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ABSTRACT

BACKGROUND: This study aimed to determine the prevalence
of extended-spectrum-beta-lactamase (ESBL) and carbapenem-
resistant gram-negative bacteria (GNB) isolated from patients at
the King Faisal Hospital in Makkah, Saudi Arabia.

METHODS: In this cross-sectional study, a total of 298 patients
admitted to the intensive care unit for 48 hours and who had a
central venous catheter were selected using a census sampling
method. Only patients with ESBL and carbapenem-resistant GNB-
isolated organisms (175 patients) were included. The susceptibility
test of GNB was carried out according to the standard
recommendations. The identified strains were tested in-vitro
against several antimicrobial drugs. Statistical analysis was
performed using SPSS version 24.

RESULTS: 36(20.6%) of samples were ESBL-producing GNB,
whereas 139(79.4%) were carbapenem-resistant GNB. The pooled
proportional estimates of ESBL-producing GNB Escherichia coli,
Klebsiella pneumoniae, and other GNB were 44.4%, 41.6%, and
14.0%, respectively; the pooled proportional estimates of
carbapenem resistance GNB Klebsiella pneumoniae, Acinetobacter
baumannii complex/hemolyticus and other GNB were 82.8%,
10.8%, and 6.4%, respectively. All ESBL-producing GNB and
carbapenem-resistance GNB were multidrug-resistant pathogens.
The highest carbapenem resistance GNB 139(100%) was to
ampicillin, and the lowest 122(87.7%) was to
Amoxicillin/clavulanic acid (Amox/clav). All ESBL-producing
GNB 36 (100%) were resistant to cefotaxime, and 35 (97.2%) were
resistant to ampicillin, cefuroxime, cefepime, and ceftazidime.
Additionally, the effective antibiotic against ESBL-producing GNB
was imipenem.

CONCLUSION: Antibiotic utilization measures appear to
contribute to the control of the emergence of multidrug-resistant
pathogens such as ESBL and carbapenem-resistant GNB. Strict
adherence to well-accepted infection control guidelines along with
caution in using broad-spectrum antimicrobial agents represents
the best strategy for preventing the emergence and spread of
multidrug-resistant pathogens.

KEYWORDS: Carbapenem, Extended-spectrum beta-lactamase,
Gram-negative bacteria, Resistant, Saudi Arabia
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INTRODUCTION

Antimicrobial resistance (AMR) is a global health
problem associated with high morbidity and
mortality rates (1). The load of AMR is growing,
with transmission often happening in healthcare
settings due to poor infection control practices and
improper use of antibiotics (2). Several studies
have highlighted that it is the best time to take the
necessary initiatives to prevent the emergence and
spread of AMR pathogens (3-5).

AMR strains have been found in Saudi
Arabia, and currently, several studies are being
conducted to have a more in-depth view (6-8).
Gram-negative bacteria (GNB) and
Enterobacteriaceae are one of the most common
pathogenic organisms causing various life-
threatening severe infections (9). Notably,
carbapenems are the most effective antibiotic
therapy for infections caused by multidrug-
resistant Enterobacteriaceae (10, 11). With the
widespread use of carbapenem antibiotics,
carbapenem-resistant  Enterobacteriaceae have
extensively developed and become a serious
public health concern (12). The emergence of
extended-spectrum beta-lactamase (ESBL) and
carbapenem resistance bacterial infections among
intensive care unit (ICU) patients is one of the
most alarming global health threats today. They
are significant reasons for morbidity, more
extended hospital stays, and mortality in the ICU
with limited therapeutic options, and they utilize
many sources to prevent, identify, and respond to
them (13). Therefore, GNB isolates from urinary
tract infections, bloodstream infections, lower
respiratory tract infections, and wound infections
in ICUs are superbugs and nightmare bacteria
(14).

ESBLs are enzymes produced by certain
bacteria that can hydrolyze extended-spectrum
third-generation cephalosporins (15). In contrast,
carbapenemase is a class of beta-lactamase
enzymes released from GNB to protect itself
against carbapenem antibiotics and leads to giving
resistance to all penicillins and cephalosporins
(16). In Saudi Arabia, the GNB shows a
meaningful increase in becoming carbapenem-
resistant GNB, which is significantly higher than
in other parts of the globe (17). In addition, an
increasing predominance of ESBL has been found

in Saudi Arabia. It has been further defined that
Klebsiella pneumoniae shows 65% ESBL, and
Escherichia coli gives 29% ESBL rates. It is
causing an expansion in Saudi Arabia's mortality
rate from 11% to 40% through multiple reported
mortality outbreaks of uncontrollable infections
due to AMR pathogen infections (18).
Furthermore, the rate of carbapenem-resistant
Acinetobacter baumannii has overgrown in the
last five years in Saudi Arabia (19). Additionally,
according to the current surveillance conducted on
Gram-positive cocci in Saudi Arabia, 32% of
Staphylococcus aureus have become methicillin-
resistant, 33% of Streptococcus pneumoniae have
become resistant to penicillin G, and another 26%
have become utterly resistant to erythromycin
(20). Therefore, this study aimed to determine the
prevalence of ESBL and carbapenem-resistant
GNB isolated from patients at the King Faisal
Hospital in Makkah, Saudi Arabia.

