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Antimicrobial resistance (AMR) is a worldwide health concern that continues to escalate. A PubMed lit-
erature search identified articles from January 2015-August 2020 reviewing cephalosporin-, carbapenem-
and colistin-resistant Gram-negative bacteria (GNB) in Lebanon, Jordan and Iraq, specifically focused on
three main pathogens, namely Acinetobacter spp., Enterobacteriaceae (i.e. Escherichia coli and Klebsiella
spp.) and Pseudomonas aeruginosa. Sixty-seven relevant articles published within the past 5 years high-
lighting trends in AMR in Lebanon, Jordan and Iraq were included. Increased resistance to carbapen-
ems in Acinetobacter spp. isolates was observed in Lebanon, Jordan and Iraq; colistin resistance remained
relatively low. Studies on Enterobacteriaceae isolates were more varied, with high rates of carbapenem
and cephalosporin resistance and lower levels of colistin resistance in Lebanon. Studies from Iraq found
high cephalosporin and colistin resistance along with increased susceptibility to carbapenems. In Jordan,
most studies recorded high resistance to cephalosporins along with high susceptibility to carbapenems
and colistin. Studies on P. aeruginosa isolates were limited: most isolates in Lebanon were carbapenem-
resistant and colistin-susceptible; studies in Iraq showed varying levels of resistance to carbapenems and
cephalosporins with high susceptibility to colistin; and studies in Jordan found varying levels of suscepti-
bility to carbapenems, cephalosporins and colistin. The most commonly observed resistance mechanisms
in GNB were genetic modifications causing increased expression of antimicrobial-inactivating enzymes
and decreased permeability. Overall, this review highlights the concerning rise in AMR and the need for
improved understanding of the resistance mechanisms to better inform healthcare providers when rec-
ommending treatment for patients in this region.
© 2021 Pfizer Inc. and The Author(s). Published by Elsevier Ltd. on behalf of International Society for
Chemotherapy of Infection and Cancer
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Globally, AMR is estimated to cause approximately 700 000 deaths
annually, with a projected estimate of 10 million deaths in 2050,

Antimicrobial resistance (AMR) represents a global public-
health threat [1]. Over time, pathogens resistant to clinically rel-
evant antimicrobial agents have steadily emerged and evolved to
cause life-threatening infections among critically-ill patients [2-5].
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and is of particular concern for developing countries where lim-
ited surveillance and rampant misuse of antimicrobial agents facil-
itate AMR [6-8]. The World Health Organization (WHO) launched
the Global Antimicrobial Resistance Surveillance System (GLASS) in
2015 to standardise AMR surveillance and to evaluate the effect
of interventions on AMR in bacterial pathogens [9]. As of Febru-
ary 2020, 98 countries were enrolled in GLASS, including Lebanon,
Jordan and Iraq [10].
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Among antimicrobial-resistant pathogens, Gram-negative bacte-
ria (GNB) such as Acinetobacter spp., Enterobacteriaceae (i.e. Es-
cherichia coli, Klebsiella spp. and others) and Pseudomonas aerug-
inosa pose a particular problem and are considered priority
pathogens according to the WHO [2,5,11,12]. GNB can acquire re-
sistance to different classes of antimicrobials and can, generally, be
classified as multidrug-resistant (MDR; resistant to >1 antimicro-
bial agent in >3 classes), extensively drug-resistant (XDR; resistant
to >1 antimicrobial agent in all but <2 antimicrobial categories)
and pandrug-resistant (PDR; resistant to all antimicrobials) [13].
However, this is a crude subdivision based on phenotypic features,
and the exact terminology used to describe GNB is often inconsis-
tent across studies [13].

Typical resistance mechanisms employed by GNB include ge-
netic modifications that increase the expression of antimicrobial-
inactivating enzymes or restrict antimicrobial access to the cell
(i.e. influx/efflux or permeability alterations) or the introduction
of specific AMR genes [3,12,14]. Enzymatic mechanisms of resis-
tance to B-lactams among GNB are largely related to the produc-
tion of B-lactamases, including extended-spectrum pS-lactamases
(ESBLs) that hydrolyse multiple antimicrobials including penicillins
and cephalosporins. Over 300 different ESBL enzymes harboured in
GNB have been identified, but the most common are in the TEM,
SHV and CTX-M families [3,12,15]. In addition, overexpression of
AmpC pB-lactamase can also lead to acquired resistance both to
carbapenems and third-generation cephalosporins [3,12]. Although
ESBL-producing GNB can be treated with carbapenems, some bac-
teria now produce S-lactamase carbapenemase enzymes to re-
sist this class of antimicrobial, rendering few therapeutic options
for treatment [3]. Among these enzymes, the most notable in-
clude KPC, NDM, OXA family, VIM and IMP [12]. For non-enzymatic
mechanisms, GNB have also devised means to affect outer mem-
brane permeability to antimicrobials, such as mutations in the
oprD porin gene that affects carbapenem permeability [3,12,14].

Characterising the epidemiology of these pathogens is a major
pillar of the system needed to combat the pervasive threat of MDR
bacteria [16]. Furthermore, a better understanding of the mecha-
nisms these pathogens use to evade destruction is critical when
treating patients with antimicrobial-resistant infections [16].

Data on clinically prevalent MDR-GNB are particularly limited
in low- and middle-income countries [6,7]. This review aimed to
evaluate the currently available evidence regarding cephalosporin-,
carbapenem- and colistin-resistant GNB infections in Lebanon, Jor-
dan and Iraq from hospital laboratory data focusing on pathogen
prevalence, focusing on three main pathogens, namely Acinetobac-
ter spp., Enterobacteriaceae (i.e. E. coli and Klebsiella spp.) and
P. aeruginosa, as well as the prevalence of phenotypic resistance,
genotypic profile and associated mechanisms of resistance.

2. Methods

A literature search of PubMed was performed using the search
terms ((Jordan OR Lebanon OR Iraq) AND (Hospital OR patient)
AND (Gram negative OR gram-negative OR Pseudomonas aerugi-
nosa OR Enterobacter* OR Acinetobacter baumannii OR Escherichia
coli OR Klebsiella pneumoniae) AND (resistance*) AND (multidrug
OR multi-drug OR cephalosporins OR ESBL OR AmpC OR car-
bapenem OR colistin OR beta lactam* OR betalactam* OR beta-
lactam*)). The literature search was limited to articles published
from 1 January 2015 to 19 August 2020; no language restrictions
were applied. Publications were reviewed to identify those arti-
cles reporting on AMR profiles and associated mechanisms under-
lying resistance of GNB among patients in Lebanon, Iraq and Jor-
dan. Articles were excluded if they did not report original research
at the phenotypic or molecular level (i.e. reviews, editorials, mod-
elling studies and opinions) or reported data on non-human spec-
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imens, specimens collected outside of the three abovementioned
countries, or on a single specimen/isolate.

3. Results

Of 153 unique articles retrieved from the PubMed database
search, 67 articles met the inclusion criteria, including 40 articles
describing studies in Lebanon (including 2 articles reporting stud-
ies both in Lebanon and Jordan), 15 articles describing studies in
Jordan and 12 articles describing studies conducted in Iraq (Fig. 1).

3.1. Studies in Lebanon

A total of 40 studies investigating AMR in GNB in Lebanon
were reviewed: 11 studies in Acinetobacter spp. (predominantly
identified as Acinetobacter baumannii) [17-27], 14 studies in En-
terobacteriaceae [28-41], 3 studies in P. aeruginosa [42-44], 6
syndrome- or treatment-based studies evaluating multiple GNB
[45-50] and 6 hospital surveys also investigating a range of GNB
[51-56] (Table 1). Two of the included studies were set across hos-
pitals located in Lebanon and Jordan [34,47].

3.1.1. Resistance of Acinetobacter baumannii

Of the studies evaluating Acinetobacter spp. isolates that re-
ported phenotypic antimicrobial testing results, all found a high
prevalence of carbapenem resistance [17-22,24-27]. The lowest
prevalence of carbapenem-resistant A. baumannii (CRAB) (55%) was
observed during the earliest time period reported (2007-2008);
however, when an extended time within the same hospital was
considered (2007-2014), the prevalence increased to 74% [22]. In
the other studies, carbapenem resistance ranged from 60% [26] to
100% [25,27], with the majority reporting resistance rates >88%
[18,19,21,24,27]. One of the included studies, which was set in
multiple medical institutes in Tripoli from 2011-2013, identified
a significantly higher rate of CRAB in isolates obtained from Syr-
ian refugee patients compared with Lebanese patients (74% vs.
47%; P < 0.01) [26]. Overall, colistin resistance rates in A. bauman-
nii remained low, with reported susceptibilities of 99-100% [18-
20,22,24,25,27].

Results from the eight studies that were carried out on the
genotypic characterisation of S-lactamase genes in CRAB [17,19-
21,23,24,26,27] revealed a high frequency of the blagya_»3.jike g€NE
and, when typing of isolates was also performed, the predomi-
nance of international clone II was apparent [17,19,20,24,26,27].
Furthermore, a study that analysed CRAB isolates from patients
treated in the intensive care unit (ICU) of a single hospital ob-
served that the prevalence of blagys.3 increased from 77% dur-
ing a 2007-2008 outbreak to 95% during an outbreak in 2013
[23]. The second most identified carbapenemase gene type was
blagxa-paja0-tike [17,19-21,23,24,27], albeit at a considerably lower
rate than blagga 3 in all but one study [24]. The single study
identified two distinct clones during an outbreak of CRAB in one
hospital: one clone was pMAL-1-linked and harboured the OXA-
24 variant blagys_7, and the other was Tn2006-linked and con-
tained blagya_»3; each clone accounted for 19 of the 41 isolates col-
lected [24]. A high prevalence of the carbapenemase gene blaggs_1
was observed in a study that analysed CRAB isolates collected
from patients in multiple hospitals located in the northern part of
the country [21]. Of the 142 isolates characterised, 139 (98%) har-
boured blagya.o3, most of which co-harboured blaggs 17 (128/139).
PCR fingerprinting analyses identified 18 different clones, with 1
clone predominating in several hospitals, suggesting that horizon-
tal spread by clonal diffusion of resistance genes had occurred [21].
Only two studies detected the metallo-f8-lactamase (MBL) gene
blanpm-1, both finding it at a low prevalence in CRAB isolates (4.4%
and 7.1%) [17,26].
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Table 1

Studies of antimicrobial resistance (AMR) rates and mechanisms in Gram-negative bacteria (GNB) from Lebanon

Article Study period Study population Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of resistance

Studies investigating Acinetobacter spp./Acinetobacter baumannii
Al Atrouni et al.,  Oct. 2013 to  Patients (all ages) treated at 7 119 non-replicate A. baumannii
2016 [17] Dec. 2015 hospitals in North Lebanon, Beirut isolates

and Mount Lebanon

Ballouz et al., 2017 Jun. 2010 to A. baumannii

[18] Mar. 2015

Patients (all ages) admitted to a
single hospital in Beirut who
developed A. baumannii
bacteraemia

Dahdouh et al,, Jun. 2013 to Clinical isolates from hospitalised Acinetobacter spp.:
2016 [19] Aug. 2014 patients (all ages) treated at a e A. baumannii, n = 90
university medical centre e A. haemolyticus, n = 3
e A. juniifjohnsonii, n = 1
e A. radioresistens/lwoffii, n = 1
Hajjar Soudeiha Jun. 2013 to Patients (age not stated) admitted Acinetobacter spp.:
et al., 2018 [20] Jun. 2014 to a single hospital e Of 100 clinical isolates of
Acinetobacter spp., 95 were A.
baumannii-calcoaceticus
(confirmed as A. baumannii)
Hammoudi et al., Jan. 2012 to Patients (age not stated) from 9  Imipenem-resistant A. baumannii:
2015 [21] Dec. 2012 hospitals in geographically distinct ® During the study period,

areas 638/723 (88%) A. baumannii

isolates were imipenem-resistant;

142 of these isolates were
analysed

91/119 isolates (76%) were resistant to
carbapenems

Of 90 A. baumannii

bacteraemia episodes:

® 82/90 (91%) were
carbapenem-resistant

e 79/90 (88%) were deemed XDR
Isolates were highly resistant to,
ceftazidime and cefepime (both >90%)
and most were susceptible to colistin
(100%)

A. baumannii isolates:

® 81/90 (90%) were resistant to
meropenem and imipenem

e 1 isolate was resistant to colistin

e Susceptibility to other tested
antimicrobials was <14% (i.e.
cefotaxime, ceftazidime, cefepime)
Of the 100 Acinetobacter

spp. isolates, resistance rates were:

e 95% to cefoxitin (all of the A.
baumannii isolates)

® 81-83% to cefotaxime and
ceftazidime

e 84% to meropenem and 78% to
imipenem

® 61% to cefepime

® 19% of isolates showed resistance to
colistin by disk diffusion, but only 1
isolate showed resistance by
microdilution

Phenotypically, ESBL production was
detected in 23% of the isolates, KPC in
15%, AmpC overproduction in 5% and
MBL in 4%

Of the 142 non-duplicate
imipenem-resistant isolates analysed:
e All showed high resistance to
B-lactams

e 68 had phenotypic evidence of ADC
hyperproduction

e 61 had phenotypic evidence of a
class A ESBL with carbapenemase

e MBL was not detected
phenotypically in any isolate

Carbapenemase genes were detected in all 91
carbapenem-resistant isolates:

e 76 isolates carried blagxa-23-like ONlY

e 3 isolates carried blagya-24.jike ONLY

e 4 isolates carried blaypy.; only

e 1 isolate carried blagya-143-like ONIY

® 6 isolates carried both blapxa-p3-jike and blagxa-24-tike

e 1 isolate carried both blagya »3.jike and blaoxa-ss_iike

® blayp and blayyy were not detected

MLST of all 119 isolates revealed 30 STs, with ST2 most common
(73/119)

PFGE of all ST2 isolates showed a major cluster of 52
carbapenem-resistant isolates (which all harboured blagxa-23-jike) and
1 carbapenem-susceptible isolate, indicating dissemination of IC II
NR

Of the 81 carbapenem-resistant A. baumannii isolates:

® blagya-23.jike: N = 74 (91%), with 2/74 additionally harbouring
blapxa-24-ike

® blagya-ss-like» blaoxa-as, blanpm and blagpc were not detected
Trilocus PCR typing determined that 80/90 A. baumannii isolates
pertained to IC II; this clone was associated with carbapenem
resistance and blagya-23.iike (P < 0.01)

PCR detection of resistance genes:

® blaspc in 93%

® blapxa-3-iike in 77%

® blagxa24j40-tike 1IN 3%

® Two isolates harboured both blaoxa_s3-iike and blagxa-24/40-like
blayim, blayvp, blanpwm, blaces, blaoxa-4g and blagxa-sg-jike and
plasmid-mediated blanmpc genes were not detected

Trilocus PCR typing showed that IC II predominated (82/95 isolates)

Majority of isolates (128/142; 90%) showed GES-type carbapenemase
(GES-11) concomitant with OXA-23 enzyme; the remaining isolates
had either OXA-23 alone, OXA-24 with GES-11, OXA-24 alone, or
GES-11 alone

All isolates had ISAbal regardless of carbapenem-hydrolysing
enzyme; mapping of ISAbal to blaxpc showed that it was adjacent
and upstream to blaapc in 97% of isolates; mapping of ISAbal in
blaopxa-23 isolates showed that it lay in an immediately adjacent
upstream position to blagxa-3 in all

Genetic fingerprinting analyses identified 18 different pulsotypes; the
variability in pulsotypes suggested horizontal transmission of
resistance genes, although a predominant pulsotype present in
several hospitals suggested that clonal diffusion had also taken place

(continued on next page)
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Table 1 (continued)

Study population

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of resistance

Article Study period

Kanafani et al., 2007-2008

2018 [22] (case-control
study)
2007-2014
(prospective
study)

Kanj et al.,, 2018  2007-2008;

[23] 2013

Makke et al., 2020 Apr. 2016 to
[24] Dec. 2016

Moghnieh et al.,

2016 [25] 2013
Nawfal Dagher Jan. 2016 to
et al., 2019 [27] Aug. 2016

Jul. 2012 to Jul.

