-lactamase genes, ESBL—producing Escherichia coli a_n(_j_KIebsieI!a pneu_mqniae_bacteria in_ the
ESBL isolates, Antibiotics resistance, Gaza strip and expl_o_red tr_lelr susceptlblllty to various antl_mlcroblals to pr0\_/|de a
Carbapenem, E. coli; K. pneumonia reference for physicians in managing the hospital infection. Methods: Ninety-
six isolates, comprising 69 E. coli and 27 K. pneumoniae were obtained from
urine, wound, blood, and ear discharge samples from April-June 2013 in Gaza
hospitals. The ESBL-producing isolates were screened using the double-disc
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isolates, and most K. pneumoniae isolates harbored simultaneously two or three
B-lactamases-encoding genes. Conclusion: High ESBL-producing rates among
K. pneumoniae and E. coli isolates and higher resistance rates to antibiotics
© The Author(s) among ESBL compared to non-ESBL producing isolates necessitate

|@ ®®@| antimicrobial resistance surveillance and molecular characterization of ESBLs-

producing bacteria to achieve a specific treatment.

INTRODUCTION
Extended-Spectrum B-Lactamases (ESBLs) hydrolyze producers. The ESBLs mainly produced by Escherichia

broad-spectrum  cephalosporin, monobactam,  and coli, Klebs:iella.p_neu_moniae, and Klebsiel_la oxytoca have
penicillin; these enzymes are sensitive to inhibitors of also been identified in other Enterobacteriaceae members
beta-lactamases, such as clavulanic acid [1]. In addition, ~ and other Gram-negative bacteria such as Pseudomonas
ESBLs are plasmid-mediated; many ESBL producing aeruginosa (4).In recent years, the emergence of ESBL-
bacteria are also resistant to other antimicrobial agents, producing K. pneumoniae and E. coli has become a
such as trimethoprim, tetracyclines, fluoroquinolones, severe problem in hospitalized patients worldwide and,
chloramphenicol, and sulfonamides [2], limiting the causing various infectious diseases in hospitals and
treatment options. The significance of such ESBL- ~ Community settings [4]. o _

mediated infections is increasing worldwide [3]. Most ESBLs genes are carried via plasmids and can be
Enterobacteriaceae members are the primary ESBL horizontally  transferred  among bacteria of different
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genera, complicating the prevention and treatment of
nosocomial infections [3].

Therefore, delay in identifying and reporting ESBL-
producers results in extended hospitalizations, increased
health care costs, morbidity, and mortality [1]. These
enzymes are commonly detected among the
Enterobacteriaceae members, such as K.
pneumoniae and E. coli. According to a World Health
Organization (WHO) report, among the significant
threats to public health are ESBL-producing E. coli and
K. pneumoniae listed in the preference first pathogens
for developing new antibiotics [5]. Therefore, to control
the threat of ESBL-producing bacteria in clinical
settings, more insight is needed concerning their
isolation and screening [6]. The infections caused by
ESBL producing bacteria pose a therapeutic problem and
infection control challenge in hospitals. Several reports
of high occurrence rates and outbreaks of ESBL-positive
bacteria are available, which confirm the importance of
identifying their prevalence in hospitals to decrease the
risk of these pathogens [7].

In Palestine, few studies have determined the
prevalence of ESBL-producing isolates in hospitals. The
ESBL rate was 37.5% among Gram-negative bacteria
isolated from burn patients, 3.3% in E. coli isolates from
urinary tract infections, and 32.7% in clinical E. coli
isolates [8-10]. In many parts of the middle east, the
prevalence of ESBL-producing K. pneumoniae isolates
has been reported, e.g., United Arab Emirates (36%)
[11], Syria (67.5%) [12], and Jordan (70%) [13]. Data
from some countries showed that the prevalence of
ESBL-producing E. coli was 16.8% in Lebanon [14],
22.9% in Jordan [15], 42.3% in Egypt [16], and 52% in
Syria [17].

Due to the limitation of data from Palestinian hospitals
regarding the prevalence of ESBL- producing bacteria,
we were promoted to investigate the frequency of ESBL-
producing K. pneumoniae, and E. coli isolates in
different clinical specimens collected from in- and
outpatients in the Gaza strip. We also determined the
susceptibility of ESBL-producing isolates to common
antimicrobials agents used in our hospitals.