METHODS

Study design, setting, and period: This cross-
sectional study was conducted at the King Faisal
Hospital in Makkah, Saudi Arabia, between
November 1, 2020, and January 31, 2021.

Data collection procedure: Samples were
collected from patients admitted to the ICU for 48
hours and who had a central venous catheter
(CVC). Samples were collected from different
locations as follows: blood, central vein puncture,
sputum, urine culture, wound, and
bronchoalveolar lavage.

Blood drawing procedures were done by
hospital nursing, which follows the Ministry of
Health regulation that includes cleaning the skin
with 2% chlorhexidine with a 70% isopropyl
alcohol applicator for 30 seconds using a back-
and-forth scrubbing technique. Besides, two sets
of blood cultures were drawn from patients to rule
out the contamination. The samples were sent to a
reference lab for molecular identification.

Sample size and sampling: The study participants
were selected using the census sampling method
as all eligible patients were found during the study
period (between November 1, 2020, and January
31, 2021); 298 patients who were admitted to the
ICU for 48 hours and who had a CVC were
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eligible to be included in the study. Only patients
with ESBL and carbapenem-resistant GNB-
isolated organisms (175 patients) were included in
this study. Outpatients and patients with other
types of microorganisms were excluded from the
study. One sample was obtained from each patient
according to his/her medical condition.
Isolation and identification of pathogens

The King Faisal Hospital Microbiology
Laboratory proceeded with the received samples
from the ICU according to the standard operating
procedures  for  bacterial  isolation  and
identification. Blood culture bottles were
incubated in Biomeieux BACT/ALERT. After the
machine gave the growth signal, the samples were
cultured in blood, MacConkey, and chocolate
agar. Urine samples were cultured in blood,
MacConkey, or CLED agar. Lower respiratory
tract samples were cultured in blood, MacConkey,
and chocolate agar. They have then incubated
aerobically at 37°C for 24 to 48 hours, except for
the blood culture, which was incubated for 5 to 7
days. Preliminary identification of some isolates
was performed based on the colonial morphology,
Gram stain, and routine rapid biochemical tests
such as catalase, indole, and oxidase tests.
Bacterial identification was performed according
to the protocols of the hospital where the strain
originated: gram-negative strains were identified
by Pos Breakpoint Combo Panel Type 50 in
MicroScan (Beckman Coulter Inc., CA, United
States), and gram-positive strains by Pos
Breakpoint Combo Panel Type 28 in MicroScan
(Beckman Coulter Inc., CA, United States).

Antimicrobial susceptibility testing: The
susceptibility test of GNB was carried out
according to the recommendations of the Clinical
and Laboratory Standards Institute (CLSI).
Identified strains were tested in vitro against
several classes of antimicrobial drugs using the
MicroScan automated microbiology system (Pos
Breakpoint Combo 50 Panel). The following
antimicrobial agents were examined: Amox/clav
(2 pg/ml), ampicillin (16 pg/ml), cefepime (16

pg/ml), cefotaxime (16 pg/ml), ceftazidime (16
pug/ml), ciprofloxacin (2 pg/ml), cefuroxime (16
pg/ml), gentamicin (8 pg/ml), imipenem (8
pug/ml), meropenem (8 pg/ml), and trimeth/Sulfa
(0.05 pg/ml). Quality control and maintenance
were achieved according to the manufacturer’s
guidelines.

Ethical considerations: The study protocol was
approved by the Research and Ethical Committee
of the College of Medicine at Umm Al Qura
University (HAPO-02-K-012-2021-08-713). Also,
permission was obtained from the King Faisal
Hospital. The conscious patients and unconscious
patients' proxies who agreed to participate in the
study were asked to sign a written informed
consent for participation in the study.

Statistical analysis: The Statistical Package for
Social Science (SPSS) version 24 (IBM Corp,
Armonk, NY, USA) was used for data analysis,
including descriptive statistics of frequencies and
percentages.

RESULTS

A total of 175 ESBL and carbapenem-resistant
GNB-isolated organisms’ samples were collected
from blood n = 28 (16.0%), central vein puncture
n =7 (4.0%), sputum n = 71 (40.6%), urine culture
n = 35 (20.0%), wound n = 33 (18.9%), and
bronchoalveolar lavage n = 1 (0.5%) of patients
admitted to the ICU for 48 hours and had a CVC
in the King Faisal Hospital between November 1,
2020 and January 31, 2021. 120 (65.6%) samples
were from males, and 55 (31.4%) samples were
from female patients. 36 (20.6%) samples were
positive for ESBL-producing GNB, of which 23.0
(63.9%) samples were from males, and 13.0
(36.1%) samples were from females. 139 (79.4%)
samples were positive for carbapenem resistance
in GNB, of which 97.0 (69.8%) samples were
from males, and 42.0 (30.2%) samples were from
females (Table 1).
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Table 1: The sources of isolated microorganisms for the ESBL-producing GNB and carbapenem-resistant
GNB by gender.
Sample sources ESBL-producing GNB Carbapenem resistance Total

n =36 (%) GNB n =139 (%) n=175 (%)