Patients admitted to the ICU of a
single hospital (mean age 61.7
years in case patients and 60.4
years in control patients; mean
age 58.3 years in cohort study)

Case-control study:

e 73 cases with Acinetobacter
infections from 2007-2008 were
included (70/73 were A.
baumannii); 84% of infections
were hospital-acquired
Prospective study:

e 128 patients were diagnosed
with Acinetobacter infections
During an outbreak from
2012-2014, 130 (10%) of 1267
ICU-admitted patients became

colonised or infected with MDR A.

baumannii

Patients (age not stated) admitted A. baumannii:

to the ICU of a single hospital

Hospitalised patients (all ages) at
a single hospital

® 148 carbapenem-resistant
isolates:

93 from an outbreak between
2007-2008;

55 from an outbreak in 2013
(Note: This study is linked with

the Kanafani et al. 2018 [22] study

described above)

A. baumannii:

e 41 isolates collected from 23
patients during a
carbapenem-resistant A.
baumannii outbreak

Patients of all ages (predominantly A. baumannii, XDR isolates

aged >45 years) who acquired
XDR A. baumannii in a hospital
ICU

A. baumannii isolated from
sputum of patients (age not
stated) with VAP who were
receiving colistin-carbapenem
combination therapy

acquired by 40/257 (16%) ICU
patients

A. baumannii:
¢ 31 isolates

Case-control study:

e Majority of Acinetobacter-infected
patients (55%) had
carbapenem-resistant Acinetobacter;
26 of these isolates were tested
against colistin and found to be
susceptible

Prospective study:

e Of patients with A. baumannii
infections, 95 (74%) were
carbapenem-resistant

(Note: This study defined MDR A.
baumannii as an isolate resistant to all
tested antimicrobials except colistin
and tigecycline)

NR

Of the 41 A. baumannii isolates
characterised, 95% were classified as
XDR:

® 95% of isolates were resistant to
ceftazidime, imipenem and
meropenem

e 83% were resistant to cefepime

e All isolates were susceptible to
colistin

All XDR A baumannii isolates were
resistant to all antimicrobials except
colistin

Previous use of carbapenems or
piperacillin/tazobactam was 1 of 4
identified independent risk factors for
XDR A. baumannii acquisition

(OR = 4.20, 95% CI 1.65-11.81;

P = 0.002)

(Other independent risk factors
identified included urinary catheter
placement for >6 days, gastrostomy
tube and ICU contact pressure for >4
days)

A high rate of MDR was detected
across the 31 A. baumannii isolates,
including high-level resistance to
imipenem in all

No isolates were resistant to colistin

NR

In carbapenem-resistant A. baumannii clinical isolates:

2007-2008 outbreak:

® 72/93 (77%) of isolates had blagya-»3-jike

® 11/68 (16%) had blagxa-p4/40

e 19/68 (28%) had blagxa.ss

® 15/68 (22%) had blapxa-143-ike

2013 outbreak:

® 52/55 (95%) had blagya-23-like

® 2/55 (4%) had blagxa-143-like

No isolate was positive for blagxa 24140 0T blaoxa-ss

Using RAPD, 31 clusters were identified with a distinct genomic
separation between 2007-2008 isolates and 2013 isolates

Genetic analysis identified 2 distinct clones, a pMAL-1-linked clone
(n = 19 isolates) and a Tn2006-linked clone (n = 19 isolates) that
circulated in different hospital wards during an outbreak.

e The pMAL-1-linked clone included ST502 and ST2059 isolates
harbouring the blapxa.7» gene

e The Tn2006-linked clone included ST1305, ST195 and ST218
isolates containing the blapxa23 gene

e The presence of ISAbal helped facilitate the spread of the Tn2006
transposon across the 3 STs

NR

29/31 isolates belonged to ST2 and contained the
carbapenemase-encoding blaogxa.p3 gene and the S-lactamase gene
blargm-1

blargy (blargm.1) was identified in all 31 isolates; blagxa-p3-like Was
identified in 30 (all encoding OXA-23) and blagya-24.jike in 1
(encoding the OXA-72 variant)

blaNDM,l, blao)(A_53, blav[M, bl(]s}.[\/, bIaCTX,M or mcr-1, -2, -3, -4 and -5
genes were not identified

MLST analysis identified 94% of isolates as belonging to ST2 (IC II
lineage)

(continued on next page)
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Table 1 (continued)

Article Study period  Study population Pathogens reviewed Observations related to AMR Observations related to mechanisms of resistance
Rafei et al,, 2015 2011-2013 Patients (all ages) treated at one A. baumannii: Of 116 A. baumannii isolates, most The predominant carbapenem resistance mechanism was presence of
[26] of several hospitals in the Tripoli ® 116 non-duplicate isolates were MDR phenotypically and 70 the blapxa3 gene with upstream ISAbal (65/70 resistant isolates)
region (59 Syrian refugees and 57 were carbapenem-resistant 5/70 isolates with blanpy.; were detected
Lebanese) Carbapenem-resistant isolates were ISAbal was detected in 101 isolates (including all isolates with
significantly more prevalent among blaoxa-23); the ISAbal/blaoxa-s1 association was not detected
Syrian refugees than Lebanese blaoxa-24, blaoxa-sg, blaoxa-143, blayp, blayyy and blagpc were not
patients (74% vs. 47%; P < 0.01) detected in any isolate

MLST performed on 57 isolates identified 17 STs, with ST2
(belonging to CC2 and all harbouring ISAba1/blagxa.3) predominant
(21/57 isolates by MLST and 73/116 isolates predicted based on
blapxa-s1 variant)

Studies investigating Enterobacteriaceae

Studies investigating Escherichia coli and/or Klebsiella spp.

Christophy et al., Feb. 2014 to  Stool samples from 41 patients 10/41 patients were carrying E. coli isolates showed varying levels  Of the 9 carbapenemase genes screened for, 2 were detected (in E.
2017 [28] Jul. 2014 (age not stated) with cancer carbapenem resistant GNB: of resistance to most of the coli and Enterobacter aerogenes): blayyy, 1/10 isolates; blagxa-as, 2/10
treated at a single hospital in e E. coli (n = 5 isolates) antimicrobials tested, but not colistin; Of the 6 ESBL genes screened for, 3 were detected (all in E. coli
Tripoli all were resistant to ertapenem but isolates):
susceptible or intermediate to blacrx-m, 3/10 isolates; blatgy, 1/10; blaoxa, 1/10
imipenem and meropenem
Dagher et al., 2018 2012-2016 27 carbapenem-resistant E. coli E. coli, carbapenem-resistant All isolates were classified as MDR Genes detected by WGS included:
[29] collected from inpatients (age not Prevalence of resistance: e (-lactamases:
stated) at a tertiary hospital in e All isolates were resistant to ® blaoxa-as (48%)
Beirut ertapenem, 37% to imipenem and 22% ® blaoxa.1s1 (7%)
to meropenem ® blacrx.m-1s (56%)

® blacrx-m-24 (19%)

® blapxa1 (52%)

® blargy 1, (48%)

® blaoxa-10 (4%)

® blargy.33 (4%)

pAmpC cephalosporinases:

® blacmy-» (4%)

® blacmy-42 (41%)

Of the 12 isolates that were carbapenem-resistant phenotypically but
lacked carbapenemase-encoding genes, 9 (75%) showed multiple
deletion events and truncations in ompC and ompF porin-encoding
genes

PFGE showed high genetic diversity, with the 27 isolates grouped
into 21 different pulsotypes; possible clonal dissemination of STs was

apparent
Daoud et al., 2015 Jan. 2005 to All adult inpatients and E. coli: Regarding E. coli isolates from UTIs:  Of 88 phenotypically ESBL-producing urinary E. coli isolated in 2012:
[30] Jan. 2013 outpatients with positive urine e Of 6284 GNB isolates from UTIs e Over successive years, ESBL e 100% had blacrx.m
cultures for GNB at a single documented over an 8-year production increased (from 12% in e 68% had blatgy
hospital period, 60-74% each year were E. 2005 to 25% in 2012) and ® 31% had blaspy
coli susceptibility to third- and ® 30% had blagxa

fourth-generation cephalosporins e 16% harboured 4 different ESBL genes
(86-90% in 2005 and 68-80% in 2012) e 13% harboured 3 different ESBL genes

and aztreonam (85% in 2005 and 68% e 56% harboured 2 different ESBL genes

in 2012) constantly decreased e 15% harboured only 1 ESBL gene (blacrx.m)

e Throughout the 8-year study period, Of 5 carbapenem-resistant E. coli isolates (2 urinary and 3 other):

susceptibility was highest to e 2/5 were blactx.m, blargm, blaoxa-as
imipenem (99-100%) and fosfomycin e 1 was blacx.m, blargm, blanpm-1
(99-100%) e 1 was blacrx.m, blaspy, blaoxa-as

® [CU E. coli urinary isolates were e 1 was blagya.4g only

associated with the lowest rates of blayp, blayp, blasy, blaspy and blagpe were not detected
susceptibility to most of the
antimicrobials tested

(continued on next page)
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Table 1 (continued)

Article Study period

Study population

Pathogens reviewed Observations related to AMR

Observations related to mechanisms of resistance

Daoud et al., 2017 May 2011 to

[31] Dec. 2012
Ghaddar et al., Mar. 2016 to
2020 [32] Mar. 2017
Hajj et al.,, 2018 2011-2015
[34] (Lebanon and

Jordan)

Halimeh et al., Jul. 2010 to
2020 [33] Sep. 2016

Inpatients (age not stated) at 3
major hospitals

Pregnant women (35-37 weeks of
gestation) swabbed during routine

antenatal visits to clinics in the
Beirut area (n = 308; 1 vaginal
swab per patient)

Patients (age not stated) with IAls
and UTIs from 3 hospitals and 1
laboratory

Clinical stool samples from North
Lebanon

300 ESBL-producing E. coli isolates All 391 isolates were confirmed

91 ESBL-producing Klebsiella spp. ESBL-producers

isolates E. coli and Klebsiella spp. isolates
exhibited stable susceptibility to
third- and fourth-generation
cephalosporins and cefoxitin over
time

Use of ceftazidime and cefoxitin was
positively correlated with S-lactam
resistance in E. coli

Use of ceftazidime and cefuroxime
was correlated with antimicrobial
resistance in Klebsiella spp.

Of the ESBL-producing isolates:

® 25% were MDR

e All were resistant to ceftazidime
and cefotaxime

e Most were susceptible to
carbapenems (93%); susceptibilities to
other antimicrobials included 36% to
cefepime

ESBL-producing GNB were
obtained from 59/308 swabs:

e E. coli, n = 43; 73%

e Klebsiella pneumoniae, n = 15;
25%

1486 Enterobacteriaceae
pathogens isolated: 651 from IAls
and 835 from UTIs

Predominant pathogens:
(UTI%[1AL%)

e E. coli: 77%/60%

e K. pneumoniae: 14%[17%

There was general stability in AMR
rates among Enterobacteriaceae
during the 5-year study period

In E. coli isolates:

e ESBL prevalence, UTI/IAL:

e Lebanon: 39%/33%

e Jordan: 53%/58%

e ESBL rates for E. coli in UTIs and
[Als were significantly higher in
Jordan compared with Lebanon (P <
0.0001 and P = 0.0003, respectively)
e In general, E. coli isolates had high
susceptibility to carbapenems, with no
significant differences between ESBL
and non-ESBL groups

In K. pneumoniae isolates:

e ESBL prevalence, UTI/IAL:

e Lebanon: 38%/64%

e Jordan: 59%/54%

e ESBL rates for K. pneumoniae in UTIs
were significantly higher in Jordan
compared with Lebanon (P = 0.0397)
e ESBL K. pneumoniae from UTIs in
Jordan had significantly lower
susceptibility to carbapenems
compared with non-ESBL (100% vs.
93%; P < 0.02); Compared with
Lebanon, ESBL K. pneumoniae from
UTIs in Jordan had lower susceptibility
rates for several antimicrobials
21-30% of isolates were resistant to
second- and third-generation
cephalosporins and 19% to aztreonam
No isolates were resistant to
carbapenems or colistin

19/43 isolates were phenotypic
ESBL-producers, 16 of which were
MDR

43 E. coli isolates

Across the 3 hospitals:

® blacrx.m-15 was the predominant ESBL gene, being detected in 100%
of E. coli and 86-100% of Klebsiella spp. isolates

® blargy was detected in 58-100% of E. coli and 85-90% of Klebsiella
spp.

® blagyy.s, was detected in 29-41% of E. coli and 75-100% of
Klebsiella spp.

blaoxa was detected in 20-47% of E. coli and 23-53% of Klebsiella spp.
® 14-31% of E. coli and 18-43% of Klebsiella spp. possessed all 4 of
the screened ESBL genes

PCR was performed on all 43 E. coli isolates:

® blacrx.y was the most common S-lactamase gene (91%), followed
by blatgy (88%) and blasyy (44.2%)

38 (88%) isolates carried >1 B-lactamase gene:

e Coexistence of blactx.y and blargy was detected in 19 isolates
(44%), blactx.v and blasyy in 3 (7%), and blacrx.m, blasyy and blatgy in
16 (37%)

PFGE analysis of 34 E. coli isolates showed 22 distinct clusters with
>85% similarity, with cluster 4 prominent in 8 (24%) isolates
Molecular characterisation of 307 ESBL-producing isolates:

Many isolates produced multiple B-lactamases (i.e. 2 to 4
B-lactamases)

3 major groups of broad-spectrum B-lactamases were detected:
ESBLs (blacrx.m-15 most prevalent; several other CTX-M-, SHV- and
TEM-types also detected)

Class C cephalosporinases (AmpC)

Carbapenemases (blaoxa.4g most prevalent; blaoxa.1g1 and blaoxa-244
also detected)

In addition to the 18 strains with OXA-type carbapenemases, 8
NDM-type strains were detected (all in Jordan)

The overall prevalence of carbapenemases in the study was 2%
Overall, in Jordan compared with Lebanon, there was a higher rate of
strains with resistance (P = 0.0005) and a higher rate of CTX-M-type
strains (P = 0.0005); no significant differences in prevalence of SHV-,
TEM- or OXA-type strains between countries were observed

13/19 phenotypic ESBL-producing isolates were ESBL-positive by PCR:
® blacrx-m-1 group detected in 10 isolates

® blargy group detected in 8 isolates (all blargm.1)

® blasyy and blacrx.m.o not detected

(continued on next page)
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Table 1 (continued)

Article

Study period

Study population Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of resistance

Hanna-Wakim
et al,, 2015 [35]

Kanafani et al.,
2017 [37]

Moghnieh et al.,
2015 [38]

Nawfal Dagher
et al., 2020 [39]

Jan. 2001 to
Dec. 2011

Jul. 2011 to
Feb. 2014

Oct. 2009 to
Jan. 2012

Oct. 2016 to
Feb. 2017

Children and adolescents (age <18 Of 675 UTI cases included in the
years) hospitalised with UTIs in 2 analysis, the most prevalent
major hospitals uropathogens included:

e E. coli (79%)

o Klebsiella spp. (8%)

e Pseudomonas aeruginosa (2%)

Adult inpatients (n = 100) in a ESBL-producing E. coli, (87%)
single hospital diagnosed with an ESBL-producing Klebsiella spp.
infection (urinary, respiratory, (13%)

blood or skin/soft tissue) due to

ESBL-producing E. coli or Klebsiella

spp.