MATERIALS AND METHODS

Sample and data collection. This study was
conducted for three months, from April-June 2013, at
three Palestinian hospitals in Gaza (Military Balsam
Hospital, Al- Shifa Hospital, and AL-Remal Martyrs'
health center). Ninety-six clinical samples were collected
from patients admitted to various wards during the study
period. The origins of the isolates were urine (n=73),
wound (n=19), blood (n=3), and ear discharges (n=1).
The collected samples were transferred to a laboratory to
examine  microbial  pathogens, and  standard
microbiologic methods were used to isolate and identify
bacteria [18].
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The local Helsinki Committee for Human Rights
confirmed this research study in the Gaza strip, and
consent was taken from patients to participate willingly
in this study.

Antimicrobial susceptibility testing. The
susceptibility testing of the isolates to antimicrobial
agents was performed using the Kirby-Bauer disk
diffusion method according to guidelines Clinical &
Laboratory Standards Institute (CLSI) recommendations
[19]. Antibiotic disks purchased from Bio-Rad, were as
follows (pg/disk): ampicillin  (10), cefoxitin (30),
ceftazidime (30), cefotaxime (30), gentamicin (10),
amikacin (30), tobramycin (10), amoxicillin-clavulanic
acid (20/10), nalidixic acid (30), ciprofloxacin (5),
imipenem  (10), kanamycin (30), trimethoprim-
sulfamethoxazole (1.25 /23.75), tetracycline (30), and
chloramphenicol (30).

Detection of ESBL-producing isolates. The method
for detection of ESBLs used in this study was the
double-disk synergy test. Briefly, after spread plating
bacterial inoculums on a Mueller-Hinton agar plate, an
amoxicillin/clavulanic acid impregnated disc was placed
in the middle of the plate. In contrast, ceftazidime and
cefotaxime were placed 30 mm apart (center to center)
around the amoxicillin/clavulanic acid. After overnight
incubation, the enhanced inhibition zone of any
cephalosporin discs on the side facing amoxicillin +
clavulanic acid was considered ESBL producer [20].

Detection of p-lactamase genes. The encoding beta-
lactamases genes, blatem, blacrx-m, blaoxa-1, and blasny,
in the ESBL-producing isolates, were detected by PCR
[21] using the primers previously published by others
(Table 1).

Data analysis. The data for antimicrobial
susceptibility results in non-ESBL and ESBLs of E. coli
and K. pneumoniae isolates were tabulated, encoded, and
statistically analyzed using the Statistical Package for the
Social Sciences (SPSS) software version 18.0 (IBM
Corporation, Somers, NY). Data comparison was
achieved via an analysis of Pearson's Chi-square results.
The level of statistical significance was set at P< 0.05.

RESULTS

Ninety-six clinical samples were obtained from
Balsam Hospital, Al-Shifa Hospital, and Al-Remal
health centers. Among the patients, 51 (53.1%) were
females, and 45 (46.9%) were males. Of 96 isolates, 69
(71.9%) were E. coli, and 27 (28.1%) K. pneumoniae.

ESBL-producing isolates and antimicrobial
susceptibility. Among 69 E. coli and 27 K. pneumoniae
isolates, 27 (39.1%) and 16 (59.3%) were ESBL-
producing isolates. According to the disk diffusion test,
all ESBL-producers were resistant to the broad-spectrum
cephalosporin (cefotaxime) and /or ceftazidime. Of 43
ESBL-producing isolates, 62.8% were E. coli, and 37.2
% K. pneumoniae. Most of these isolates (72.1%) were
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from Al-Shifa Hospital, followed by Balsam Hospital
(20.9%) and Al-Remal Martyrs Clinic (7.0%) (Table 2).
In all patients, urine (56%) was the primary source of the
ESBL-producing isolates, followed by wounds (37%)
and blood (7.0%) (Fig. 1). The resistance rate to
cephalosporins was almost high among ESBL-producing
K. pneumoniae and E. coli isolates, i.e.,, 100% to
cefotaxime and 67.4% to ceftazidime. However, the
isolates showed lower resistance to cefoxitin, i.e., a

Table 1. Primers of B-lactamase encoding genes

susceptibility rate of 58.1%. Among all isolates, the
resistance rate to ampicillin,
sulfamethoxazole/trimethoprim, kanamycin, and
nalidixic acid was 100%, 74.4%, 65.1%, and 65.1%,
respectively. Imipenem was the most effective antibiotic
against ESBL positive isolates, i.e., 65.1% of isolates
was susceptible to imipenem (Table 3). Sensitivity to
gentamicin, chloramphenicol, and tobramycin was
53.5%, 48.8%, and 41.8 %, respectively.