Male Female Male Female

Blood 2 (8.7) 1(7.7) 14 (14.4) 11 (26.2) 28 (16.0)
Central vein puncture 0 (0.0) 1(7.7) 6.0 (6.2) 0 (0.0) 7 (4.0)
Sputum 9(39.1) 1(7.7) 43 (44.3) 18 (42.9) 71 (40.6)
Urine culture 5(21.8) 8 (61.5) 16 (16.5) 6 (14.2) 35 (20.0)
Wound 7 (30.4) 2 (15.4) 17 (17.5) 7 (16.7) 33 (18.9)
Broncho alveolar lavage 0 (0.0) 0 (0.0) 1(1.1) 0 (0.0) 1(0.5)
Total 23 (63.9) 13 (36.1) 97 (69.8) 42 (30.2) 175 (100.0)

ESBL: Extended-Spectrum Beta-Lactamase; GNB: Gram-negative bacteria

Table 2 shows the types of ESBL-producing
GNB-isolated organisms by the sources of the
samples. 3.0 (8.3%) blood samples were positive
for ESBL-producing GNB, of which 1 (33.3%)
sample was Escherichia coli, and 2.0 (66.7%)
samples were Klebsiella pneumoniae. 1 (100.0)
central vein puncture sample was ESBL-
producing GNB-isolated Klebsiella pneumoniae.
10 (27.8%) sputum samples were positive for
ESBL-producing GNB, of which 1 (10.0%)
sample was Enterobacter aerogenes, 1 (10.0%)
sample was FEnterobacter cloacae, 2 (20.0%)
samples were Escherichia coli, 1 (10.0%) sample
was Klebsiella oxytoca, and 5 (50.0%) samples
were Klebsiella pneumoniae. 13 (36.1%) urine
culture samples were positive for ESBL-producing
GNB, of which 1 (7.7%) sample was Citrobacter

freundii, 9 (69.2%) samples were Escherichia coli,
and 3 (23.1%) samples were Klebsiella
pneumoniae. 24 (17.3%) wound samples were
positive for ESBL-producing GNB, of which 1
(11.2%) sample was Enterobacter cloacae, 4
(44.4%) samples were Escherichia coli, and 4
(44.4%) samples were Klebsiella pneumoniae. All
bronchoalveolar lavage samples were negative for
ESBL-producing GNB. In addition, the results

demonstrated that the pooled proportional
estimates of ESBL-producing GNB-isolated
organisms.

Escherichia  coli, Klebsiella  pneumoniae,

Enterobacter cloacae, and other GNB were
44.4%, 41.6%, 5.6%, and 8.4%, respectively.

Table 2: Types of ESBL-producing GNB-isolated organisms by the sources of the samples.

Isolated organisms Blood Central vein Sputum Urine culture Wound Broncho Total
puncture alveolar n =236 (%)
lavage
Citrobacter freundii 0 (0.0) 0 (0.0) 0 (0.0) 1(7.7) 0 (0.0) 0 (0.0) 1(2.8)
Enterobacter aerogenes 0 (0.0) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(2.8)
Enterobacter cloacae 0(0.0) 0 (0.0) 1 (10.0) 0 (0.0) 1(11.2)  0(0.0) 2 (5.6)
Escherichia coli 1(33.3) 0 (0.0) 2 (20.0) 9 (69.2) 4(44.4)  0(0.0) 16 (44.4)
Klebsiella oxytoca 0 (0.0) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(2.8)
Klebsiella pneumoniae 2 (66.7) 1(100.0) 5 (50.0) 3231 4(44.4) 0(0.0) 15 (41.6)
Total 3(8.3) 1(2.8) 10 (27.8) 13 (36.1) 9(2%) 0 (0.0) 36 (100)

Extended-Spectrum Beta-Lactamase; GNB: Gram-negative bacteria
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Table 3 shows the types of carbapenem resistance
in GNB isolated organisms by the sources of the
samples. 25 (18.0%) blood samples were positive
for carbapenem resistance in GNB isolated
organisms, of which 20 (80.0%) samples were
Klebsiella pneumoniae. 6 (4.3%) central vein
puncture samples were positive for carbapenem
resistance in GNB isolated organisms, of which 4
(66.6%) samples were Klebsiella pneumoniae. 61
(43.9%) sputum samples were positive for
carbapenem resistance in GNB isolated organisms,
of which 49 (80.3%) samples were Klebsiella
pneumoniae. 22 (15.8%) urine culture samples
were positive for carbapenem resistance in GNB

isolated organisms, of which 19 (86.5%) samples
were Klebsiella pneumoniae. 24 (17.3%) wound
samples were positive for carbapenem resistance
in GNB isolated organisms, of which 22 (91.6%)
samples were Klebsiella pneumoniae. Only 1
(0.7%) wound sample was positive for
carbapenem resistance in GNB isolated Klebsiella
pneumoniae. Moreover, the results demonstrated
the pooled proportional estimates of carbapenem
resistance in GNB isolated organisms Klebsiella
pneumoniae, Acinetobacter baumannii
complex/hemolyticus, Pseudomonas aeruginosa,
and other GNB were 82.8%, 10.8%, 2.2%, and
4.2%, respectively.