Adult cancer chemotherapy
patients with fever, neutropenia
and positive blood culture
admitted to a single hospital (75
bacteraemia episodes in 70
patients)

GNB from bacteraemia (57% of 75
episodes), most frequently:

e E. coli, 17 isolates: 23% of total;
40% of GNB

e K. pneumoniae, 10 isolates: 13%
of total; 23% of GNB

Enterobacteriaceae,
colistin-resistant:

e A total of 12 isolates from 11
patients, including E. coli (n = 5)
and K. pneumoniae (n = 1)

Patients (age not stated);
hospitalised in an ICU who had
received colistin-carbapenem for
>1 week (1 rectal swab collected
per patient, n = 23)

Of 584 cases caused by E. coli or
Klebsiella spp., 91 were
ESBL-producing (16%) and 493 were
non-ESBL-producing (84%):

o Klebsiella spp. were more common
in the ESBL group compared with the
non-ESBL group (18% vs. 8%; P = 0.02)
e Longer hospital stay was associated
with ESBL organisms (P < 0.001)

e Over the 10-year period, ESBL
paediatric UTIs increased from 8%
(2001) to 25% (2011); there was a
strong linear correlation, with a 2.1%
yearly increase

e There was also a linear trend of
increasing resistance to
cephalosporins over the study period,
with a 1.2% annual increase

Isolates showed high susceptibility to
carbapenems (99%) and low
susceptibility to cefepime (<30%)

Of all bacteraemia episodes:

® 29% caused by third-generation
cephalosporin-resistant GNB
(including 8 E. coli and 5 K.
pneumoniae isolates)

e 9% caused by carbapenem-resistant
GNB

Of the 8 isolates included in the study:
e All were resistant to cefalotin and
colistin

e All were susceptible to ertapenem
and imipenem

® 6/8 isolates were resistant to the
third-generation cephalosporins
tested, including all E. coli and K.
pneumoniae

NR

22 patients had positive cultures at sites additional to the original
infection site (i.e. colonisation); isolates from these patients were
screened by PCR (n = 54 isolates in total):

® blacrx.m.15 was detected in 80% of isolates and blargy.; in 39%

e [n 11 patients the same bla genes were detected in isolates from
different sites

e In 10 patients there was minor variation in the bla genes detected
in isolates from different sites

e PFGE analysis showed that in 11 patients the isolates collected
from different sites were genetically identical, whereas in the other
patients the isolates from different sites were genetically variable
(43-97% similar); several of these patients were colonised with
multiple varying strains

NR

ESBL genes were identified in all 8 isolates:

® blargy in 6/8 (TEM-1 or TEM-163)

® blacrx.y in 4/8 (CTX-M-15, CTX-M-189, CTX-M-15 or CTX-M-103)
® blagyy.q in 1/6

(blatgm-163, blacrx-m-103, blacrxm-189 and blasyy.; had not been
reported in Lebanon previously)

Colistin resistance among the E. coli and K. pneumoniae isolates was
due to a variety of missense and deletion mutations, including
within pmrA/B, phoP/Q and mgrB genes

(continued on next page)
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Table 1 (continued)

Article

Study period

Study population

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of resistance

Nawfal Dagher
et al., 2019 [40]

Nov. 2017

Okdah et al., 2017 Sep. 2015 to

[41]

Oct. 2015

5 patients (age not stated)
admitted to a single hospital

Adult patients admitted to a
single hospital

Studies investigating other Enterobacteriaceae

Kanafani et al.,
2016 [36]

2011-2014

Patients (age not stated) with CRE
infections at a single hospital
(n = 40)

Studies investigating Pseudomonas aeruginosa
El Kary et al., 2016 Jan. 2013 to

[42]

Nawfal Dagher
et al., 2019 [43]

Yaghi et al., 2020
[44]

Jul. 2013

Oct. 2016 to
Feb. 2017

Mar. 2015 to
Oct. 2015

Inpatients diagnosed with P.
aeruginosa infection at a single
hospital (mean age, 61 years;
n = 135)

ICU patients (age not stated) in a
single hospital treated with
carbapenem for >1 week (rectal
swabs collected from 23 patients)

Patients (age not stated) with
hospital-acquired UTIs in a single
hospital

K. pneumoniae, MDR (n = 5
isolates from various clinical
specimens)

K. pneumoniae, colistin resistant
(n = 3; first reported
colistin-resistant isolates in
Lebanon)

Enterobacteriaceae,
carbapenem-resistant

P. aeruginosa
e RTIs, 40%; UTIs, 26%; cutaneous
infections, 22%; blood, 4%

P. aeruginosa,
carbapenem-resistant (n = 4
isolates)

P. aeruginosa, MDR (n = 40
isolates)

Of 32 antimicrobials tested:

e All 5 isolates showed high
resistance to the main antimicrobials
tested

e 5/5 were resistant to imipenem

e 2/5 were resistant to colistin

All 3 isolates were colistin-resistant
and resistant to >5 of the other 15
antimicrobials tested

Between 2011-2013 at the hospital,
CRE incidence increased

>70% of CRE isolates were susceptible
to colistin

Resistance rates were:

e Imipenem, 19%

e Both Imipenem and ciprofloxacin,
29%

Imipenem resistance significantly
more frequent in patients receiving
carbapenem or other antimicrobials or
hospitalisation within the previous 3
months

Combined resistance significantly
more frequent in patients receiving
carbapenem or hospitalisation in the
previous 3 months

The 4 P. aeruginosa isolates were
resistant to all antimicrobials tested
except colistin and fosfomycin

All 4 isolates were
carbapenemase-positive by phenotypic
test

40 isolates of MDR P. aeruginosa were
isolated from UTIs during the sample
collection time period; 12 of the MDR
strains, susceptible only to colistin,
were selected for genetic and protein
analyses

Carbapenemase genes:

e All 5 isolates harboured blagxa4g and blanpy.s genes

® blaoxa-23, blaoxa24, blaoxass and blagpc genes were not detected in
any isolate

Colistin resistance genes:

e None of the strains contained the plasmid-mediated mcr genes

e Sequence analysis of the 2 colistin-resistant isolates showed that
the colistin-resistant phenotypes observed were due to mutation of
mgrB, pmrB and phoQ genes

MLST analysis:

* All isolates were ST383

ESBL genes:

e 2 isolates harboured blacrx.m-15, blargm.12 and blasyy.s

e 1 isolate harboured blasyy.s only

Colistin resistance:

e Facilitated by mutations in the mgrB, phoQ and/or pmrB genes; a
novel missense mutation in pmrA was also detected in 1 isolate

e The 3 isolates were of 3 different STs (ST268, ST34 and ST2269),
indicating that they were not related

NR

NR

3/4 isolates harboured the MBL gene blayy.»

All isolates had mutations in the oprD gene

3 isolates were ST357 (i.e. the 3 isolates with blayp.,) and 1 isolate
was ST233

Of the 12 selected P. aeruginosa strains susceptible only to colistin:

e 75% were positive for blaggs¢

e 50% and 17% were positive for blayy., and blayp.15, respectively

e Proteomic analyses detected several proteins involved in the MDR
phenotype, including co-existence of class C 8-lactamases AmpC and
PDC-13, motility protein flagellin and several putative virulence
proteins

e Regarding further non-enzymatic mechanisms of resistance,
downregulation or mutation of the oprD2 gene (encoding a
carbapenemase-selective porin) was also implicated

(continued on next page)
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Table 1 (continued)

Article Study period

Study population

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of resistance

Syndrome- or treatment-based studies investigating several GNB species
Awad et al., 2018 Jul. 2015 to Jul. 43 patients (age not stated) with

[45] 2016

Bourgi et al,, 2020 Jan. 2014 to
[46] Dec. 2018

Hayajneh et al., 2011-2013
2015 [47]
(Lebanon and

Jordan)

61 VAP episodes in the ICU of a
single hospital

475 patients (all ages) admitted to

a hospital burn care centre

GNB isolates from UTIs and IAls
were collected from laboratories
at participating hospitals (2 in
Jordan, 2 in Lebanon); patient age
not stated

72/75 isolates were GNB,
including:

e A. baumannii, 37%; n = 28

e P aeruginosa, 31%, n = 23

e Enterobacteriaceae, 15%; n = 11

Of 261 patients with infections
(wound 58%, blood 30%, sputum
8%, urine 7%, catheter 2%), GNB
were isolated in 134,
predominantly:

e P geruginosa (n = 59)

e A. baumannii (n = 41)

e E coli (n =19)

e K. pneumoniae (n = 18)

Of 1050 GNB isolates, 523 were
from UTIs and 527 from IAls:
UTls:

e E. coli, 70%

e K. pneumoniae, 14%

e P ageruginosa, 3%

e A. baumannii, 2%

e Others, 5%

1Als:

e E. coli, 46%

e K. pneumoniae, 14%

e P aeruginosa, 12%

e A. baumannii, 5%

e Others, 9%

A. baumannii isolates:

e 93% XDR, 4% MDR, 4% PDR
(XDR A. baumannii:

carbapenem-resistant and susceptible
only to polymyxins + glycylcyclines)
P. aeruginosa isolates:

® 13% XDR
(XDR P. aeruginosa: resistant to all

tested available antimicrobials except

polymyxins)

® 57% susceptible to carbapenems
e 74% susceptible to ceftazidime
Enterobacteriaceae isolates:

® 82% susceptible to cefepime

e 73% susceptible to third-generation

cephalosporins

® 100% susceptible to carbapenems

P. aeruginosa:

e 45-60% resistant to all carbapenems

and cephalosporins tested; lowest
resistance against colistin (5%)

A. baumannii:

e >88% resistant to 11/16

antimicrobials tested, including all

carbapenems and cephalosporins;

lowest resistance to aztreonam and

colistin (all 0%)

E. coli:

e No resistance to colistin; low
resistance to carbapenems (0-7%);

moderate resistance to cephalosporins

(39-43%)
K. pneumoniae:
® No resistance to colistin; low

resistance to carbapenems (0-14%);
moderate resistance to cephalosporins

(39-53%)
ESBL prevalence was 43% and 54%

among UTI E. coli and K. pneumoniae
isolates, respectively; corresponding
rates for IAI isolates were 49% and

56%, respectively
ESBL-producing E. coli isolates
remained stably susceptible to

carbapenems during the study period,

whereas ESBL-producing K.
pneumoniae showed decreased

susceptibility over time (100% in 2011

to 88% in 2013)
Compared with non-ESBL isolates,
ESBL-producing E. coli and K.

pneumoniae were less susceptible to

most of the tested antimicrobials

A. baumannii showed low

susceptibility rates to the

antimicrobials tested (4-27%), being
most susceptible to imipenem (27% of
isolates from UTIs and 8% of isolates

from IAls)

NR

NR

(continued on next page)
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Table 1 (continued)

Article Study period

Study population Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of resistance

Ismail et al., 2016 Jan. 2007 to
[48] Dec. 2011

Jouhar et al., 2020 Jan. 2008 to
[49] Jun. 2017

Moghnieh et al.,
2017 [50]

Jan. 2012 to
Dec. 2013

Patients (aged <21 years)
admitted to the paediatric ICU at
a single hospital who developed
DA-HAIs

In 22 patients who developed 59
DA-HAIs:

o Klebsiella spp., 17%

e Pseudomonas spp., 12%

e E. coli, 10%

e Enterobacter spp., 7%

e Acinetobacter spp.,
Stenotrophomonas maltophilia,
Serratia marcescens, 7%

314 isolates were obtained from
179 patients who underwent deep
tissue culture

174 isolates (55%) were GNB:

e Enterobacteriaceae, n = 132 (E.
coli, n = 47)

e P geruginosa, n = 34

® Acinetobacter, n = 8

153 adult (predominantly >65 GNB were 304/374 isolates (81%)
years) patients at a single hospital A. baumannii, 105/374 (28%)
who received tigecycline for >72 h E. coli, 60/374 (16%)

Klebsiella spp., 48/374 (13%)

P. aeruginosa, 45/374 (12%)

Patients (mean age 66.9 + 12.2
years; n = 356) admitted to a
single hospital with DFU

P. aeruginosa showed susceptibility
rates of 29-89%, with 53% of isolates
from UTIs and 75% of isolates from
IAls being susceptible to imipenem

80% of K. pneumoniae isolates and 67%
of E. coli isolates were ESBL-producers
All Klebsiella spp. isolates were
susceptible to imipenem and cefoxitin
29% of Pseudomonas spp. were MDR
and 43% were resistant to imipenem
Of 6 P. aeruginosa isolates, 2 were
MDR (i.e. resistant to B-lactams,
carbapenems, aminoglycosides and
fluoroquinolones)

The single A. baumannii isolate was
MDR

Enterobacteriaceae:

e 25% ESBL-producers

e 2% resistant to carbapenems

P. aeruginosa:

e 3% resistant to carbapenems, 8% to
cephalosporins

Acinetobacter:

® 37% MDR

A. baumannii:

e 85% (87/102) were resistant to
carbapenems

E. coli:

e 77% (46/60) were resistant to
third-generation cephalosporins; no
carbapenem resistance was detected
Klebsiella spp.:

o Approximately 39% (18/48) of
isolates were resistant to
third-generation cephalosporins; no
carbapenem resistance was detected
P. aeruginosa:

® 44% (20/45) were carbapenem
resistant

In 204 ESBL-producing Enterobacteriaceae isolates:

e Mostly E. coli (n = 145) and K. pneumoniae (n = 49)
ESBL genes:

® blacrxm-1s, N = 178

e blacrx-m-14- 1 =5

® blacrxma7, =4

® blacrxms, n = 2

® blacrx-m-1, blacrx-m-ss, blacrx-m-g, blacrxm-24, all n = 1
® blagyy.12, n = 11

® blasyyzs, N = 6

® blasyys, n =1

® blarem-169, blarem-33, blatgm-sz, all n = 1

® blaygg4, n =1

e Many isolates harboured >1 ESBL gene
Carbapenemasegenes:

e Of the 17 isolates that were non-susceptible to carbapenems, 10
had blagxa-as, 7 had blaxpm-1 and 1 had blagpc.