Target gene Sequence (5'to 3') Ampliconsize  References
blactx-m F: GTTACAATGTGTGAGAAGCAG 1049 bp [21]
R: CCGTTTCCGCTATTACAAAC
blastv F: CACTCAAGGATGTATTGTG 885 bp [21]
R: TTAGCGTTGCCAGTGCTCG
blatem F: ATTCTTGAAGACGAAAGGGC 1150 bp [21]
R: ACGCTCAGTGGAACGAAAAC
blaoxa-1 F: ACACAATACATATCAACTTCGC 813 bp [21]

R: AGTGTGTTTAGAATGGTGATC

Table 2. The rate of ESBL-producing bacteria from Gaza Strip Hospitals, Palestine

Place of Sample Collection No. of ESBL producing Bacteria
Al- Shifa Hospital 31
Balsam Hospital 9

AL-Remal martyrs health center 3

Total 43

Percentage (%)
72.1%
20.9%

7.0%

100%

Table 3. Antimicrobial resistance of ESBL-producing E. coli and K. pneumoniae isolates

Antibiotics Susceptible (%) Intermediate (%0) Resistant (%0)
Amoxycillin—clavulanic acid 16 (37.2%) 11(25.6%) 16(37.2%)
Ceftazidime 6(14.0%) 8(18.6%) 29(67.4%)
Cefotaxime 0 0 43(100.0%)
Gentamicin 23(53.5%) 1(2.3%) 19(44.2%)
Ampicillin 0 0 43(100.0%)
Imipenem 28(65.1%) 6(14.0%) 9(20.9%)
Kanamycin 8(18.6%) 16.3 28(65.1%)
Nalidixic acid 7(16.3%) 8(18.6%) 28(65.1%)
Amikacin 13(30.2%) 13(30.2%) 17(39.6%)
Sulfamethoxazole/trimethoprim 9(20.9%) 2(4.7%) 32(74.4%)
Cefoxitin 25(58.1%) 4(9.3%) 14(32.6%)
Tobramycin 18(41.8%) 2(4.7%) 23(53.5%)
Chloramphenicol 21(48.8%) 3(7.0%) 19(44.2%)
Ciprofloxacin 39.5 4.7 55.8

p-Lactamase Genes. All ESBL-producing E. coli
isolates had the blacrx-m gene. The blatem was amplified
in 8 isolates (29.6%), whereas blasyy and blaoxa genes
were detected. Among K. pneumoniae isolates, blactx-m
was detected in 16 (100%), blasky in 12 (75%), blarem in
7 (43.75%), and blaoxa in 1 (6.25%).

ESBL production and antimicrobial resistance. The
frequency of ESBL-producing isolates was higher in K.
pneumoniae than in E. coli. Both ESBL-producing E.

R-lactamase genes among K. pneumoniae and E.
coli isolates. According to 3-lactamase-encoding genes,
K. pneumoniae, and E. coli, ESBL-producing isolates
were grouped into three classes, harboring three, two, or

coli and K. pneumoniae isolates were more resistant to
cefotaxime and ampicillin. The resistance rate to
aminoglycosides, amoxicillin-clavulanic  acid, and
imipenem was significantly higher in ESBL-producing
K. pneumoniae than ESBL-producing E. coli (P=0.001).
However, the difference in resistance to ceftazidime,
nalidixic acid, sulfamethoxazole/trimethoprim, cefoxitin,
chloramphenicol, and ciprofloxacin was not statistically
significant (P > 0.05). (Table 4, Fig. 2).

one gene (Table 5). The majority (n=13) of ESBL-
producing K. pneumoniae isolates (81.25%) harbored
more than one R-lactamase encoding gene, nine
(56.25%) three genes, and 4 (25%) two genes. However,
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only 8 (29.60%) ESBL-positive E. coli isolates harbored
two R-lactamase encoding genes. The majority (n=19,
70.40%) of the ESBL-producing E. coli isolates harbored

only blactx-v alone, whereas only 3 (18.75%) of K.
pneumoniae isolates carried one of the detected R-
lactamase encoding genes (Table 5 and Fig. 3).

m Urine Tract Infections
m Wound infections
Blood stream infections

Fig. 1. Samples distribution of isolated ESBL.

Antibiotics resistance among ESBL and non-ESBL-
producing isolates. Both ESBL and non -ESBL
producing E. coli and K. pneumoniae isolates exhibited a

low resistance to imipenem. However, resistance to other
antibiotics was significantly higher in both bacterial
groups (P <0.001) (Table 6, Fig. 4).

Table 4. Comparison of frequency of antibiotics resistance among ESBL producing isolates of E. coli and K. pneumoniae.