Table 3: Types of carbapenem resistance in GNB isolated organisms by the sources of the GNB: Gram-

negative bacteria.

Isolated organisms Blood Central  Sputum Urine Wound Broncho Total
vein culture alveolar n =139 (%)

puncture lavage

Acinetobacter baumannii 4 (16.0) 1(16.7) 8 (13.1) 1 (4.5) 1(4.2) 0(0.0) 15 (10.8)

complex/hemolyticus

Enterobacter aerogenes 0(0.0) 0(0.0) 0(0.0) 1 (4.5) 0(0.0) 0(0.0) 1(0.7)

Escherichia coli 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.5) 0 (0.0) 0 (0.0) 1(0.7)

Klebsiella oxytoca 0(0.0) 0(0.0) 2 (3.3) 0(0.0) 0(0.0) 0(0.0) 2(1.4)

Klebsiella pneumoniae 20 (80.0) 4 (66.6) 49(80.3) 19(86.5) 22(91.6) 1(100) 115 (82.8)

Morganella morganii 0(0.0) 1(16.7) 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 1(0.7)

Proteus mirabilis 1 (4.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(0.7)

Pseudomonas 0(0.0) 0(0.0) 2 (3.3) 0(0.0) 1(4.2) 0(0.0) 3(2.2)

aeruginosa

Total 25(18.0) 6(43) 61(439) 22(158) 24(17.3) 1(0.7) 139 (100)

Table 4 presents the ESBL-producing GNB
resistance to the examined ten antibiotics. The
results demonstrate that all ESBL-producing
GNBs such as Citrobacter freundii, Enterobacter
aerogenes, Enterobacter cloacae, Escherichia
coli, Klebsiella  oxytoca, and Klebsiella
pneumoniae were multidrug-resistant bacteria. 36
(100%) ESBL-producing GNB were resistant to
cefotaxime, and 35 (97.2%) were resistant to
ampicillin, cefuroxime, cefepime, and ceftazidime.
On the contrary, Among the examined ten
antibiotics (Ampicillin, cefuroxime, cefepime,
ceftazidime, imipenem, cefotaxime, gentamicin,
ciprofloxacin, amox/clav, and trimeth/sulfa), the

effective antibiotic against ESBL-producing GNB
was imipenem.

Table 5 presents the distribution of
carbapenem resistance GNB to the examined ten
antibiotics. The results demonstrate that all
carbapenem resistance GNB as Acinetobacter
baumannii complex/ hemolyticus, Enterobacter
aerogenes, Escherichia coli, Klebsiella oxytoca,
Klebsiella pneumoniae, Morganella morganii,
Proteus mirabilis, and Pseudomonas aeruginosa
were multidrug-resistant bacteria. The highest
carbapenem resistance GNB 139 (100%) were
resistant to ampicillin. In contrast, the lowest
carbapenem resistance GNB 122 (87.7%) was
resistant to amox/clav.
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Table 4: ESBL-producing GNB resistance to the most commonly used antibiotics.

Isolated organism Ampicillin  Cefuroxime Cefepime Ceftazidime Imipenem Cefotaxime Gentamicin Ciprofloxacin Amox/clav Trsllrﬁgh/
Citrobacter freundii (n=1) 1 (100) 1 (100) 1 (100) 1 (100) 0 (0.0) 1 (100) 1 (100) 1 (100) 0 (0.0) 1 (100)
Enterobacter aerogenes (n=1) 1 (100) 1 (100) 1 (100) 1 (100) 0 (0.0) 1 (100) 0 (0.0) 1 (100) 1 (100) 1 (100)
Enterobacter cloacae (n=2) 2 (100) 2 (100) 2 (100) 2 (100) 0 (0.0) 2 (100) 1 (50) 1 (50) 1 (50) 1 (50)
Escherichia coli (n=16) 16 (100) 16 (100) 16 (100) 16 (100) 0 (0.0) 16 (100) 4 (25.0) 9 (56.2) 3 (18.7) 9 (56.2)
Klebsiella oxytoca (n=1) 1 (100) 1 (100) 1 (100) 1 (100) 0 (0.0) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)
Klebsiella pneumoniae (n=15) 14 (93.3) 14 (93.3) 14 (93.3) 14 (93.3) 1 (6.6) 14 (93.3) 7 (46.6) 8(53.3) 3(20.0) 14(93.3)
Total 35(97.2) 35(97.2)  35(97.2) 35(97.2) 1(2.77) 36 (100) 15 (41.6) 22 (61.1) 9(25.0) 28(77.7)
ESBL: Extended-Spectrum Beta-Lactamase; GNB: Gram-negative bacteria
Table 5: Distribution of carbapenem resistance GNB by the most commonly used antibiotics.
GNB isolates Ampicillin Cefuroxi Meropenem Ceftazidi Imipene Cefotaxi Gen.taml (3.1pr0ﬂ0xa Amox/cl Trimeth/
me me m me cin cin av Sulfa
Acinetobacter baumannii
complex/ hemolyticus (n=15) 15 (100) 15 (100) 15 (100) 15(100) 15(100) 15(100) 15 (100) 14 (93.3) 1(6.6) 15(100)
Enterobacter aerogenes (n=1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1(100)
Escherichia coli (n=1) 1 (100) 1 (100) 0 (0.0) 1 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(100) 0(0.0)
Klebsiella oxytoca (n=2) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100)
Klebsiella pneumoniae (n=115) 115(100)  115(100)  115(100) 115 (100) (} (1)(5)) 115 (100) 115 (100) 115 (100) (} (1)(5)) 115 (100)
Morganella morganii (n=1) 1 (100) 1 (100) 0 (0.0) 1 (100) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100) 1(100) 1 (100)
Proteus mirabilis (n=1) 1 (100) 1 (100) 0 (0.0) 0 (0.0) 1 (100) 0 (0.0) 1 (100) 1 (100) 1 (100) 1(100)
Pseudomonas aeruginosa (n=3) 3 (100) 3 (100) 3 (100) 3 (100) 3 (100) 0 (0.0) 3 (100) 3 (100) 0(0.0) 0(0.0)
Total 139(100) 136 (97.8) 136 (97.8) 138 137 133 37 437085 12 1350071
) ) (99.2) (98.5) (95.6) (98.5) ) (87.7) )
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DISCUSSION