AmpC genes:

e AmpC genes were detected in 15 isolates

NR

NR

NR
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Table 1 (continued)

Article

Study period

Study population

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of resistance

Chamieh et al.,
2020 [51]

Chamoun et al.,
2016 [52]

Hammoudi et al.,
2015 [53]

Jan. 2010 to
Jun. 2018

Jan. 2011 to
Dec. 2013

Jan. 2011 to
Jun. 2011;
Jan. 2012 to
Jun. 2012

Clinical microbiology isolates from
a tertiary care centre in Beirut

Bacterial isolates from 16 different
tertiary care centres, representing
41% of hospital beds in Lebanon;
patient age not stated

Carbapenem-non-susceptible GNB
isolates collected from patients
(all ages) at a single hospital

2150 carbapenem-resistant GNB
isolates including:

e A. baumannii (42%)

e P aeruginosa (23%)

e E. coli (5.7%)

e K. pneumoniae (5%)

55 594 GNB isolates:

e E. coli (55%)

e P. aeruginosa (14%)

e Klebsiella spp. (14%)

e Acinetobacter spp. (6%)
e Enterobacter spp. (4%)
e Others (7%)

In 2011:
® 197/821 GNB isolates were
carbapenem-non-susceptible

Of 48 isolates analysed:

e K. pneumoniae, n = 1

e A. baumannii, n = 4

e P ageruginosa, n = 40

® Pseudomonas spp., n = 3
In 2012:

® 267/930 GNB isolates were
carbapenem-non-susceptible
Of 100 isolates analysed:

e K. pneumoniae, n = 1

e A. baumannii, n = 8

e P ageruginosa, n = 75

e Pseudomonas spp., n = 12

Beginning in 2016, a trend of

increased imipenem resistance among

carbapenem-resistant organisms was
observed (P = 0.098)
Isolation density of

carbapenem-resistant E. coli increased

steadily from 2012, whereas
carbapenem-resistant K. pneumoniae
showed a 4-fold increase in 2018
following a clonal outbreak of ST383
K. pneumoniae (carbapenem- and
colistin-resistant) in late 2017
Correspondingly, the percentage of
CRE out of all carbapenem-resistant
organisms increased from 3% in
2010-2011 to 8% until 2017 before
rising sharply to 32% in 2018

Mean ESBL production:

e E. coli: 32%

e K. pneumoniae: 29%

Antimicrobial susceptibilities:

e E. coli: most susceptible to
imipenem (mean resistance, 0.7%);
susceptibility to most cephalosporins
showed a statistically significant
decreasing trend

e K. pneumoniae: most susceptible to
imipenem (98%)

e Acinetobacter spp.: decreased
imipenem susceptibility rate from
2011 to 2013 (49% to 15%); high

susceptibility to colistin (96% in 2013)

e Pseudomonas spp.: mean of 73%
susceptible to imipenem (decreasing
susceptibility from 80% in 2011 to
73% in 2013)

K. pneumoniae:

e Both isolates showed possible
carbapenemase production
phenotypically and 1 isolate was

resistant to tested cephalosporins and

imipenem
P. aeruginosa and Pseudomonas spp.:

e High resistance to all antimicrobials

tested

NR

NR

K. pneumoniae:

e 2 isolates were analysed:

® blapxa-4g and 1S1999 were detected in both isolates

e An AmpC gene was additionally detected in 1 isolate and blacrx.m-1
in the other

A. baumannii:

e 12 isolates were analysed:

® blagya23 detected in 11/12

® blagxp4 in 1/12

® blages.11 in 5/12 (all in conjunction with blagya-23)

P. aeruginosa:

e 21 isolates with high-level imipenem resistance were analysed:
e blay;y., detected in 17/21

® blaypq in 2/21

® blayp.; in 2/21

Pseudomonas spp.:

e 3 isolates with high-level imipenem resistance were analysed:
® blayy., detected in 3/3

(continued on next page)
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Table 1 (continued)

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of resistance

Article Study period  Study population
Hammoudi Halat  Jan. 2012 to Patients (age not stated) at 11
et al.,, 2017 [54] Dec. 2012 tertiary care centres

Matta et al., 2018 Study duration 258 adult patients admitted to 5

[55] 6 months different hospitals who had
(dates not community-acquired infections
reported) (n = 116) or who developed

hospital-acquired infections
(n =142)
Moghnieh et al,  2015-2016 Antimicrobial susceptibility data

2019 [56] from 13 hospital laboratories
(different patient populations; e.g.
paediatric, adult, critically ill,

pregnant, outpatients)

Among 12 045 isolates:

e Enterobacteriaceae, n = 9485

e A. baumannii, n = 712

e Pseudomonas (including P.
aeruginosa and Pseudomonas spp.),
n = 1848

171/221 isolates were GNB (77%),
including:

e E. coli

e P ageruginosa

e K. pneumoniae

e A. baumannii

(and other GNB species)

Of 85 144 clinical isolates
76% were GNB, including:
e E. coli

e Klebsiella spp.

® P. aeruginosa

e Acinetobacter spp.

Carbapenem non-susceptible rates:

e 88% of A. baumannii

® 41% of Pseudomonas

e 1.2% of Enterobacteriaceae

Of the A. baumannii isolates tested, all
were resistant to any antimicrobial
tested

Pseudomonas isolates were resistant to
all antimicrobials tested except
colistin

ESBL-producing E. coli occurred at
significantly higher frequency in
hospital-acquired infections compared
with community-acquired infections
(30% vs. 13%; P = 0.001), whereas no
significant difference in frequency of
ESBL-producing K. pneumoniae was
observed (1.7% vs. 0.7%)

MDR Pseudomonas was more
frequently observed among
hospital-acquired isolates compared
with community-acquired isolates
(14% vs. 3%; P = 0.001)
Enterobacteriaceae.:

e E. coli and Klebsiella spp. combined
were 59% susceptible to
third-generation cephalosporins and
97% susceptible to carbapenems; ESBL
production was observed in 34%

P. aeruginosa:

e Susceptibility to carbapenems
ranged from 55-95% across all
hospitals; 98% colistin-susceptible
Acinetobacter spp.:

® From 11 hospﬁals, 12% of isolates
were susceptible to carbapenems
(range, 3-74%)

Compared with 2011-2013
surveillance data [52], decreased
antimicrobial susceptibility was
observed for priority pathogens:

e Carbapenem-resistant Acinetobacter,
P. aeruginosa, Klebsiella spp. and E. coli
e Third-generation
cephalosporin-resistant Klebsiella spp.
and E. coli

Of the 398 isolates studied, 55% had genetically detectable
carbapenemase production:

Among Enterobacteriaceae (n = 44):

e 70% of isolates harboured the blagya.ss.iie gene on IncL/M-type
plasmids, with 90% of these isolates also carrying 1S1999

e Other resistance mechanisms included ESBL production (the
majority of isolates had an ESBL of CTX-M-1- or SHV-type in addition
to blagxa_ss.iike geNne) and acquisition of AmpC cephalosporinase, and
there was phenotypic evidence of efflux pump expression in some
isolates

Among A. baumannii (n = 142):

o Most isolates harboured blagxa.o3 (98%) and/or blaggsq; (92%)
genes (90% of isolates carried both)

e The blapxa.24 gene (1.4%) was also identified, for the first time in
Lebanese isolates

® [SAbal was detected in all isolates

Among Pseudomonas (n = 212):

® 21% of P. aeruginosa and 27% of Pseudomonas spp. had either blayp
or blayyy MBL genes (MBL production was detected phenotypically in
22% of P. aeruginosa and 27% of Pseudomonas spp.)

NR

NR

0 39 Z1zy "Y' ‘DSSNOW "y ‘YaruySon vy

CC, clonal complex; CI, confidence interval; CRE, carbapenem-resistant Enterobacteriaceae; DA-HAI, device-associated healthcare-associated infection; DFU, diabetic foot ulcer; ESBL, extended-spectrum pB-lactamase; IAl, intra-
abdominal infection; IC, international clone; ICU, intensive care unit; IS, insertion sequence; MBL, metallo-3-lactamase; MDR, multidrug-resistant; MLST, multilocus sequence typing; NR, not recorded; OR, odds ratio; pAmpC,
plasmid-mediated AmpC; PDR, pandrug-resistant; PFGE, pulsed-field gel electrophoresis; RAPD, random amplification of polymorphic DNA; RTI, respiratory tract infection; ST, sequence type; UTI, urinary tract infection; VAP,
ventilator-associated pneumonia; WGS, whole-genome sequencing; XDR, extensively drug-resistant.
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Initial screen

Number of publications
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retrieved
n=153
Excluded after initial
> abstract screening
n=73
v
Full-text articles assessed
for eligibility
n=84
Lebanon Jordan Iraq
Number of publications Number of publications Number of publications
retrieved retrieved retrieved
n=48 n=20 n=16
Excluded Excluded Excluded
1 - > - > -
n=8 n=5 n=4
v v v

Studies included
in review
n=40

in review
n=15

Studies included

Studies included
in review
n=12

Fig. 1. Flow chart of publications identified and included in the review.

3.1.2. Resistance of Enterobacteriaceae

Fourteen studies investigated AMR in Enterobacteriaceae iso-
lates [28-41]. The reported data indicated that the prevalence of
ESBL-producing isolates ranged from 11.6% [in E. coli isolated from
urinary tract infections (UTIs) sampled during 2005] [30] to 64%
[in Klebsiella pneumoniae isolated from intra-abdominal infections
(IAls) in Lebanon during 2011-2015] [34]. In the former study, the
prevalence of ESBL production in E. coli UTI isolates increased over
time, from 12% in 2005 to 25% in 2012 [30]. The latter study found
the prevalence of ESBL-producing isolates ranged from 33% in E.
coli isolated from IAls to 39% in E. coli isolated from UTIs. The
prevalence of K. pneumoniae in UTIs was 38% versus 64% in IAI
isolates [34]. A multicentre retrospective study observed that the
incidence of ESBL-producing E. coli and Klebsiella spp. in paediatric
UTlIs increased from 8% to 25% between 2001 and 2011; a strong
linear correlation was apparent, with a yearly increase of 2.1% [35].

Several studies performed molecular characterisation of ESBL-
producing Enterobacteriaceae [30-33,37]. The ESBL genes blacrx-m,
blatgy and blagyy were commonly identified, with blacryx. having
a considerably higher prevalence compared with blargy and blasyy,
and with blactx.m-15 identified as the most prevalent subtype [30-
34,37]. In several of these studies, the coexistence of at least two
ESBL genes in the majority of isolates was reported [30-32]. Three
studies also detected blagxa genes in ESBL-producing isolates: in
30% of ESBL-positive E. coli from UTIs [30]; in 5.9% of Enterobacte-
riaceae from UTIs and IAIs [34]; and in 20-47% of E. coli and 23-
53% of Klebsiella spp. isolates from inpatients across three hospitals
[31].

Carbapenem-resistant Enterobacteriaceae isolates were the fo-
cus of two studies [29,36]. Of 27 E. coli isolates that were
carbapenem-resistant phenotypically, 15 harboured blagxs car-
bapenemase genes (blagyxa-4g, 1 = 13; blagxa-1g1, N = 2); of the re-
maining 12 isolates that lacked carbapenemase genes, 9 showed

187

multiple deletions and truncations in the porin-encoding genes
ompC and ompF. Although all isolates were resistant to ertapenem,
resistance to gentamicin and imipenem was considerably lower
(30% and 37%, respectively); the lowest levels of resistance were
shown to meropenem (22%) and amikacin (3.7%) [29]. A retrospec-
tive case series set in a single hospital from 2011-2014 showed an
increasing incidence of carbapenem-resistant Enterobacteriaceae
infections, rising from a monthly mean of 0.5 cases in 2011 to 1.5
cases in 2014 [36]. Additionally, carbapenem-resistant E. coli was
isolated from stool samples of 5/41 (12%) cancer patients [28]. In a
study carried out both in Lebanon and Jordan, the presence of MBL
gene type blaypy was observed in 8/307 ESBL-positive isolates, all
originating from patients from Jordan [34].

A 2015 study that evaluated AMR in isolates from bacter-
aemia episodes in adult patients with cancer found that 10.7% and
6.7% of episodes were caused by third-generation cephalosporin-
resistant E. coli and K. pneumoniae, respectively [38]. Overall,
E. coli and K. pneumoniae accounted for 13 of the 22 third-
generation cephalosporin-resistant GNB isolates, among which the
carbapenem resistance rate was 29.3%.

Colistin-resistant Enterobacteriaceae, predominantly E. coli and
K. pneumoniae, were characterised in three studies [39-41]. In each
study, resistance to colistin was attributed to mutations in the
mgrB, pmrA/B and phoP/Q genes.

3.1.3. Resistance of Pseudomonas aeruginosa

Antimicrobial susceptibilities and mechanisms of resistance in
P. aeruginosa were investigated in three studies [42-44]. In patients
diagnosed with P. aeruginosa infections (predominantly of the res-
piratory and urinary tracts), 29% of isolates were resistant to both
imipenem and ciprofloxacin; identified risk factors for combined
resistance included receiving fluoroquinolone or carbapenem an-
timicrobials or being hospitalised within the prior 3 months [42].



R.A. Moghnieh, J.A. Moussa, M.A. Aziz et al.

Carbapenem-resistant P. aeruginosa isolates susceptible only to fos-
fomycin and/or colistin were characterised in two studies: the MBL
gene blay., was detected in 50-75% of isolates, one study found
the coexistence of AmpC, and both studies also identified isolates
with oprD gene mutations or downregulations that were due, in
part, to increased blayyy., (intact oprD encodes a carbapenemase-
selective porin) [43,44].

3.14. Resistance in multiple bacteria

Six studies investigated several GNB species isolated from pa-
tients with a specified disease syndrome or treatment, which in-
cluded ventilator-associated pneumonia (VAP) [45], burns [46],
UTIs and IAls [47], device-associated healthcare-associated infec-
tions [48], diabetic foot ulcers [49] and tigecycline treatment [50].
In one study, substantial levels of AMR were apparent among A.
baumannii [n = 28 (65%)] and P. aeruginosa [n = 23 (53%)] from
VAP, with 93% and 13% of isolates classified as XDR, respectively
[45]. GNB were isolated from approximately one-half of all infec-
tions in patients admitted to a burn care centre, most commonly
A. baumannii and P. aeruginosa [46]. The A. baumannii isolates gen-
erally showed high levels of resistance (>88%) to the tested an-
timicrobials but not colistin; resistance in P. aeruginosa isolates
was also considerable, with 45-60% resistance to all carbapenems
and cephalosporins tested. Enterobacteriaceae were prominent iso-
lates from deep-tissue samples of diabetic foot ulcers (42% of all
isolates), 25% of which were ESBL-producing and 2% carbapenem-
resistant [49]. Pseudomonas aeruginosa was also commonly isolated
(11% of all isolates) and showed a prevalence similar to Enterobac-
teriaceae for carbapenem resistance (3%). Escherichia coli predomi-
nated among GNB isolates from UTIs and IAls collected from hospi-
tals in Lebanon and Jordan [47]. ESBL was detected phenotypically
in 43-49% of E. coli, with genotypic studies detecting bldcrx-m-15
most frequently. In the 17 (1.6%) carbapenem-resistant Enterobac-
teriaceae isolates, blagxa.4g and blaypy.; were present in 10 and
7 isolates, respectively. Although A. baumannii and P. aeruginosa
isolates were less prevalent, they demonstrated low susceptibility
rates to the antimicrobials tested (29-89% and 4-27%, respectively)
[47]. A retrospective chart review of patients receiving tigecycline
therapy reported high levels of susceptibility in GNB isolates: 82%
in carbapenem-resistant Acinetobacter spp. and 98% and 78% in
third-generation cephalosporin-resistant E. coli and Klebsiella spp.,
respectively [50].