Antibiotics E. coli (n=27)% K. pneumonia (n = 16) %
Susceptible (%) Resistant (%) Susceptible (%) Resistant (%) *P-value
Amoxycillin—clavulanic acid 15(55.6%) 7(25.9%) 1(6.3%) 9(56.3%) 0.002
Ceftazidime 6(22.2%) 14(51.9%) 0 15(93.8%) 0.020
Cefotaxime 0 27(100.0%) 0 16(100.0%) 0.436
Gentamicin 20(74.1%) 7(25.9%) 3(18.8%) 12(75.0%) 0.001
Ampicillin 0 27(100.0%) 0 16(100.0%) 0.436
Imipenem 24(88.9%) 2(7.4%) 4(25%) 7(43.8%) 0.001
Kanamycin 7(25.9%) 14(51.9%) 1(6.3%) 14(87.5%) 0.058
Nalidixic acid 5(18.5%) 20(74.1%) 2(12.5%) 8(50%) 1.000
Amikacin 12(44.4%) 5(18.5%) 1(6.3%) 12(75.0%) 0.001
Sulfamethoxazole/trimethoprim 5(18.5%) 21(77.8%) 4(25%) 11(68.8%) 0.580
Cefoxitin 19(70.4%) 7(25.9%) 6(37.5%) 7(43.75%) 0.098
Tobramycin 16(59.3%) 10(37.0%) 1(6.3%) 13(81.3%) 0.001
Chloramphenicol 15(55.6%) 10(37.0%) 6(37.5%) 9(56.3%) 0.220
Ciprofloxacin 9(33.3%) 16(59.3%) 8(50%) 8(50%) 0.375

*P-value of Pearson's Chi-square

Table 5. Multiplicity of B-lactamase encoding genes in K. pneumoniae and E. coli isolates

Bacterial Strains Three B-lactamase genes

Two B-lactamase genes

One B-lactamase gene

blacrx-m +  blacrxm +  blacrxm +  blacrxm + blarem blacrx-m
blaspv+ blarem blaspv + blaoxa blasmv
K. pneumoniae 6 (37.50%) 3 (18.75%) 3 (18.75%) 1 (6.25%) 3 (18.75%)
E. coli 0 0 0 8 (29.60%) 19 (70.40%)
DISCUSSION pathogens isolated from clinical isolates; many reports

Antimicrobial resistance is an increasingly emerging
problem worldwide. Knowledge of the drug resistance
pattern of pathogens in hospitals is the key to the
successful treatment of patients [22]. The ESBLs are
among the most alarming groups of B-lactamases in

J Med Microbiol Infect Dis
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indicated increased mortality by infections caused by
ESBLs- producing bacteria [23]. The increasing
incidence of ESBLs among Enterobacteriaceae is a
growing problem. In this study, we described the
antibiotics resistance and the emergence of ESBLs

2021 Vol. 9 No. 3



among E. coli, and K. pneumoniae isolates in patients
from Balsam Hospital, Al-Shifa Hospital, and Al-Remal
martyrs' health center in Gaza, Palestine.

Our study showed ESBLs phenotype in 39.1% and
59.3% of E. coli and K. pneumoniae isolates,
respectively. These rates are much higher than 3.3%
ESBL-producing E. coli isolates reported 16 years ago in
the Gaza strip [9]; however, not much higher than
reports indicating ESBL production in 9% E. coli and

ESBL resistance among E.coli and K. pneumoniae from Palestine

35.5% K. pneumoniae isolates12 years ago [24]. There
is limited data from Palestinian hospitals regarding the
prevalence of ESBLs producers in clinical isolates; the
last report in 2008 depended only on phenotypic
methods to detect ESBLs. Studies from the West Bank
hospitals reported that the prevalence of ESBL producers
among E. coli clinical isolates were 32.7% and 47.7%
[10, 25].

Table 6. Comparison of frequency of antibiotics resistance among ESBL and non-ESBL E. coli and K. pneumoniae

Antibiotics ESBL (n =43)% Non- ESBL (n =53) %
Susceptible (%) Resistant (%) Susceptible (%) Resistant (%) P-value
Amoxycillin—clavulanic acid 16 (37.2%) 16 (37.2%) 41(77.4%) 2(3.8%) 0.001
Ceftazidime 6(13.9%) 29(67.4%) 48(90.6%) 4(7.5%) 0.001
Cefotaxime 0(0.0%) 43 (100%) 40(75.5%) 4(7.5%) 0.001
Gentamicin 23(53.5%) 19(44.2%) 48(90.6%) 4(7.5%) 0.001
Ampicillin 0(0.0%) 43 (100%) 18(33.9%) 31(58.5%) 0.001
Imipenem 28(65.1%) 9(20.9%) 44(83.0%) 3(5.7%) 0.020
Kanamycin 8(18.6%) 28(65.1%) 22(41.5%) 9(17%) 0.001
Nalidixic acid 7(16.3%) 28(65.1%) 41(77.4%) 7(13.2%) 0.001
Amikacin 13(30.2%) 17(39.5%) 40(75.5%) 4(7.5%) 0.001
Sulfamethoxazole/trimethoprim  9(20.9%) 32(74.4%) 36(67.9%) 17(32.1%) 0.001
Cefoxitin 25(58.1%) 14(32.6%) 47(88.7%) 1(1.9%) 0.001
Tobramycin 17(39.5%) 23(53.5%) 41(77.4%) 5(9.4%) 0.001
Chloramphenicol 21(48.8%) 19(44.2%) 47(88.7%) 5(9.4%) 0.001
Ciprofloxacin 17(39.5%) 24(55.8%) 47(88.7%) 6(11.3%) 0.001
*P-value of Pearson's Chi-square
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Fig. 2. Comparison of antibiotics resistance among isolates of K. pneumoniaeand E. coli.