AMR is one of the biggest threats to global health,
food security, and development today, which can
affect anyone, of any age, in any country. In
addition, AMR occurs naturally, but misuse of
antibiotics in humans and animals is accelerating
the process. Furthermore, AMR leads to longer
hospital stays, higher medical costs, and increased
mortality (21). This study aimed to determine the
prevalence of ESBL and carbapenem-resistant
GNB isolated from patients at the King Faisal
Hospital in Makkah, Saudi Arabia. In the current
study, a total of 175 GNB samples were collected
from patients admitted to the ICU for 48 hours and
who had a CVC. The GNB samples were collected
from different locations as follows: blood n = 28
(16.0%), central vein puncture n = 7 (4.0%),
sputum n = 71 (40.6%), urine culture n = 35
(20.0%), wound n = 33 (18.9%), and
bronchoalveolar lavage n = 1 (0.5%). The main
results of the current study demonstrate that 36
(20.6%) of samples were ESBL-producing GNB,
whereas 139 (79.4%) were carbapenem resistance
GNB. Alebel et al. 2021 showed that 24.8% and
5.2% of the patients in ICU have infections with
ESBL and carbapenemase releasing GNB,
respectively (13). Abayneh et al. 2020 meta-
analysis showed that the overall proportional
estimate of ESBL-producing GNB was 48.9%
(22). Patients are often hospitalized in ICUs
following problems in their respiratory, cardiac,
renal, and brain after surgery and major trauma
complications (23, 24). Patients hospitalized in
ICUs are most at risk of developing infections
from various sites (25). The most common
infections that occur in the ICU are ventilator-
associated lower respiratory tract infections,
central line-associated bloodstream infections, and
urinary tract infections associated with catheter
and surgical site infections (26). Globally,
infections with GNB are five to ten times higher
among patients in the ICU than those in the
general wards (27).

In addition, the results revealed that the
pooled proportional estimates of ESBL-producing
GNB Escherichia coli, Klebsiella pneumoniae,
Enterobacter cloacae, and other GNB were 44.4%,
41.6%, 5.6%, and 8.4%, respectively. Abayneh et

al. 2020 meta-analysis showed that the pooled
proportional  estimates of ESBL-producing
Klebsiella pneumoniae, Escherichia coli, and other
GNB were 61.8%, 41.2%, and 42.9%, respectively
(22). Furthermore, Alebel et al. 2021 showed that
the most frequent ESBL-producing isolates were
Klebsiella pneumoniae (82.8%) and Escherichia
coli (64%) (13). The results of the current study
support these findings. Additionally, the results of
the present study showed all ESBL-producing
GNB were multidrug-resistant bacteria. Moreover,
in the current study, all ESBL-producing GNB
were resistant to cefotaxime, and 97.2% were
resistant to ampicillin, cefuroxime, cefepime, and
ceftazidime. On the contrary, the -effective
antibiotic against ESBL-producing GNB was
imipenem. Multidrug-resistant is increasingly seen
in many GNBs as a result of the widespread use of
various antibiotics (28, 29).