Of the hospital surveys in Lebanon that evaluated antimicro-
bial susceptibilities over a range of GNB, two were large-scale,
multisite studies [52,56]. The first study analysed susceptibility re-
sults of 55 594 GNB collected from 2011-2013. Escherichia coli iso-
lates had ESBL production rates of ~30% and were highly sus-
ceptible to imipenem; in contrast, Acinetobacter spp. showed de-
creasing susceptibility to imipenem over the 3-year period, which
was 15% in 2013 [52]. The second study carried out a similar
survey of isolates collected from 2015-2016 and reported further
decreases in the susceptibility of E. coli, Klebsiella spp. and P.
aeruginosa to several antimicrobials compared with the 2011-2013
levels. Additionally, significant decreases in susceptibility were
observed for third-generation cephalosporin-resistant Enterobac-
teriaceae, carbapenem-resistant Enterobacteriaceae, carbapenem-
resistant P. aeruginosa and carbapenem-resistant Acinetobacter spp.
(P < 0.001 for each) [56]. The observed ESBL production in
Enterobacteriaceae was 34%. Three studies specifically evaluated
carbapenem-resistant GNB isolates [51,53,54]. A large multisite
study observed carbapenem resistance in 1.2% of Enterobacteri-
aceae, 88% of A. baumannii and 41% of Pseudomonas (encompass-
ing P. aeruginosa and Pseudomonas spp.) during 2012; molecular
characterisation of carbapenem-resistant isolates identified a 70%
prevalence of the blagxa.4g gene in Enterobacteriaceae, with a high
prevalence of blagya.o3 (98%) and blaggs.1; (92%) and a low preva-
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lence of blagxa.o4 (1.4%) in A. baumannii, and MBL genes (blayyp
or blayyy) in slightly more than 20% of Pseudomonas isolates [54].
A smaller, single-site study carried out during a partially over-
lapping time period reported a similar prevalence of these f-
lactamase genes [53]. Another study measured the carbapenem
resistance prevalence in GNB isolates collected in a tertiary care
centre over a 9-year period (2010-2018) and observed large in-
creases in the isolation densities of carbapenem-resistant E. coli
[51]. Lastly, community-acquired and hospital-acquired GNB infec-
tions were compared in a study in five hospitals, revealing that
ESBL-producing E. coli and MDR Pseudomonas occurred at signifi-
cantly higher frequencies in hospital-acquired versus community-
acquired infections (P = 0.001) [55].
A summary of AMR trends in Lebanon is shown in Fig. 2.

3.2. Studies in Jordan

Fifteen studies in Jordan were included in this review [57-
71] (Table 2).

3.2.1. Resistance of Acinetobacter spp

Six of the included studies evaluated AMR in Acinetobacter spp.
[57-62], two of which assessed critically-ill adult patients with
cancer with A. baumannii infections treated in an ICU [61,62]. The
first study reported the AMR profiles of A. baumannii isolates from
161 patients, with all but 5 isolates being defined as MDR, XDR
or PDR [61]. The second study evaluated the clinical effectiveness
of colistin therapy in a subset of 77 patients with respiratory in-
fections caused by CRAB; although microbiological clearance was
achieved in 51 treated patients, 12 of these patients had either re-
currence of respiratory infection or new infections elsewhere [62].
Carbapenem resistance was also highly prevalent in A. baumannii
isolated from critical care patients with VAP (>98%) [58] and from
neonates with Acinetobacter spp. sepsis (90%) [57]; all carbapenem-
resistant isolates in both studies were susceptible to colistin. Two
articles reported year-long surveys of A. baumannii isolated from
clinical samples, both of which found high rates of multidrug re-
sistance (74-78%) and carbapenem resistance [59,60].

3.2.2. Resistance of Enterobacteriaceae

Six studies investigated resistance in Enterobacteriaceae species
[63-68]. In two studies, ESBL-producing E. coli and K. pneumo-
niae isolates from patients with community-acquired UTIs were
examined [63,64]. The first study included outpatients and inpa-
tients of all ages with UTIs, finding that 42.5% of E. coli and K
pneumoniae isolates were ESBL-producers [64]. The second, a case-
control study focused on children hospitalised with community-
acquired UTI, identified risk factors for ESBL E. coli and K. pneumo-
niae that included recent use of antimicrobials, recent hospitalisa-
tion, recurrent UTI and renal anomalies [63]. In both studies, ESBL-
producing isolates were highly susceptible to carbapenems, were
highly resistant to third- and fourth-generation cephalosporins
(96-99%), and had significant rates of resistance to several non-
B-lactam antimicrobials [63,64]. A further study that evaluated
ESBL-producing E. coli isolates predominantly from UTIs also ob-
served this pattern of resistance [65]. In a study of 88 neonates
with serious bacterial infections [68], E. coli and Klebsiella spp.
were identified in 48 patients; of these isolates, 54% of E. coli and
68% of Kilebsiella spp. were ESBL-producers. Overall, Enterobacte-
riaceae isolates tested were nearly all (>96%) susceptible to car-
bapenems but were frequently resistant (55-59%) to third- and
fourth-generation cephalosporins [68]. Two studies characterised
carbapenem-resistant Enterobacteriaceae [66,67]. Of 296 K. pneu-
moniae isolates from patients attending a single hospital, 7 (2.4%)
were carbapenem resistant [66]; PCR screening detected the MBL
blaypy gene in 2/7 isolates, the carbapenemase gene blagya_ss.jike
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Table 2

Studies of antimicrobial resistance (AMR) rates and mechanisms in Gram-negative bacteria (GNB) from Jordan

Article

Study period

Study population Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of
resistance

Studies investigating Acinetobacter spp./Acinetobacter baumannii

Al-Lawama et al.,
2016 [57]

Almomani et al.,
2015 [58]

Batarseh et al.,
2016 [59]

El-Khatib et al.,
2021 [60]

Nazer et al., 2015
[61]

Nazer et al., 2015
[62]

Studies investigating Enterobacteriaceae

2-year period
(dates NR)

Jan. 2007 to
Jun. 2013

Jan. 2013 to
Dec. 2013

Jan. 2018 to
Dec. 2018

Jan. 2010 to
Dec. 2013

Jan. 2010 to
Dec. 2013

Patients in a level 3 neonatal unit
with blood culture-confirmed
sepsis due to MDR Acinetobacter
spp. and treated with colistin

Acinetobacter spp. (n = 21)

Patients aged >16 years admitted
to a CCU with VAP caused mainly
by A. baumannii (at a single
hospital)

A. baumannii (n = 121)

Patients at a single hospital (age
not stated; 116 non-repetitive
clinical samples positive for A.
baumannii)

Patients (all ages) from hospitals,
healthcare centres and the
community with A. baumannii
infection (n = 43)

A. baumannii (n = 116)

A. baumannii (n = 43)

Critically-ill patients with cancer
(adults, mean age 56 years) with
A. baumannii infection treated in
the ICU of a single hospital

(n =161)

A. baumannii (n = 161)

A. baumannii,
carbapenem-resistant

Critically-ill patients with cancer
(aged >18 years) with
carbapenem-resistant A.
baumannii respiratory infections
who were treated in the ICU of a
single hospital and received i.v.
colistin therapy (n = 89)

Studies investigating Escherichia coli and/or Klebsiella spp.

During the study period, 21 newborns received colistin
concomitantly with other antimicrobial and/or antifungal
medications (18/21 received colistin with imipenem and
amikacin/gentamicin for the duration of treatment)

19/21 Acinetobacter spp. isolates were carbapenem-resistant and
all were susceptible to colistin

19/21 of the newborns treated survived and had a clear
follow-up blood culture (range, 1-8 days for clearance)
119/121 A. baumannii VAP cases were caused by MDR A.
baumannii

Overall incidence rate of MDR A. baumannii VAP was 1.59 cases
per 100 CCU admissions

MDR A. baumannii isolates were variably resistant against 24
different types of antimicrobials tested:

e Susceptibility was 0% for 9 antimicrobials, including ceftriaxone

e Susceptibility to imipenem and meropenem was 0.9% and 1.8%,
respectively

e Highest susceptibility was to colistin (100%)

78% of the A. baumannii isolates were MDR and 9% were PDR
High resistance rates (97-100%) were observed for all
generations of cephalosporins and imipenem

Very low resistance to colistin was observed (1.7%)
Antimicrobial susceptibilities were analysed in groups according
to site of isolation: blood (n = 7), urine (n = 16) or other (e.g.
ear swab, wound, sputum; n = 20)

32/43 isolates (74%) were classified as MDR: blood isolates, 42%;
urine isolates, 63%; other, 95%

Resistance to imipenem was 36% among urine isolates and 94%
among isolates in the ‘other’ group; resistance to meropenem in
these groups was 60% and 88%, respectively

Resistance to ceftriaxone and ceftazidime was 14-33% in blood
isolates, 88-92% in urine isolates and 88-89% in ‘other’ isolates
2 isolates (1 urine and 1 throat swab) were resistant to all
antimicrobials tested, suggesting PDR

Only 5/161 isolates were susceptible to common antimicrobials
MDR A. baumannii: 13/161 (including resistance to
cephalosporins)

XDR A. baumannii: 142/161 (MDR and also resistant to
carbapenems)

PDR A. baumannii: 1/161 (142/161 were XDR)

Effectiveness of colistin treatment was analysed in 77 patients:
e 51/77 (66%) had microbiological clearance; however, 3 of the
patients with clearance had recurrent infections and 9 had new
infections (wounds and blood); of the recurrent infections, 1 was
resistant to colistin

e 57/89 (64%) patients died in the ICU; death was attributed to
A. baumannii infection in 10 patients

NR

NR

NR

NR

NR

NR

(continued on next page)
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Table 2 (continued)

Article

Study period

Study population

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of
resistance

Albaramki et al.,
2019 [63]

Almomani et al.,
2018 [64]

Al-Tamimi et al.,
2019 [65]

Agel et al., 2017
[66]

Aqel et al., 2018
[67]

Jan. 2012 to
Jul. 2017

Jan. 2015 to
Dec. 2016

Nov. 2017 to
Nov. 2018

Mar. 2012 to
Apr. 2013

May 2013 to
Apr. 2014

Hospitalised children (aged 0-18
years) with CA-UTI and positive
urine culture (n = 243 patients
overall)

Outpatients, inpatients and ER
patients (all ages) at a single
hospital with CA-UTI caused by E.
coli or Klebsiella pneumoniae

(n = 591 patients)

Outpatients and inpatients (all
ages, predominantly adult) with
suspected E. coli infections
recruited from 2 hospitals

K. pneumoniae isolates from
patients (age not stated) attending
a single hospital in Amman

(n = 296)

Patients (all ages) in 5 hospitals in
Amman

E. coli (n = 132)
Klebsiella spp. (n = 22)

E. coli
K. pneumoniae

E. coli [specifically,

n = 150 ESBL-producing E.
coli from urine (87%),
wound (5%), blood (1.4%)
and other (6.5%)]

K. pneumoniae (n = 296)

2759 non-duplicate
Enterobacteriaceae isolates
of which 28 (1%) were
carbapenem-resistant,
including:

e K. pneumoniae (n = 23)
eE coli(n=1)

E. coli and Klebsiella

spp. isolates were compared in a case-control study:

e ESBL-positive ‘cases’, n = 77 (E. coli, n = 63; Klebsiella spp.,
n=14)

e ESBL-negative ‘controls’, n = 77 (E. coli, n = 69; Klebsiella spp.,
n=38)

Factors significantly associated with ESBL isolates: use of
antimicrobials within last 3 months, hospitalisation within last 3
months, history of recurrent UTI, renal anomalies

Resistance rates for ESBL vs. non-ESBL isolates:

e Third-generation cephalosporins, 99% vs. 3%

e Cefuroxime, 99% vs. 40%

e Carbapenems, 1% vs. 0%

A third-generation cephalosporin was used empirically in 43/77
ESBL patients: 20/43 responded clinically and returned a negative
urine culture; 23/43 did not improve (antimicrobial was
subsequently changed)

ESBL-positive, n = 251

ESBL-negative, n = 340

Incidence rate of ESBL-producing E. coli or K. pneumoniae in
CA-UTI patients was 3.465 cases per 1000-patient hospital
admissions;

Of the ESBL-producing isolates:

e Susceptibility was highest to carbapenems (96-99%) and lowest
to the third- and fourth-generation cephalosporins (3-4%)
ESBL-producing E. coli showed very high resistance rates (>95%)
to first-, second- and third-generation cephalosporins; resistance
was also high against cefepime (~50%)

Low levels of resistance (<10%) to carbapenems was observed
Addition of amoxicillin/clavulanate enhanced the susceptibility
rate of cephalosporins, particularly cefixime (86%), to a level
comparable with carbapenems

7/296 K. pneumoniae isolates were carbapenemase-producers:

e All 7 isolates were resistant to carbapenems, cefotaxime and
cefepime

e All 7 isolates were susceptible to colistin

All carbapenem-resistant isolates were also resistant to cefalotin,
cefoxitin, cefotaxime and ceftazidime
Most (94%) were susceptible to colistin

NR

NR

NR

The 7 carbapenemase-producing
isolates were screened by PCR for
genes encoding CTX-M ESBLs and
carbapenemase gene families blanpy,
blaym, blawp, blakec and blaoxa as-ike:
e 2/7 isolates were NDM-producers
and contained a blacry n.o.jike ESBL
gene

e 5/7 were OXA-48_j.-producers, all
of which contained either a
blacrx-m-g-ike OF blacrx n1-1ike ESBL
gene

e First study to identify NDM- and
0XA-48-producing K. pneumoniae in
Jordan

PCR detection of carbapenemase genes
blanpm, blaym, blagec and blaoxa-ag-ike:
e The 23 K. pneumoniae isolates
harboured genes encoding OXA-48_jixe
(n = 7), NDM-1 (n = 14), and both
0XA-48 and NDM-1 (n = 2)

e [solates were largely not clonally
related, and plasmids containing
carbapenemase genes were of diverse
origin

(continued on next page)
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Table 2 (continued)

Article Study period Study population

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of
resistance

Yusef et al., 2019 Jan. 2012 to
[68] Dec. 2018

Neonates with community- or
maternally-acquired serious
bacterial infections admitted to a
single hospital (n = 88)

Studies investigating Pseudomonas aeruginosa

Al Dawodeyah Nov. 2014 to Respiratory tract samples obtained

et al.,, 2018 [69] Jun. 2015 from adult patients attending the
Jordan University Hospital
pulmonary clinic (n = 284)