In the present study, the overall prevalence rate of
ESBL-producing E. coli isolates was 39.1%. Similar
studies have shown 16.8% in Lebanon [14], 22.9% in
Jordan [15], 42.3% in Egypt [16], and 52% in Syria [17].
We observed that 59.3% (n=16) of the K. pneumoniae
isolates were ESBL producers in the present study.
Reports from different parts of the world showed high
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ESBL-producing rates among K. pneumoniae isolates,
e.g., 23.5% in Kuwait [26], 36% in the United Arab
Emirates [11], 67.5% in Syria [12], and 70% in Jordan
[13]. Our findings of ESBL production in E. coli and K.
pneumoniae isolates agree with the results from
developing countries, particularly the Middle Eastern
countries.
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The high rates of ESBL production among E. coli and
K. pneumoniae isolates in Al-Shifa Hospital should alert
the physicians about the uncontrolled prescription of
cephalosporins, e.g., cefotaxime. The infections by
ESBL-producing isolates have shown co-resistance to
quinolones, aminoglycosides, and
sulfamethoxazole/trimethoprim.

The ESBL-producing isolates in our study were
resistant to the most commonly prescribed antibiotics in

Gaza hospitals. The high level of resistance (>50%) to
sulfamethoxazole/trimethoprim, nalidixic acid,
ciprofloxacin, ceftazidime, cefotaxime, ampicillin,
kanamycin, and tobramycin could be due to overuse or
misuse of these antimicrobial agents in the Gaza Strip,
i.e., easy availability of these antibiotics and lack of an
antibiotic policy in Palestine. In a similar study in a
Palestinian hospital, most K. pneumoniae and E. coli
isolates were resistant to most tested antibiotics [24].

100%
80% 70.40%
60%
37.50%
40% 29.60%
18.75% 18.75% 18.75%
20%
o 1l o
0%
blaCTX-M + blaCTX-M + blaCTX-M + blaCTX-M + blaCTX-M
blaSHV+ blaTEM  blaSHV+ blaOXA blaSHV blaTEM
m K. pneumoniae ®E. coli
Fig. 3. Multiplicity of B-lactamase encoding genes in K. pneumoniae and E. coli isolates.
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Fig. 4. Comparison of antibiotics resistance among ESBL and non-ESBL producers of E. coli and K. pneumoniae.

One of the significant findings of this study is the
sensitivity of both pathogenic agents to imipenem. The
resistance rate to imipenem was about 20.9%, and E. coli
was more sensitive than K. pneumoniae. Therefore,
imipenem remains an effective treatment option for E.
coli and K. pneumoniae in Gaza Strip hospitals. A recent
survey in Palestine showed a 20% imipenem-resistant
rate among K. pneumoniae and E. coli isolates [24]. In
Iran, the resistance rate to imipenem was 8.5% to 20%
[22], which agrees with our findings; however, in
Turkey, the rate was much higher (79.2%) [27].

Our findings showed apparent susceptibility pattern
variations between the 43 ESBL-producers K.
pneumoniae and E. coli isolates regarding quinolones,

J Med Microbiol Infect Dis 138

aminoglycosides, amoxicillin-clavulanic acid,
chloramphenicol, and ceftazidime. The resistance to
aminoglycosides, amoxicillin-clavulanic acid, and
imipenem in K. pneumoniae isolates was higher than in
E. coli. Other studies reported susceptibility patterns
similar to our findings for some antimicrobials; however,
none of the reports have provided the same susceptibility
patterns [28, 29].