ESBLs are enzymes that commonly mediate
resistance to -lactam antimicrobial drugs in GNB
(30) and are most commonly found in Escherichia
coli and Klebsiella pneumoniae (29). ESBLs have
the ability to hydrolyze penicillins, third-
generation cephalosporins, and monobactams (31).
ESBL enzymes are encoded by transferable
conjugative plasmids, which often code resistance
determinants to other classes of antimicrobial
agents and are also responsible for the
dissemination of resistance to other GNBs in the
community and in hospitals [32]. Infection caused
by ESBL-producing bacteria is an emerging
problem in the community setting, in hospitals,
and in many parts of the world (33). Several
reports have addressed the fecal carriage of these
organisms during nosocomial outbreaks (31, 34).
On the other hand, the results of the current study
demonstrated the pooled proportional estimates of
carbapenem resistance GNB Klebsiella
pneumoniae, Acinetobacter baumannii
complex/hemolyticus, Pseudomonas aeruginosa,
and other GNB were 82.8%, 10.8%, 2.2%, and
4.2%, respectively. Enterobacterales family,
Pseudomonas aeruginosa, and Acinetobacter
species are potential superbugs that can produce
ESBL, and -carbapenemase-releasing GNB is
widely reported in ICU settings. Moreover, the
results of the present study showed all ESBL-
producing GNB and carbapenem resistance GNB
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were multidrug-resistant bacteria. The prevailing
prevalence of multidrug-resistant is in accord with
studies done in Uganda (58%) (35), India (72.5%)
(36), Nepal (62.1% and 79%) (37, 38), and
Mexico (70.96%) (39). The high burden of
multidrug-resistant isolates in the present study
could be associated with empirical, non-selective
use of antibiotics and irrational dose regimens. In
the present study, the highest carbapenem
resistance GNB of 100% was to ampicillin; and
the lowest 87.7% was to amox/clav. Ampicillin is
frequently used as the first line of treatment for
common infections. Comparable results were
reported in Ethiopia, where bacterial isolates were
100% resistant to ampicillin and 81.9% resistant to
sulfamethoxazole-trimethoprim (40). Actually, the
determinants of ESBL and carbapenem-resistant
GNB among patients in the ICU need more studies
in the future.

The main strength of our study was it is the
first study that shows the prevalence of ESBL and
carbapenem-resistant GNB isolated from patients
admitted to the ICU for 48 hours and who had
CVC at the King Faisal Hospital in Makkah, Saudi
Arabia. The main limitation of this study is its
cross-sectional ~ design  which  limits  the
generalizability of our results. Furthermore, as the
study was cross-sectional, there was no follow-up
for the study participants. Additionally, all of the
study isolates were collected from inpatients, and

the exact number of nosocomial versus
community-acquired bacteria was not
differentiated.

In conclusion, our study demonstrates that
20.6% of samples were ESBL-producing GNB,
whereas 79.4% were carbapenem resistance GNB.
The pooled proportional estimates of ESBL-
producing GNB Escherichia coli, Klebsiella
pneumoniae, Enterobacter cloacae, and other GNB
were 44.4%, 41.6%, 5.6%, and 8.4%, respectively.
Whereas the pooled proportional estimates of
carbapenem resistance GNB Klebsiella
pneumoniae, Acinetobacter baumannii
complex/hemolyticus, Pseudomonas aeruginosa,
and other GNB were 82.8%, 10.8%, 2.2%, and
4.2%, respectively. All ESBL-producing GNB and
carbapenem resistance GNB were multidrug-
resistant bacteria. The highest carbapenem
resistance GNB (100%) was to ampicillin, and the

lowest (87.7%) was to amox/clav. All ESBL-
producing GNB were resistant to cefotaxime, and
97.2% were resistant to ampicillin, cefuroxime,
cefepime, and ceftazidime. On the contrary, the
effective antibiotic against ESBL-producing GNB
was imipenem. Therefore, antibiotic utilization
measures appear to contribute to the control of the
emergence of multidrug-resistant pathogens such
as ESBL and carbapenem-resistant GNB. Strict
adherence to well-accepted infection control
guidelines along with caution in using broad-
spectrum antimicrobial agents represents the best
strategy for preventing the emergence and spread
of nosocomial multidrug-resistant pathogens.
Further future studies are required to confirm
these findings.

ACKNOWLEDGMENT

The author would like to thank the King Faisal
Hospital in Makkah Saudi Arabia for facilitating
the conduction of this study.

REFERENCES

1. Loayza F, Graham JP, Trueba G: Factors
obscuring the role of E. coli from domestic
animals in the global antimicrobial resistance
crisis: an evidence-based review. International
Jjournal of environmental research and public
health 2020, 17(9):3061.

2. Friedrich AW: Control of hospital acquired
infections and antimicrobial resistance in
Europe: the way to go. Wiener Medizinische
Wochenschrifi 2019, 169(1):25-30.

3. Kilpatrick M, Hutchinson A, Manias E,
Bouchoucha SL: Paediatric nurses’, children's
and parents’ adherence to infection prevention
and control and knowledge of antimicrobial
stewardship: A systematic review. American
Journal of Infection Control 2021, 49(5):622-
639.

4. Holmes AH, Moore LS, Sundsfjord A,
Steinbakk M, Regmi S, Karkey A, Guerin PJ,
Piddock LJ: Understanding the mechanisms and
drivers of antimicrobial resistance. The Lancet
2016, 387(10014):176-187.