161

Syndrome-based studies investigating several GNB species

Hirmas et al., 2017  Jan. 2015 to Paediatric oncology patients (aged

[70] Dec. 2015 <18 years) with a positive urine
culture treated at a single centre
(n = 73; inpatients and
outpatients)

Yusef et al., 2018 Jan. 2012 to Neonates with sepsis treated in

[71] Dec. 2015 the NICU of a single hospital

(n = 68)

GNB in 59/88:
e E. coli (n = 26)
e Klebsiella spp. (n = 22)

P. aeruginosa isolated from
61/284 patients (45/247
hospitalised; 16/37
outpatients)

Of all organisms detected
by urine culture, GNB
accounted for 84%

(n =126):

e E. coli, 51%

e K. pneumoniae, 9%

e P geruginosa, 8%
Among GNB (n = 42; 62%
of neonates with sepsis):
e A. baumannii (n = 18;
27%)

e K. pneumoniae (n = 15;
22%)

e E coli (n = 4; 6%)

e Other (n = 5; 7%)

39/88 patients were infected with MDR organisms, including
ESBL-producing E. coli (n = 14) and ESBL-producing K.
pneumoniae (n = 15)

The majority of Enterobacteriaceae isolates were resistant to the
third- and fourth-generation cephalosporins tested (55-59%
resistant)

Enterobacteriaceae isolates were most susceptible to
carbapenems (>96% susceptible)

32/61 (52%) P. aeruginosa isolates were MDR (resistant to >3
antimicrobial classes); all MDR isolates were from hospitalised
patients

Among all 61 isolates, susceptibility was highest to colistin
(100%), cefepime (82%), ceftazidime (82%) and the carbapenems
(79-80%), and lowest to cefotaxime (25%)

Of GNB, 37% were ESBL-producers and 3% were MDR
Resistance was lowest against the carbapenems (<5%);
approximately one-half of isolates were resistant to
third-generation cephalosporins

Among E. coli isolates, 53% were ESBL-producers

MDR-GNB pathogens included A. baumannii (n = 18),
ESBL-producing Enterobacteriaceae [n = 14, including E. coli
(n = 4) and K. pneumoniae (n = 10)] and KPC-producing K.
pneumoniae (n = 2)

A. baumannii were resistant to all antimicrobial groups except
colistin (100% susceptible)

Enterobacteriaceae (n = 21) were most susceptible to
carbapenems (90%)

NR

All 32 MDR isolates carried 1-4 of the
investigated ESBL genes:

® blacrxm: 22/32

e blargy: 6/32

® blaygg.1: 6/32

® blaggs.1: 5/32

e blasyy: 4/32

® blagpc: 0/32

e MBL genes: blaypy.2, 3/32; blaywp.1,
0/32

All MDR isolates were positive for
genes of algD, lasB and toxA and
produced pyocyanin

Among all 61 isolates, the most
common virulence genes detected
were algD and lasB (both 98%), toxA
(80%), and exoS and exoU (both 33%);
87% were positive for pyocyanin

The 32 MDR isolates were
genotypically diverse and segregated
into 14 different clusters, with no
discernible relationship between
genotype and AMR phenotype

NR

NR

CA-UTI, community-acquired urinary tract infection; CCU, critical care unit; ESBL, extended-spectrum S-lactamase; ER, emergency room; ICU, intensive care unit; i.v., intravenous; MBL, metallo-S-lactamase; MDR, multidrug-

resistant; NICU, neonatal intensive care unit; NR, not recorded; PDR, pandrug-resistant; UTI, urinary tract infection; VAP, ventilator-associated pneumonia; XDR, extensively drug-resistant.
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Fig. 2. Summary of antimicrobial resistance trends in Lebanon. Red arrows indicate a decreased rate of resistance and green arrows indicate an increased rate of resistance.

in 5/7 and the ESBL blacrg.pm-g-tike OF blactxm-1-like g€N€ in 7/7 iso-
lates. A slightly lower rate of carbapenem resistance was identified
in a study of Enterobacteriaceae isolates conducted across several
hospitals [67]: 28/2759 (1.0%) isolates were resistant, with K. pneu-
moniae predominating (23/28). Among the carbapenem-resistant
isolates, blaypy-1 was the most frequently detected carbapenemase
gene (16/23 K. pneumoniae and 1/1 E. coli). In both studies, isolates
remained highly susceptible to colistin (94-100%) [66,67].

3.2.3. Resistance of Pseudomonas aeruginosa

A study analysing P. aeruginosa isolates from respiratory tract
samples of inpatients and outpatients observed complete suscep-
tibility to colistin (100%) and lower levels of susceptibility to car-
bapenems and third-generation cephalosporins (~80%) [69]. Of the
45 isolates collected from hospitalised patients, 32 (71.1%) were
MDR; in contrast, multidrug resistance was not identified in any of
the 16 isolates originating from outpatients. Molecular characteri-
sation of the 32 MDR isolates indicated that they were genotypi-
cally diverse and revealed a high prevalence of ESBL genes, partic-
ularly blactx.m (69%), and a low prevalence of MBL genes (<9.4%).

3.2.4. Resistance in multiple bacteria

Two studies evaluated a range of GNB isolates from paediatric
patients [70,71]. Of organisms detected by urine culture in paedi-
atric oncology patients, GNB were most prevalent (84%), particu-
larly E. coli (51%). Among the 126 GNB isolates, 37% were ESBL-
producers and 3% were MDR, with low resistance to carbapen-
ems (<5%) and moderate levels of resistance to third-generation
cephalosporins (~50%) [70]. GNB were also prevalent in neonates
with sepsis, accounting for 62% of bacterial isolates [71]. AMR lev-
els were high, with all A. baumannii and E. coli isolates identified
as MDR. Resistance was particularly high in the A. baumannii iso-
lates, in which susceptibility only to colistin (100% susceptible) was
observed [71].

One study evaluated ESBL-producing E. coli isolates from UTIs
and IAls both in Jordan and Lebanon. The study found a signifi-
cantly higher prevalence of ESBL-producing E. coli in Jordan com-
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pared with Lebanon, both in UTIs (53% vs. 39%) and IAls (58% vs.
33%; P < 0.0001 and P = 0.0003, respectively) [34].
A summary of AMR trends in Jordan is shown in Fig. 3.

3.3. Studies in Iraq

Twelve studies in Iraq met the criteria for inclusion in the re-
view [72-83] (Table 3).

3.3.1. Resistance of Acinetobacter spp

Two of the included studies investigated AMR in Acinetobacter
spp. [72,78]. One study assessed 127 A. baumannii isolates from
clinical specimens, reporting very high levels of multidrug resis-
tance (96%) and carbapenem resistance (84-88%) [72]. A second
study characterised mechanisms of resistance in 120 A. baumannii-
calcoaceticus complex isolates, 110 of which were phenotypically
carbapenem-resistant [78]. The blagxa-p3-jike geNe was the most
frequently identified (found in 101/110 isolates) and was always
associated with the presence of the insertion sequence ISAbal up-
stream [78].

3.3.2. Resistance of Enterobacteriaceae

In total, four studies were conducted in Iraq that evaluated re-
sistance of the Enterobacteriaceae species E. coli and/or K. pneu-
moniae [74,76,79,82]. Three of these studies assessed isolates from
patients with UTIs or burn infections, all of which reported high
levels of multidrug resistance: 74-75% in K. pneumoniae [74,82]
and 62-88% in E. coli [76,82]. In general, susceptibility to carbapen-
ems was high (91-100% across studies) and susceptibility to third-
generation cephalosporins was low (<10-40% across studies). The
prevalence of ESBL production determined by phenotypic testing
ranged from 73-85% in K. pneumoniae and 65-77% in E. coli; corre-
spondingly, high frequencies of the ESBL genes blargy, blasyy and
blacrx.m were detected by PCR testing, the rank order of which
varied by species and study [74,76,82]. A single study focused on
55 carbapenem-resistant K. pneumoniae isolates [79], all of which
were classified as MDR. Phenotypically, 53% of the isolates were
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Table 3

Studies of antimicrobial resistance rates (AMR) and mechanisms in Gram-negative bacteria (GNB) from Iraq

Article Study period

Study population

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of
resistance

Studies investigating Acinetobacter spp./Acinetobacter baumannii

Al Marjania NR

et al., 2021

[72]

Ganjo et al., Jan. 2012 to Oct.

2016 [78] 2013

Studies investigating Enterobacteriaceae

A. baumannii isolated from clinical

specimens collected from patients

(aged 1 month-80 years) in several
hospitals in Baghdad

Inpatients (all ages) in 4 hospitals in
the Kurdistan region of Iraq

Studies investigating Escherichia coli and/or Klebsiella spp.

Aljanaby et al., Jul. 2016 to Jan.

2017 [74] 2017
Al-Mayahie Oct. 2013 to Apr.
et al., 2016 2014

[76]

Inpatients (age not stated) with UTIs
(n = 141 samples) or burns infections
(n = 144 samples) admitted to
Al-Kufa Hospital in Al-Najaf Province

Outpatients (all ages) with recurrent
UTI attending a hospital in Al-Kut city

A. baumannii (n = 127)

A. baumannii-
calcoaceticus complex
(n = 120)

Klebsiella pneumoniae
(n=43)

E. coli (n = 91)

Resistance was >80% against 15 of the 18
antimicrobials tested, including imipenem
(84%) and meropenem (88%)

Very high prevalence of MDR:

® 96% (122/127) of isolates were MDR

® 58% (74/127) were XDR

e 28% (36/127) were ‘possible PDR’

110/120 isolates were carbapenem-resistant
(as assessed by disk diffusion)

High resistance (91-98%) to 6 antimicrobial
types, including all cephalosporins tested
Moderate resistance (44-49%) to 4
antimicrobial types

Lowest resistance was to imipenem (9%)
According to definitions of resistance given:

e 32 strains MDR, 9 strains XDR and 2 strains
PDR

According to phenotypic tests for ESBL production:

® 35/43 ESBL-producing
® 8/43 non-ESBL-producing

62% of isolates were MDR, of which 48 (53%)
were ESBL-positive

High rate of resistance to third-generation
cephalosporins (~75%)

No isolate showed resistance to imipenem or
meropenem

Phenotypically, 59/91 (65%) isolates were
confirmed ESBL-producers

Isolates were screened for toxin-antitoxin
systems type II genes (mazEF, ccdAB, relBE,
mqsR) and quorum-sensing genes (lasIR,
rhilR):

e No maz, ccd or rel genes were identified
e mgsR: 1/127 isolates

e lasIR: 2/127 isolates

e rhlIR: 3/127 isolates

In the 110 carbapenem-resistant isolates:

® blagya-23.like: 101/110 (92%)

® blaoxa-2a.ike: 4/110

® blagxa sg-tike: 0

ISAbal analysis of all 120 isolates:

e Detected ISAbal in 116 isolates (97%)

o All blagya.3-jike-POSitive isolates (n = 101)
showed upstream ISAbal

WGS of 15 isolates:

e Detected additional variants of the
blagxa-s1-ike ene including blagxa-o1, bldoxa-s6
and blaoxA,Gg

e Detected blaapc_ys.jike (@ variant of the
chromosomal AmpC gene) in all 15 isolates
e Belonged to 6 STs (including ST2)

PFGE of all 120 isolates:

e Showed isolates were distributed over 8
clusters

High prevalence of B-lactamase genes
detected by PCR:

® blargy: 24/43

® blasyy: 37/43

® blacrx.m: 22/43

® blacrx.m.1 group: 21/43

® blacrx.m-2 group: 5/43

® blacrx-m-s, -9, -25 groups: 0/43

blargy, blasyy, blactx.v and blagka analysed,
68/91 (75%) isolates possessed >1 gene:

e CTX-M was the most prevalent ESBL type
(70%; CTX-M-1 the only subtype), followed by
OXA-type (33%) and SHV-type (11%)

e All OXA-type ESBLs detected were produced
concomitantly with CTX-M-1

e TEM-type was not found in any isolate

e 59/68 isolates that were positive for ESBL
genes by PCR assay were confirmed
phenotypically as ESBL-producers

e Of the 9 isolates not phenotypically positive
for ESBL, AmpC was detected by PCR in all,
and all were resistant to cefoxitin; 7/9 (78%)
had CTX-M-1 and OXA-type ESBL, and 2/9
(22%) had CTX-M-1 only

(continued on next page)
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Table 3 (continued)

Article

Study period

Study population

Pathogens reviewed

Observations related to AMR

Observations related to mechanisms of
resistance

Hussein et al.,
2018 [79]

Pishtiwan
et al., 2019
[82]

Mar. 2014 to Nov.

2015

Jul. 2016 to Sep.
2016

Hospitalised patients (age not stated)
in 2 Baghdad hospitals

Urine specimens from inpatients and
outpatients (age not stated) treated at
a thalassemia centre in Erbil

Studies investigating Pseudomonas aeruginosa

Al-Charrakh
et al,, 2016
[73]

Al-Khudhairy
et al., 2020
[75]

Ismail et al.,
2018 [80]

Apr. 2011 to Aug.
2011

Oct. 2017 to Jan.
2018

Not stated

P. aeruginosa isolates from clinical
samples collected from patients (age
not stated) in public and private
hospitals in Baghdad

282 adult (aged 30-70 years) patients
with DFU admitted to a hospital in
Al-Najaf City

Isolates (n = 100) collected from
clinical samples of patients (age not
stated) admitted to hospitals in
Baghdad

K. pneumoniae (n = 55
carbapenem-resistant
isolates)

E. coli (n = 48)
K. pneumoniae (n = 20
isolates)

P. aeruginosa (n = 75)

P. aeruginosa (n = 97)

P. aeruginosa (n = 22)

All 55 carbapenem-resistant isolates were
MDR:

® 55/55 resistant to 11 of the 16
antimicrobials tested, including the
cephalosporins

e Phenotypically, 29/55 strains were
identified as MBL-producing

88% of E. coli isolates and 75% of K.
pneumoniae isolates were MDR

E. coli and K. pneumoniae isolates had 100%
susceptibility to imipenem and meropenem;
17-40% susceptibility to cephalosporins
ESBL phenotypic testing:

® 37/48 E. coli and 1720 K. pneumoniae had
positive ESBL

6/75 (8%) isolates were imipenem-resistant, of
which 4 were also meropenem-resistant and
phenotypic B-lactamase-producers; these 4
isolates were also resistant to the other 8
antimicrobials tested

All isolates were susceptible to colistin and
polymyxin B; 12% of isolates were resistant to
imipenem and 41-43% to cephalosporins

12 isolates (12%) were MDR; all of these 12
isolates were MBL-producers phenotypically

6/22 of the P. aeruginosa isolates were
carbapenem-resistant and tested positive for
MBL phenotypically

Of the 6 carbapenem-resistant isolates, 1
isolate was PDR and 5 were MDR (including
resistance to cephalosporins; susceptible to
colistin)

Prevalence of MBL genes by PCR:
(blanpm-1 confirmed by sequencing)
® blaxpm-1: 37/55 (67%)

® blapp: 5/55 (9%)

® blayy
® blagy
® blagy: 0

® blaspy: 0

85% (17/20) of K. pneumoniae and 77% (37/48)
of E. coli isolates were positive for >1 ESBL
gene by PCR (all had also been positive
ESBL-producers in phenotypic testing)

E. coli isolates:

® blacrx.m: 32%

® blagyy: 16%

® blargy: 81%

K. pneumoniae isolates:

® blacrx.m: 41%

® blasyy: 35%

L4 blaTEM: 65%

5
0
0

The 6 imipenem-resistant isolates were
assayed for the MBL genes blayp, blaspy; and
blayyy:

e 3 isolates harboured chromosomal blayyp
e 1 isolate harboured both bla;yp and
plasmid-derived blaspy.1

e blay;y was not detected

Of 12 phenotypically MBL-producing P.
aeruginosa isolates assayed:

o blay: 4/12 (33%)

o blapp: 3/12 (25%)

® blaspy: 2/12

e blagy: 2/12

e blaypm: 1/12

(=1 of the 5 genes assayed for were detected
in 8 isolates; 0 genes were detected in 4 of
the isolates)

First study to identify NDM-producing P.
aeruginosa in Baghdad hospitals:

e Of the 6 carbapenem-resistant isolates, 4
were PCR-positive for blaypy

e Sequencing identified 3/4 as blaypy.; and
1/4 as blanpm-2

(continued on next page)
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Table 3 (continued)

Article Study period Study population Pathogens reviewed Observations related to AMR Observations related to mechanisms of
resistance

van Burgh Feb. 2012 to Jan. Patients (age not stated) admitted to 3 P. aeruginosa (n = 81) XDR: 70% of isolates

et al., 2019 2013 hospitals in the Kurdistan region MDR: 86% of isolates WGS of 11 isolates across different phenotypes:

[83] Overall, 77-78% of isolates were resistant to ® blagxa-19 in 8 isolates

Syndrome-based studies investigating several GNB species

Al-Nagshbandi
et al., 2019
[77]

Majeed and
Aljanaby, 2019
[81]

Jan. 2014 to Dec.