Regarding the B-lactamase encoding genes, blacrx-m
was detected in 70.4% of E. coli isolates. Our results
agree with other studies in Palestine and United Arab
Emirates [30, 31]. The blacrx-m and blatem-1 genes were
identified in 29.6% of E. coli isolates; others have
previously reported this association [30, 32]. The present
study found that most CTX-M-producing K. pneumoniae

2021 Vol. 9 No. 3



isolates harbor more than one R-lactamase encoding
gene. Our results revealed that > 50% of K. pneumoniae
isolates harbor three R-lactamase encoding genes and
25% two genes, similar to findings in previously
reported studies [33-35].

K. pneumoniae isolates had a higher ESBL producer
rate than E. coli. This finding correlates with other
studies in the USA [36] and Turkey [37]. However, some
reports indicated higher ESBL-producing rates in E. coli
than K. pneumoniae in some countries, e.g., Saudi
Arabia [38] and Bangladesh [29]. Most K. pneumoniae
harbored two or three B-lactamases-encoding genes,
limiting the antibiotic choice for the treatment.

We observed that resistance to antibiotics was higher
among ESBL producers than non-ESBL producers,
which indicates the need for a screening strategy in our
laboratories to identify the ESBL- associated infections
in patients and prescribe specific and suitable antibiotics.

In our study, ESBL and non-ESBL producers isolates
were 91% and 97% sensitive to imipenem, respectively.
Similar studies have reported 100% and 96.8%
sensitivity to imipenem among ESBL and non-ESBL E.
coli isolates [20, 39], inconsistent with our findings.

In conclusion, our findings depict a complicated
resistance problem with limited antimicrobial choices for
K. pneumoniae infections. Therefore, continuous
monitoring of ESBLs-producing isolates is required to
reduce their frequency and prevent any possible outbreak
of these superbugs. According to the results of this study,
there are limited treatment options available for these
pathogens; imipenem, a carbapenem member, can be
suggested as a drug of choice. The development of
ESBL-producing pathogens can be decreased by
restricting third-generation cephalosporins, increasing
imipenem wuse, and implementing infection control
measures in hospitals to avoid the dissentation of
resistance bacteria such as hand hygiene, use of personal
protective equipment (e.g., gloves, masks, eyewear) and
clean and disinfected environmental surfaces.

ACKNOWLEDGMENT

This study was funded by the Tunisian Ministry of
Higher Education and Scientific Research.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of
interest associated with this manuscript.

REFERENCES

1. Mehrgan H, Rahbar M. Prevalence of extended-spectrum f3-
lactamase-producing Escherichia coli in a tertiary care hospital
in Tehran, Iran. Int J Antimicrob Agents. 2008; 31 (2): 147-51.

2. Tayh G, Sallem RB, Yahia HB, Gharsa H, Klibi N,
Boudabous A, et al. First report of extended-spectrum [-

J Med Microbiol Infect Dis 139

ESBL resistance among E.coli and K. pneumoniae from Palestine

lactamases among clinical isolates of Escherichia coli in Gaza
Strip, Palestine. J Glob Antimicrob Resist. 2016; 6: 17-21.

3. Bradford PA. Extended-spectrum B-lactamases in the 21st
century: characterization, epidemiology, and detection of this
important resistance threat. Clin Microbiol Rev. 2001; 14 (4):
933-51.

4. Turner PJ. Extended-spectrum f-lactamases. Clin Infect Dis.
2005; 41 (Supplement 4): S273-S5.

5. Tacconelli E, Magrini N, Kahlmeter G, Singh N. Global
priority list of antibiotic-resistant bacteria to guide research,
discovery, and development of new antibiotics. World Health
Organization. 2017; 27: 318-27.

6. Duval A, Obadia T, Boélle P-Y, Fleury E, Herrmann J-L,
Guillemot D, et al. Close proximity interactions support
transmission of ESBL-K. pneumoniae but not ESBL-E. coli in
healthcare settings. PLoS Comput Biol. 2019; 15 (5):
€1006496.

7. Akpaka PE, Swanston WH. Phenotypic detection and
occurrence of extended-spectrum beta-lactamases in clinical
isolates of Klebsiella pneumoniae and Escherichia coli at a
tertiary hospital in Trinidad & Tobago. Braz J Infect Dis. 2008;
12: 516-20.

8. Tayh G, Al Laham N, Elmanama A, SLAMA KB.
Occurrence and antimicrobial susceptibility pattern of ESBL
among Gram-negative bacteria isolated from burn unit of Al
Shifa hospital in Gaza, Palestine. Int Arab J Antimicrob
Agents. 2016; 5 (3).

9. Astal Z, Sharif FA, Abdallah SA, Fahd MI. Extended
spectrum beta-lactamases in Eschericia coli isolated from
community-acquired urinary tract infections in the Gaza Strip,
Palestine. Ann Saudi Med. 2004; 24 (1): 55-7.