5. WHO: Global action plan to control the spread
and impact of antimicrobial resistance in
Neisseria gonorrhoeae. World  Health
Organization 2012.




Extended—Sﬁectrum Beta-Lactamase... Kabrah A. 1229

6.

10.

11.

12.

13.

Ibrahim ME: Prevalence of Acinetobacter
baumannii in Saudi Arabia: risk factors,
antimicrobial resistance patterns and
mechanisms of carbapenem resistance. Annals of
clinical microbiology and antimicrobials 2019,
18(1):1-12.

Alghamdi S, Berrou I, Bajnaid E, Aslanpour Z,
Haseeb A, Hammad MA, Shebl N:
Antimicrobial stewardship program
implementation in a Saudi Medical City: an
exploratory case study. Antibiotics 2021,
10(3):280.

Rizwan M, Fatima N, Alvi A: Epidemiology and
pattern of antibiotic resistance in Helicobacter
pylori: Scenario from Saudi Arabia. Saudi
Journal of gastroenterology: official journal of
the Saudi Gastroenterology Association 2014,
20(4):212.

Wu D, Chen C, Liu T, Jia Y, Wan Q, Peng J:
Epidemiology, susceptibility, and risk factors
associated with mortality in carbapenem-

resistant gram-negative bacterial infections
among abdominal solid organ transplant
recipients: a retrospective cohort study.

Infectious diseases and therapy 2021, 10(1):559-
573.

Zowawi HM, Harris PN, Roberts MJ, Tambyah
PA, Schembri MA, Pezzani MD, Williamson
DA, Paterson DL: The emerging threat of
multidrug-resistant Gram-negative bacteria in

urology. Nature Reviews Urology 2015,
12(10):570-584.

Neorgaard SM, Jensen CS, Aalestrup J,
Vandenbroucke-Grauls CM, de Boer MG,
Pedersen = AB: Choice of therapeutic

interventions and outcomes for the treatment of
infections caused by multidrug-resistant gram-
negative pathogens: a systematic review.
Antimicrobial Resistance & Infection Control
2019, 8(1):1-13.

Tilahun M, Gedefie A, Ashagire M: Emerging
carbapenem-resistant Enterobacteriaceae
infection, its epidemiology and novel treatment
options: a review. Infection and Drug Resistance
2021, 14:4363.

Alebel M, Mekonnen F, Mulu W: Extended-
Spectrum B-Lactamase and Carbapenemase
Producing Gram-Negative Bacilli Infections
Among Patients in Intensive Care Units of
Felegehiwot Referral Hospital: A Prospective

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cross-Sectional Study. [Infection and Drug
Resistance 2021, 14:391.

Kamel NA, Elsayed KM, Awad MF, Aboshanab
KM, El Borhamy MI: Multimodal Interventions
to Prevent and Control Carbapenem-Resistant
Enterobacteriaceac and Extended-Spectrum [-
Lactamase Producer-Associated Infections at a
Tertiary Care Hospital in Egypt. Antibiotics
2021, 10(5):509.

Ghafourian S, Sadeghifard N, Soheili S, Sekawi
Z: Extended spectrum  beta-lactamases:
definition, classification and epidemiology.
Current Issues in Molecular Biology 2015,
17(1):11-22.

Gandhi M, Shetty R: Multidrug-resistant Gram-
negative Bacterial Infections in Critically IIL
Pediatr Infect Dis 2019, 1:62-67.

Bandy A, Almaeen AH: Pathogenic spectrum of
blood stream infections and resistance pattern in
Gram-negative bacteria from Aljouf region of
Saudi Arabia. PLOS one 2020, 15(6):¢0233704.
Kabrah AM, Kabrah SM, Bahwerth FS,
Alredaini NF: Antibiotic Resistance Profile of
Common Bacteria Isolated from Blood Stream,
Lower Respiratory Tract and Urinary Infections
in Intensive Care Unit in Saudi Arabia: A
Retrospective Study. FEthiopian Journal of
Health Sciences 2021, 31(6).

Ghoneim EM, Elsheikh IM: Characterization of
Non-Fermenter Gram-Negative Bacilli infection
in Intensive Care Unit of National Liver
Institute.  Egyptian  Journal of Medical
Microbiology 2022, 31(2):85-94.

Nainu F, Masyita A, Bahar MA, Raihan M,
Prova SR, Mitra S, Emran TB, Simal-Gandara J:
Pharmaceutical prospects of bee products:
special focus on anticancer, antibacterial,
antiviral, and antiparasitic properties. Antibiotics
2021, 10(7):822.

WHO: Antibiotic resistance. World Health
Organization  2020:https://www.who.int/news-
room/fact-sheets/detail/antibiotic-
resistance#:~:text=Key%?20facts,animals%20is
%?20accelerating%20the%20process.

Abayneh M, Worku T: Prevalence of multidrug-
resistant and extended-spectrum beta-lactamase
(ESBL)-producing gram-negative bacilli: a
meta-analysis report in Ethiopia. Drug Target
Insights 2020, 14:16.