2016

Jul. to Dec. 2017

Patients (age not stated) with UTI
who attended a hospital in the
Kurdistan region

Outpatients with UTI either with CKD
(n = 60 cases) or without CKD

(n = 60 controls) in Al-Najaf city
(aged 10-70 years)

Of 450 pathogenic
isolates, 371 were
GNB:

e E. coli (n = 255)
e K. pneumoniae
(n = 76)

e Enterobacter spp.
(n=28)

e A. baumannii (n = 5)

e Others (n = 10)

Of 126 GNB isolates:
e E. coli (n = 49)
e K. pneumoniae

(n = 35)
® P. aeruginosa
(n =18)

e Enterobacter
aerogenes (n = 8)

cephalosporins, 56-68% to carbapenems and
4% to colistin

Phenotypic testing:

® 38/81 ESBL-positive, 12/81 with
derepressed AmpC phenotype, 1/81
MBL-positive

Susceptibility profiles against 25
antimicrobials were reported for each
bacterial species:

e Overall, GNB were highly resistant to
colistin (>90% resistant)

® Resistance against carbapenems varied from
86% for meropenem to 27% for ertapenem

® Resistance was lowest against the third- and
fourth-generation cephalosporins ceftazidime
and cefepime (13% and 12%, respectively)

® A. baumannii showed the highest resistance
rates, being >80% resistant to almost all
antimicrobials tested

GNB species isolated showed resistance to
most antimicrobials, including
third-generation cephalosporins; almost all
isolates were susceptible to imipenem

Higher prevalence of MDR bacteria in urine of
patients with CKD (54/66) compared with
control patients (42/60); there was also a
higher prevalence of XDR and PDR bacteria in
patients with CKD (5/66 vs. 0/60 and 1/66 vs.
0/60, respectively)

Greater proportion of isolates from patients
with CKD were phenotypically confirmed as
ESBL-producing (21/66) compared with
isolates from control patients (6/60)

® blargy.qp and blayggq in 1 isolate

® blapya.1 and blagxa-10 in 1 isolate

® blapye-; in 1 isolate

Of the 11 isolates, 10 showed mutations in
the oprD gene that likely rendered the protein
non-functional, suggesting porin loss as a
mechanism of carbapenem resistance
Subsequent PCR assays forf-lactamase genes:
Almost all isolates positive for blagya-so

® blaoxa10: 47/81 (58%)

® blaygg: 24/81 (30%)

® blapgg: ]4/8] (17%)

e blargy: 16/81 (20%)

® blapye: 4/81 (5%)

® blay;y: present in the phenotypically
MBL-positive isolate

No isolate was positive for blagg, blaggs,
blagpc or blaoxa-s

WGS of the 11 isolates identified ST244

(n = 8), ST235, ST308 and ST654 (a high-risk
clone)

Typing experiments carried out on all isolates
showed segregation into 5 highly similar
clusters, indicating clonal spread had occurred

NR

There was a higher prevalence of ESBL genes
in UTI isolates from patients with CKD
compared with isolates from control patients
In 66 UTI isolates from patients with CKD:

® blasyy: 30/66

® blacrx.m: 33/66

® blatgy: 39/66

In 60 UTI isolates from control patients:

® blasyy: 19/60

® blacrx.m: 19/60

® blargy: 26/60

CKD, chronic kidney disease; DFU, diabetic foot ulcer; ESBL, extended-spectrum f-lactamase; IS, insertion sequence; MBL, metallo-B-lactamase; MDR, multidrug-resistant; NR, not recorded; PDR, pandrug-resistant; PFGE,

pulsed-field gel electrophoresis; ST, sequence type; UTI, urinary tract infection; XDR, extensively drug-resistant; WGS, whole-genome sequencing.
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Fig. 3. Summary of antimicrobial resistance trends in Jordan. Red arrows indicate a decreased rate of resistance, green arrows indicate an increased rate of resistance and

grey double-headed arrows indicate variable rates of resistance.

MBL-producers. Of the six MBL genes screened by PCR, two were
detected: blanpp.1 (67% of isolates) and blayp (9% of isolates).

3.3.3. Resistance of Pseudomonas aeruginosa

Pseudomonas aeruginosa was the subject of four studies that
found varying rates of carbapenem-resistant isolates (8-68%)
[73,75,80,83]. Three of these studies focused on the characterisa-
tion of carbapenem-resistant P. aeruginosa, which were screened
for the presence of several MBL genes; blayp, blaspy, blayyy, blaspv
and blaypy were all identified, although their prevalence varied
between studies [73,75,80]. The fourth study observed a high level
of multidrug resistance (86%) and carbapenem resistance (56-68%)
in 81 P. aeruginosa isolates collected from patients hospitalised
in the Kurdistan region [83]. Whole-genome sequencing of phe-
notypically representative isolates revealed a high prevalence of
oprD gene mutations (10/11 isolates), suggesting porin loss as a
mechanism of carbapenem resistance. PCR screening of the en-
tire isolate set most frequently identified the ESBL genes blagxa-10,
blaygg, blapgr and blatgy (17-58% of isolates), whereas the MBL
gene blayy, was identified in only one isolate.

3.3.4. Resistance in multiple bacteria

Two studies characterised several GNB species isolated from
patients with UTIs [77,81]. In both studies, E. coli and K. pneu-
moniae were the predominant species isolated. Overall antimicro-
bial susceptibility profiles varied distinctly between the studies.
The study in the Kurdistan region reported relatively high lev-
els of carbapenem resistance across GNB isolates (ertapenem, 27%;
imipenem, 39%; meropenem, 86%) and lower levels of resistance to
third- and fourth-generation cephalosporins (12-27%) [77]; in con-
trast, in the study in the city of Al-Najaf, almost all isolates were
susceptible to imipenem and there were higher levels of resistance
to third-generation cephalosporins (25-66%) [81]. The latter study
compared patients with UTI with and without chronic kidney dis-
ease, observing a higher prevalence of MDR and ESBL-positive iso-
lates in patients with chronic kidney disease [81].
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A summary of AMR trends in Iraq is shown in Fig. 4.

4. Discussion

Based on available data from Lebanon, Jordan and Iraq, there is
a high prevalence of AMR that has been steadily increasing over
the years. Understanding the prevalence and underlying mecha-
nisms of resistance of emerging antimicrobial-resistant GNB, much
of which coexists within the same organism, is critical and ur-
gently needed in these countries as well as in other low- and
middle-income countries [9,84].

Within Lebanon, Acinetobacter spp. isolates were highly resis-
tant to carbapenems, whereas colistin resistance was relatively
low [17-22,24-27]. Similar findings were observed in Jordan and
Iraq, recording high rates of carbapenem-resistant Acinetobacter
spp. isolates but lower rates of colistin resistance [57,58,72]. One
study found that implementing an antimicrobial stewardship pro-
gramme to help optimise antimicrobial usage resulted in a no-
ticeable reduction in CRAB, suggesting there may be a role for
antimicrobial stewardship programmes in managing AMR [85].
Studies on Enterobacteriaceae isolates in Lebanon again found
high rates of carbapenem and cephalosporin resistance and lower
levels of colistin resistance, whereas studies in Iraq found high
cephalosporin and colistin resistance along with increased sus-
ceptibility to carbapenems [30,32,33,74,76,82]. Of the studies in-
vestigating Enterobacteriaceae isolates in Jordan, most recorded
high resistance to cephalosporins along with high susceptibility
to carbapenems and colistin [63-67]. Few data are available for
P. aeruginosa; however, studies in Lebanon found that P. aerugi-
nosa isolates were carbapenem-resistant and colistin-susceptible,
while studies in Iraq showed varying levels of resistance to car-
bapenems and cephalosporins with high susceptibility to colistin,
and studies in Jordan found varying levels of susceptibility to car-
bapenems, cephalosporins and colistin [42-44,69,75,83]. The over-
all trend points toward rising carbapenem and cephalosporin re-
sistance and sustained susceptibility to colistin within this region.
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Other surrounding countries throughout Europe and the Middle
East have observed similar trends in MDR-GNB [86-88].

In the studies reviewed, the most commonly observed mech-
anisms that GNB used for AMR were genetic modifications re-
sulting in increased expression of antimicrobial-inactivating en-
zymes (i.e. ESBLs, AmpC B-lactamases and carbapenemases) and
decreased permeability (i.e. mutations in genes encoding outer
membrane proteins). In Lebanon and Iraq, the B-lactamase gene
blagxao3.ike Was the most frequently identified in Acinetobacter
spp. [17,19,21,23,26,27,78]. This increase in blagxao3 suggests hor-
izontal transmission of the gene within various strains of the
species and could be a contributing factor to an increase in car-
bapenem resistance over the years, whereas the carbapenemase
gene blagya_ss.iike Was most commonly identified in carbapenem-
resistant Enterobacteriaceae. Other commonly identified Enter-
obacteriaceae ESBL genes included blacty.w, blargy and blasyy, al-
beit with varying rates of prevalence in Lebanon, Jordan and Iraq
[30-34,37,66,69,74,76,82]. In P. aeruginosa, MBL genes, and more
specifically blayyy, were identified in Lebanon and Iraq although
the prevalence varied between studies [43,44,73,75,80]. Similar re-
sistance genes are observed throughout many countries in the
Middle East, Europe and Asia, suggesting a far-reaching spread of
these resistance mechanisms and highlighting the need for new
treatments [89-92]. A recent study investigating the use of novel
carbapenem/B-lactamase inhibitor combinations against isolates
containing blagxa_3.jike aNd blagxa_4g-jike geNes demonstrated high
efficacy both in in vitro and in vivo settings, suggesting potential
for future clinical development [93].

Additional factors contributing to AMR, especially in Lebanon
and Iraq, are genetic mutations in several outer membrane pro-
tein genes (oprD, ompC and ompF) found in P. aeruginosa and E.
coli isolates [29,43,44,83]. Mutations in these genes result in de-
creased antimicrobial permeability as well as increased ESBL pro-
duction, which is of particular concern because many of the iso-
lates reviewed in this study already harboured high levels of ESBLs
[94].
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Limitations of this review include the variability of methodolo-
gies used to determine AMR, which could result in inconsistencies
across studies reviewed. Additionally, the variability of anatomic
sources used (i.e. urinary, respiratory, blood) may not be directly
comparable. Most of the studies reviewed reported data from uni-
versity hospitals, which have access to advanced molecular test-
ing; thus, the data may be skewed towards certain geographic ar-
eas where testing equipment and resources are readily available.

Understanding phenotypic differences is no longer sufficient
when treating MDR-GNB. Treatments for GNB infections must
delve deeper and consider the genotype of the causative organism
as well as the mechanisms of resistance. Surveillance strategies in
Lebanon, Jordan and Iraq should focus on improved understand-
ing of multidrug resistance and underlying mechanisms of resis-
tance to advance available treatments and inform emerging trends
in these and surrounding countries.

Acknowledgments
Editorial/medical writing support was provided by Lindsey Kirk-

land, PhD, Philippa Jack, PhD, and Emily Stackpole, PhD, of ICON
plc (North Wales, PA, USA) and was funded by Pfizer Inc.

Funding

This study was sponsored by Pfizer Inc.

Competing interests

JAM and MAA are employees of Pfizer and may hold stock or
stock options. RAM and GMM declare no competing interests.

Ethical approval

Not required.



R.A. Moghnieh, J.A. Moussa, M.A. Aziz et al.

References

[1] World Health Organization (WHO) Antibiotic resistance, Geneva, Switzer-
land: WHO; 2020. https://www.who.int/news-room/fact-sheets/detail/
antibiotic-resistance [accessed 7 December 2020].

[2] World Health Organization (WHO) Guidelines for the prevention and control of
carbapenem-resistant Enterobacteriaceae, Acinetobacter baumannii and Pseu-
domonas aeruginosa in health care facilities, Geneva, Switzerland: WHO; 2017.
https://apps.who.int/iris/handle/10665/259462 [accessed 14 September 2021].

[3] Fraimow HS, Tsigrelis C. Antimicrobial resistance in the intensive care unit:
mechanisms, epidemiology, and management of specific resistant pathogens.
Crit Care Clin 2011;27:163-205.

[4] Ruppe E, Woerther PL, Barbier F. Mechanisms of antimicrobial resistance in
Gram-negative bacilli. Ann Intensive Care 2015;5:61.

[5] Exner M, Bhattacharya S, Christiansen B, Gebel ], Goroncy-Bermes P, Harte-
mann P, et al. Antibiotic resistance: what is so special about multidrug-resis-
tant Gram-negative bacteria? GMS Hyg Infect Control 2017;12:Doc05.

[6] Ayukekbong JA, Ntemgwa M, Atabe AN. The threat of antimicrobial resistance
in developing countries: causes and control strategies. Antimicrob Resist Infect
Control 2017;6:47.

[7] Hay SI, Rao PC, Dolecek C, Day NPJ, Stergachis A, Lopez AD, et al. Measur-
ing and mapping the global burden of antimicrobial resistance. BMC Med
2018;16:78.

[8] Jee Y, Carlson ], Rafai E, Musonda K, Huong TTG, Daza P, et al. Antimicrobial
resistance: a threat to global health. Lancet Infect Dis 2018;18:939-40.

[9] Tornimbene B, Eremin S, Escher M, Griskeviciene ], Manglani S, Pessoa-Silva CL.
WHO Global Antimicrobial Resistance Surveillance System early implementa-
tion 2016-17. Lancet Infect Dis 2018;18:241-2.