10. Adwan G, Abu Jaber A. Frequency and molecular
characterization of B-lactamases producing Escherichia coli
isolated from North of Palestine. Br Microbiol Res J. 2016; 11
(5): 1-13.

11. Al-Zarouni M, Senok A, Rashid F, Al-Jesmi SM, Panigrahi
D. Prevalence and antimicrobial susceptibility pattern of
extended-spectrum beta-lactamase-producing
Enterobacteriaceae in the United Arab Emirates. Med Princ
Pract. 2008; 17 (1): 32-6.

12. Ibrahim ALS, Youssef N. Prevalence of CTX-M, TEM and
SHV Beta-lactamases in Clinical Isolates of Escherichia Coli
and Klebsiella Pneumoniae Isolated From Aleppo University
Hospitals, Aleppo, Syria. Arch Clin Infect Dis. 2015; 10 (2):
£22540.

13. Shehabia AA, Mahafzah A, Baadran I, Qadar FA, Dajani
N. High incidence of Klebsiella pneumoniae clinical isolates to
extended-spectrum B-lactam drugs in intensive care units.
Diagn Microbiol Infect Dis. 2000; 36 (1): 53-6.

14. Cheaito K, Matar GM. The Mediterranean Region: A
Reservoir for CTX-M-ESBL-Producing Enterobacteriacae. J
JBS. 2014; 7: 1-6.

15. Batchoun RG, Swedan SF, Shurman AM. Extended
Spectrum R-Lactamases among Gram-negative Bacterial

2021 Vol. 9 No. 3



Tayh et al.

Isolates from Clinical Specimens in Three Major Hospitals in
Northern Jordan. Int J Microbiol. 2009; 2009: 513874.

16. Hassan WM, Hashim A, Domany RAA. Plasmid mediated
quinolone resistance determinants gnr, aac(6")-1b-cr, and gep in
ESBL-producing Escherichia coli clinical isolates from Egypt.
Indian J Med Microbiol. 2012; 30 (4): 442.

17. Al-Assil B, Mahfoud M, Hamzeh AR. Resistance trends
and risk factors of extended spectrum R-lactamases in
Escherichia coli infections in Aleppo, Syria. Am J Infect
Control. 2013; 41 (7): 597-600.

18. Pechorsky A, Nitzan Y, Lazarovitch T. Identification of
pathogenic bacteria in blood cultures: comparison between
conventional and PCR methods. J Microbiol Methods. 2009;
78 (3): 325-30.

19. Wayne P. CLSI performance standard of antimicrobial
susceptibility testing: twenty-fourth international supplement.
CLSI Document M100-S24, Clinical and Laboratory Standard
Institute. 2014; 34 (1): 50-106.

20. Naik J, Desai P. Antibiotic resistance pattern in urinary
isolates of Escherichia coli with special reference to extended
spectrum B-Lactamases production. Int J Univers Pharm Life
Sci. 2012; 3 (3): 0976-7126.

21. Jouini A, Vinué L, Slama KB, Saenz Y, Klibi N, Hammami
S, et al. Characterization of CTX-M and SHV extended-
spectrum B-lactamases and associated resistance genes in
Escherichia coli strains of food samples in Tunisia. J
Antimicrob Chemother. 2007; 60 (5): 1137-41.

22. Hadadi A, Rasoulinejad M, Maleki Z, Yonesian M, Shirani
A, Kourorian Z. Antimicrobial resistance pattern of Gram-
negative bacilli of nosocomial origin at 2 university hospitals
in Iran. Diagn Microbiol Infect Dis. 2008; 60 (3): 301-5.

23. Peterson DL, Ko WC, Gottberg AV, Mohapatra S, Casellas
JM, Goossens H. International prospective study of Klebsiella
pneumoniae bacteremia implication of extended-spectrum beta-
lactamase production in nosocomial infections. Ann Intern
Med. 2004; 140: 26-32.

24. El Astal ZY, Ramadan H. Occurrence of Extended-
Spectrum  Beta-Lactamases in isolates of Klepsiella
pneumoniae and Escherichia coli. Inter J Integr Biol. 2008; 2
(2): 123-8.

25. Al-Masri M, Abu-Hasan N, Jouhari MM. Extended
Spectrum B-lactamases in Clinical Isolates of Escherichia coli
and Enterobacter cloacae Collected from Nablus District-
Palestine. Br Microbiol Res J. 2016; 16 (3): 1-7.

26. Jamal W, Rotimi VO, Khodakhast F, Saleem R, Pazhoor A,
Al Hashim G. Prevalence of extended-spectrum beta-
lactamases in  Enterobacteriaceae, Pseudomonas and
Stenotrophomonas as determined by the VITEK 2 and E test
systems in a Kuwait teaching hospital. Med Princ Pract. 2005;
14 (5): 325-31.