Dereli N, Ozayar E, Degerli S, Sahin S, Kog F:
Three-year evaluation of nosocomial infection




1230 Ethiop J Health Sci. Vol. 32 No. 6 November 2022
rates of the ICU. Revista Brasileira de Journal of clinical microbiology 2002,
Anestesiologia 2013, 63:79-84. 40(11):4030-4036.

24. Deptuta A, Trejnowska E, Ozorowski T, 34. Hollander R, Ebke M, Barck H, Von Pritzbuer

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hryniewicz W: Risk factors for healthcare-
associated infection in light of two years of
experience with the ECDC point prevalence
survey of healthcare-associated infection and
antimicrobial use in Poland. Journal of Hospital
Infection 2015, 90(4):310-315.

Stocchetti N, Carbonara M, Citerio G, Ercole A,
Skrifvars MB, Smielewski P, Zoerle T, Menon
DK: Severe traumatic brain injury: targeted
management in the intensive care unit. The
Lancet Neurology 2017, 16(6):452-464.

Haque M, Sartelli M, McKimm J, Bakar MA:
Health care-associated infections—an overview.
Infection and drug resistance 2018, 11:2321.
Mosley A: Hospital acquired infections in a
medical intensive care unit. Journal of the
College of Physicians and Surgeons Pakistan
2010, 20(6):386-390.

Livermore DM: Bacterial resistance: origins,
epidemiology, and impact. Clinical infectious
diseases 2003, 36(Supplement 1):S11-S23.
Waterer GW, Wunderink RG: Increasing threat
of Gram-negative Dbacteria. Critical care
medicine 2001, 29(4):N75-N81.

Bradford PA: Extended-spectrum B-lactamases
in the 21st century: characterization,
epidemiology, and detection of this important
resistance threat. Clinical microbiology reviews
2001, 14(4):933-951.

Moland ES, Black JA, Ourada J, Reisbig MD,
Hanson ND, Thomson KS: Occurrence of newer
B-lactamases in Klebsiella pneumoniae isolates
from 24 US hospitals. Antimicrobial agents and
chemotherapy 2002, 46(12):3837-3842.

De Champs C, Sauvant M, Chanal C, Sirot D,
Gazuy N, Malhuret R, Baguet J, Sirot J:
Prospective survey of colonization and infection
caused by expanded-spectrum-beta-lactamase-
producing members of  the family
Enterobacteriaceac in an intensive care unit.
Journal of clinical microbiology 1989,
27(12):2887-2890.

Bou G, Cartelle M, Tomas M, Canle D, Molina
F, Moure R, Eiros JM, Guerrero A:
Identification and broad dissemination of the
CTX-M-14 B-lactamase in different Escherichia
coli strains in the northwest area of Spain.

35.

36.

37.

38.

39.

40.

E: Asymptomatic carriage of Klebsiella
pneumoniae  producingextended-spectrum  b-
lactamase by patientsin a neurological early
rehabilitation unit: Management of an outbreak.
Journal of hospital infection 2001, 48(3):207-
213.

Wade DM, Hankins M, Smyth DA, Rhone EE,
Mythen MG, Howell DC, Weinman JA:
Detecting acute distress and risk of future
psychological morbidity in critically ill patients:
validation of the intensive care psychological
assessment tool. Critical Care 2014, 18(5):1-9.
Gupta R, Malik A, Rizvi M, Ahmed M:
Presence of metallo-beta-lactamases (MBL),
extended-spectrum beta-lactamase (ESBL) &
AmpC positive non-fermenting Gram-negative
bacilli among Intensive Care Unit patients with
special reference to molecular detection of
blaCTX-M & blaAmpC genes. The Indian
Journal of Medical Research 2016, 144(2):271.
Muktan B, Thapa Shrestha U, Dhungel B,
Mishra BC, Shrestha N, Adhikari N, Banjara
MR, Adhikari B, Rijal KR, Ghimire P: Plasmid
mediated colistin resistant mecr-1 and co-
existence of OXA-48 among Escherichia coli
from clinical and poultry isolates: first report
from Nepal. Gut Pathogens 2020, 12(1):1-9.
Singh N, Pattnaik D, Neogi DK, Jena J, Mallick
B: Prevalence of ESBL in Escherichia coli
isolates among ICU patients in a tertiary care
hospital. Journal of clinical and diagnostic
research: JCDR 2016, 10(9):DC19.

Uc-Cachon AH, Gracida-Osorno C, Luna-Chi
IG, Jiménez-Guillermo JG, Molina-Salinas GM:
High prevalence of antimicrobial resistance
among gram-negative isolated bacilli in
intensive care units at a tertiary-care hospital in
Yucatan Mexico. Medicina 2019, 55(9):588.
Beyene D, Bitew A, Fantew S, Mihret A, Evans
M: Multidrug-resistant profile and prevalence of
extended spectrum B-lactamase and
carbapenemase production in fermentative
Gram-negative bacilli recovered from patients
and specimens referred to National Reference
Laboratory, Addis Ababa, Ethiopia. PloS one
2019, 14(9):¢0222911.