27. Kucukates E. Antimicrobial resistance among Gram-
negative bacteria isolated from intensive care units in a
Cardiology Institute in Istanbul, Turkey. Jpn J Infect Dis. 2005;
58 (4): 228.

J Med Microbiol Infect Dis 140

28. Thomson KS, Moland ES. Cefepime, piperacillin-
tazobactam, and the inoculum effect in tests with extended-
spectrum f-lactamase-producing Enterobacteriaceae.
Antimicrob Agents Chemother. 2001; 45 (12): 3548-54.

29. Alipourfard I, Nili NY. Antibiogram of Extended Spectrum
Beta-lactamase (ESBL) producing Escherichia coli and
Klebsiella pneumoniae isolated from Hospital Samples.
Bangladesh j med microbiol. 2010; 4 (1): 32-6.

30. Adwan K, Jarrar N, Abu-Hijleh A, Adwan G, Awwad E.
Molecular characterization of Escherichia coli isolates from
patients with urinary tract infections in Palestine. J Med
Microbiol. 2014; 63 (2): 229-34.

31. Sonnevend A, Rotimi VO, Kolodziejek J, Usmani A,
Nowotny N, Pal T. High level of ciprofloxacin resistance and
its molecular background among Campylobacter jejuni strains
isolated in the United Arab Emirates. J Med Microbiol. 2006;
55 (11): 1533-8.

32. Nimri L, Azaizeh B. First report of multidrug-resistant
ESBL-producing urinary escherichia coli in Jordan. Microbiol
Res J Int. 2012: 71-81.

33. Khosravi AD, Hoveizavi H, Mehdinejad M. Prevalence of
Klebsiella pneumoniae encoding genes for CTX-M-1, TEM-1
and SHV-1 extended-spectrum beta lactamases (ESBL)
enzymes in clinical specimens. Jundishapur JMicrobiol 2013; 6
(10).

34. Feizabadi MM, Delfani S, Raji N, Majnooni A, Aligholi M,
Shahcheraghi F, et al. Distribution of bla TEM, bla SHV, bla
CTX-M genes among clinical isolates of Kilebsiella
pneumoniae at Labbafinejad Hospital, Tehran, Iran. Microb
Drug Resist. 2010; 16 (1): 49-53.

35. Ojdana D, Sacha P, Wieczorek P, Czaban S, Michalska A,
Jaworowska J, et al. The occurrence of blaCTX-M,
blaSHV,and DblaTEM. genes in extended-spectrum b-
lactamasepositive  isolates of Klebsiella pneumoniae,
Escherichia coli, and Proteus mirabilis in Poland. Int J
Antibiot. 2014; 2014: 935842.

36. Saurina G, Quale JM, Manikal VM, Oydna E, Landman D.
Antimicrobial resistance in Enterobacteriaceae in Brooklyn,
NY: epidemiology and relation to antibiotic usage patterns. J
Antimicrob Chemother. 2000; 45 (6): 895-8.

37. Serefhanoglu K, Turan H, Timurkaynak FE, Arslan H.
Bloodstream infections caused by ESBL-producing E. coli and
K. pneumoniae: risk factors for multidrug-resistance. Braz J
Infect Dis. 2009; 13 (6): 403-7.

38. Somily AM, Habib HA, Absar MM, Arshad MZ, Manneh
K, Al Subaie SS, et al. ESBL-producing Escherichia coli and
Klebsiella pneumoniae at a tertiary care hospital in Saudi
Avrabia. J Infect Dev Ctries. 2014; 8 (09): 1129-36.

39. Poovendran P, Vidhya N, Murugan S. Antimicrobial
susceptibility pattern of ESBL and non-ESBL producing
uropathogenic Escherichia coli (UPEC) and their correlation
with biofilm formation. Intl J Microbiol Res. 2011; 4 (1): 56-
63.

2021 Vol. 9 No. 3



ESBL resistance among E.coli and K. pneumoniae from Palestine

Cite this article:

Tayh Gh, Al Laham N, Fhoula I, Abedelateef N, El-Laham M, Elkader Elottol A, Ben Slama K. Frequency and
Antibiotics Resistance of Extended-Spectrum Beta-Lactamase (ESBLs) Producing Escherichia coli and Klebsiella
pneumoniae Isolated from Patients in Gaza Strip, Palestine. J Med Microbiol Infect Dis, 2021; 9 (3): 133-141. DOI:
10.52547/JoMMID.9.3.133

J Med Microbiol Infect Dis 141 2021 Vol. 9 No. 3