[10] World Health Organization (WHO). GLASS enrolled countries - Feb 2020.
https://docs.google.com/spreadsheets/d/14QJ4tUfqmS5YF60BOpXZzZffwr6cRlu_
VEZ9_oYfpRA/edit#gid=0 [accessed 19 November 2020].

[11] World Health Organization (WHO) Global priority list of antibiotic-resistant
bacteria to guide research, discovery, and development of new antibiotics,
Geneva, Switzerland: WHO; 2017. http://www.who.int/medicines/publications/
WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1 [accessed 21 August
2018].

[12] Breijyeh Z, Jubeh B, Karaman R. Resistance of Gram-negative bacteria to cur-
rent antibacterial agents and approaches to resolve it. Molecules 2020;25:1340.

[13] Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG,

et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant

bacteria: an international expert proposal for interim standard definitions for
acquired resistance. Clin Microbiol Infect 2012;18:268-81.

Baroud M, Dandache I, Araj GF, Wakim R, Kanj S, Kanafani Z, et al. Un-

derlying mechanisms of carbapenem resistance in extended-spectrum

B-lactamase-producing Klebsiella pneumoniae and Escherichia coli isolates

at a tertiary care centre in Lebanon: role of OXA-48 and NDM-1 carbapene-

mases. Int ] Antimicrob Agents 2013;41:75-9.

Matar GM, Khairallah MT, Dandache I, Sabra A, Mokhbat ]. Further evi-

dence of plasmid-encoded blacrx.v.15 and blargy.; genes in Lebanese isolates

of Salmonella enterica serovar Typhimurium that produce extended-spectrum

B-lactamase. Ann Trop Med Parasitol 2010;104:91-4.

[16] World Health Organization (WHO) Global action plan on antimicrobial resis-
tance, Geneva, Switzerland: WHO; 2015. https://www.who.int/publications/i/
item/9789241509763 [accessed 7 December 2020].

[17] Al Atrouni A, Hamze M, Jisr T, Lemarie C, Eveillard M, Joly-Guillou ML,
et al. Wide spread of OXA-23-producing carbapenem-resistant Acinetobacter
baumannii belonging to clonal complex II in different hospitals in Lebanon. Int
] Infect Dis 2016;52:29-36.

[18] Ballouz T, Aridi ], Afif C, Irani ], Lakis C, Nasreddine R, et al. Risk factors, clinical
presentation, and outcome of Acinetobacter baumannii bacteremia. Front Cell
Infect Microbiol 2017;7:156.

[19] Dahdouh E, Hajjar M, Suarez M, Daoud Z. Acinetobacter baumannii isolated

from Lebanese patients: phenotypes and genotypes of resistance, clonality, and

determinants of pathogenicity. Front Cell Infect Microbiol 2016;6:163.

Hajjar Soudeiha M, Dahdouh E, Daoud Z, Sarkis DK. Phenotypic and geno-

typic detection of S-lactamases in Acinetobacter spp. isolates recovered

from Lebanese patients over a 1-year period. J Glob Antimicrob Resist
2018;12:107-12.

Hammoudi D, Moubareck CA, Hakime N, Houmani M, Barakat A, Naj-

jar Z, et al. Spread of imipenem-resistant Acinetobacter baumannii co-ex-

pressing OXA-23 and GES-11 carbapenemases in Lebanon. Int ] Infect Dis
2015;36:56-61.

Kanafani ZA, Zahreddine N, Tayyar R, Sfeir ], Araj GF, Matar GM, et al. Multi-

-drug resistant Acinetobacter species: a seven-year experience from a tertiary

care center in Lebanon. Antimicrob Resist Infect Control 2018;7:9.

[23] Kanj SS, Tayyar R, Shehab M, El-Hafi B, Rasheed SS, Kissoyan KAB, et al. In-
creased blagyao3.ike Prevalence in Acinetobacter baumannii at a tertiary care
center in Lebanon (2007-2013). ] Infect Dev Ctries 2018;12:228-34.

[24] Makke G, Bitar I, Salloum T, Panossian B, Alousi S, Arabaghian H,
et al. Whole-genome-sequence-based characterization of extensively drug-re-
sistant Acinetobacter baumannii hospital outbreak. mSphere 2020;5:e00934.

[25] Moghnieh R, Siblani L, Ghadban D, El Mchad H, Zeineddine R, Abdallah D,
et al. Extensively drug-resistant Acinetobacter baumannii in a Lebanese inten-
sive care unit: risk factors for acquisition and determination of a colonization
score. ] Hosp Infect 2016;92:47-53.

[14]

[15]

(20]

(21]

[22]

198

Journal of Global Antimicrobial Resistance 27 (2021) 175-199

[26] Rafei R, Pailhories H, Hamze M, Eveillard M, Mallat H, Dabboussi F,
et al. Molecular epidemiology of Acinetobacter baumannii in different hospitals
in Tripoli, Lebanon using blaoxa.si-iie S€quence based typing. BMC Microbiol
2015;15:103.

Nawfal Dagher T, Al-Bayssari C, Chabou S, Antar N, Diene SM, Azar E, et al. In-

vestigation of multidrug-resistant ST2 Acinetobacter baumannii isolated from

Saint George Hospital in Lebanon. BMC Microbiol 2019;19:29.

Christophy R, Osman M, Mallat H, Achkar M, Ziedeh A, Moukaddem W,

et al. Prevalence, antibiotic susceptibility and characterization of antibiotic re-

sistant genes among carbapenem-resistant Gram-negative bacilli and yeast in
intestinal flora of cancer patients in North Lebanon. ] Infect Public Health
2017;10:716-20.

Dagher C, Salloum T, Alousi S, Arabaghian H, Araj GF, Tokajian S. Molecular

characterization of carbapenem resistant Escherichia coli recovered from a ter-

tiary hospital in Lebanon. PLoS One 2018;13:e0203323.

[30] Daoud Z, Salem Sokhn E, Masri K, Matar GM, Doron S. Escherichia coli isolated

from urinary tract infections of Lebanese patients between 2005 and 2012:

epidemiology and profiles of resistance. Front Med (Lausanne) 2015;2:26.

Daoud Z, Salem-Sokhn E, Dahdouh E, Irani |, Matar GM, Doron S. Resistance

and clonality in Escherichia coli and Klebsiella spp. and relationship with an-

tibiotic consumption in major Lebanese hospitals. ] Glob Antimicrob Resist
2017;11:45-51.

Ghaddar N, Anastasiadis E, Halimeh R, Ghaddar A, Matar GM, Abou

Fayad A, et al. Phenotypic and genotypic characterization of extended-spec-

trum S-lactamases produced by Escherichia coli colonizing pregnant women.

Infect Dis Obstet Gynecol 2020;2020:4190306.

Halimeh FB, Rafei R, Diene S, Mikhael M, Mallat H, Achkar M, et al. Challenges

in identification of enteroinvasive Escherichia coli and Shigella spp. in Lebanon.

Acta Microbiol Immunol Hung 2020;67:100-6. doi:10.1556/030.2020.01102.

[34] Hajj A, Adaime A, Hayajneh W, Abdallah A, Itani T, Hakime N, et al. Post Syrian
war impact on susceptibility rates and trends in molecular characterization of
Enterobacteriaceae. Future Microbiol 2018;13:1419-30.

[35] Hanna-Wakim RH, Ghanem ST, El Helou MW, Khafaja SA, Shaker RA, Has-
san SA, et al. Epidemiology and characteristics of urinary tract infections in
children and adolescents. Front Cell Infect Microbiol 2015;5:45.

[36] Kanafani ZA, Kmeid ], Nawar T, Assaf SM, Zahreddine N, Kanj SS. Retrospective

case series of infections caused by carbapenem-resistant Enterobacteriaceae at

a tertiary care centre in Lebanon. Int ] Antimicrob Agents 2016;47:415-16.

Kanafani ZA, Fadlallah SM, Assaf S, Anouti K, Kissoyan KAB, Sfeir ], et al. Sites

of colonization in hospitalized patients with infections caused by extend-

ed-spectrum S-lactamase organisms: a prospective cohort study. Antimicrob

Resist Infect Control 2017;6:46.

Moghnieh R, Estaitieh N, Mugharbil A, Jisr T, Abdallah DI, Ziade F, et al. Third

generation cephalosporin resistant Enterobacteriaceae and multidrug resistant

Gram-negative bacteria causing bacteremia in febrile neutropenia adult cancer

patients in Lebanon, broad spectrum antibiotics use as a major risk factor, and

correlation with poor prognosis. Front Cell Infect Microbiol 2015;5:11.

Nawfal Dagher T, Al-Bayssari C, Chabou S, Baron S, Hadjadj L, Diene SM,

et al. Intestinal carriage of colistin resistant Enterobacteriaceae at Saint

Georges Hospital in Lebanon. ] Glob Antimicrob Resist 2020;21:386-90.

Nawfal Dagher T, Azar E, Al-Bayssari C, Chamieh AS, Rolain JM. First de-

tection of colistin-resistant Klebsiella pneumoniae in association with NDM-5

carbapenemase isolated from clinical Lebanese patients. Microb Drug Resist
2019;25:925-30.

Okdah L, Leangapichart T, Hadjadj L, Olaitan AO, Al-Bayssari C, Rizk R,

et al. First report of colistin-resistant Klebsiella pneumoniae clinical isolates in

Lebanon. ] Glob Antimicrob Resist 2017;9:15-16.

[42] El Kary N, El Rassy E, Azar N, Choucair ]. Ciprofloxacin and imipenem resis-
tance and cross-resistance in Pseudomonas aeruginosa: a single institution ex-
perience. Am ] Infect Control 2016;44:1736-7.

[43] Nawfal Dagher T, Al-Bayssari C, Diene SM, Azar E, Rolain JM. Emergence of

plasmid-encoded VIM-2-producing Pseudomonas aeruginosa isolated from clin-

ical samples in Lebanon. New Microbes New Infect 2019;29:100521.

Yaghi J, Fattouh N, Akkawi C, El Chamy L, Maroun RG, Khalil G. Unusually high

prevalence of cosecretion of Ambler class A and B carbapenemases and nonen-

zymatic mechanisms in multidrug-resistant clinical isolates of Pseudomonas
aeruginosa in Lebanon. Microb Drug Resist 2020;26:150-9.

Awad LS, Abdallah DI, Mugharbil AM, Jisr TH, Droubi NS, El-Rajab NA, et al. An

antibiotic stewardship exercise in the ICU: building a treatment algorithm for

the management of ventilator-associated pneumonia based on local epidemi-
ology and the 2016 Infectious Diseases Society of America/American Thoracic

Society guidelines. Infect Drug Resist 2018;11:17-28.

Bourgi ], Said JM, Yaakoub C, Atallah B, Al Akkary N, Sleiman Z, et al. Bacterial

infection profile and predictors among patients admitted to a burn care center:

a retrospective study. Burns 2020;46:1968-76. doi:10.1016/j.burns.2020.05.004.

Hayajneh WA, Hajj A, Hulliel F, Sarkis DK, Irani-Hakimeh N, Kazan L, et al. Sus-

ceptibility trends and molecular characterization of Gram-negative bacilli as-

sociated with urinary tract and intra-abdominal infections in Jordan and

Lebanon: SMART 2011-2013. Int ] Infect Dis 2015;35:56-61.

Ismail A, El-Hage-Sleiman AK, Majdalani M, Hanna-Wakim R, Kanj S,

Sharara-Chami R. Device-associated infections in the pediatric intensive care

unit at the American University of Beirut Medical Center. | Infect Dev Ctries

2016;10:554-62.

[49] Jouhar L, Jaafar RF, Nasreddine R, Itani O, Haddad F, Rizk N, et al. Microbio-
logical profile and antimicrobial resistance among diabetic foot infections in
Lebanon. Int Wound ] 2020;17:1764-73. doi:10.1111/iwj.13465.

[27]

[28]

[29]

(31]

[32]

(33]

[37]

[38]

[39]

[40]

[41]

[44]

[45]

[46]

[47]

(48]


https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://apps.who.int/iris/handle/10665/259462
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0006
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0006
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0006
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0006
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0009
http://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0012
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0012
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0012
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0012
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0013
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0013
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0013
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0013
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0013
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0013
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0013
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0013
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0014
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0014
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0014
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0014
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0014
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0014
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0014
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0014
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0015
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0015
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0015
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0015
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0015
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0015
https://www.who.int/publications/i/item/9789241509763
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0017
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0017
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0017
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0017
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0017
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0017
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0017
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0017
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0018
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0018
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0018
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0018
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0018
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0018
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0018
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0018
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0019
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0019
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0019
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0019
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0019
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0020
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0020
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0020
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0020
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0020
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0021
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0021
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0021
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0021
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0021
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0021
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0021
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0021
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0022
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0022
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0022
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0022
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0022
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0022
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0022
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0022
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0023
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0023
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0023
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0023
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0023
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0023
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0023
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0023
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0024
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0024
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0024
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0024
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0024
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0024
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0024
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0024
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0025
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0025
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0025
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0025
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0025
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0025
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0025
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0025
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0026
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0026
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0026
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0026
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0026
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0026
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0026
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0026
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0027
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0027
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0027
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0027
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0027
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0027
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0027
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0027
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0028
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0028
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0028
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0028
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0028
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0028
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0028
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0028
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0029
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0029
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0029
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0029
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0029
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0029
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0029
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0030
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0030
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0030
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0030
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0030
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0030
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0031
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0031
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0031
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0031
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0031
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0031
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0031
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0032
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0032
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0032
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0032
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0032
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0032
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0032
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0032
https://doi.org/10.1556/030.2020.01102
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0034
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0034
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0034
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0034
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0034
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0034
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0034
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0034
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0035
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0035
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0035
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0035
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0035
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0035
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0035
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0035
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0036
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0036
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0036
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0036
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0036
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0036
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0036
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0037
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0037
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0037
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0037
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0037
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0037
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0037
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0037
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0038
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0038
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0038
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0038
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0038
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0038
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0038
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0038
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0039
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0039
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0039
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0039
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0039
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0039
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0039
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0039
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0040
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0040
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0040
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0040
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0040
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0040
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0041
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0041
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0041
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0041
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0041
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0041
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0041
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0041
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0042
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0042
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0042
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0042
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0042
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0043
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0043
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0043
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0043
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0043
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0043
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0044
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0044
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0044
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0044
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0044
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0044
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0044
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0045
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0045
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0045
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0045
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0045
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0045
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0045
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0045
https://doi.org/10.1016/j.burns.2020.05.004
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0047
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0047
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0047
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0047
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0047
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0047
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0047
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0047
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0048
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0048
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0048
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0048
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0048
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0048
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0048
https://doi.org/10.1111/iwj.13465

R.A. Moghnieh, J.A. Moussa, M.A. Aziz et al.

[50] Moghnieh RA, Abdallah DI, Fawaz IA, Hamandi T, Kassem M, El-Rajab N,
et al. Prescription patterns for tigecycline in severely ill patients for non-FDA
approved indications in a developing country: a compromised outcome. Front
Microbiol 2017;8:497.

[51] Chamieh A, El-Hajj G, Zmerli O, Afif C, Azar E. Carbapenem resistant organ-
isms: a 9-year surveillance and trends at Saint George University Medical Cen-
ter. ] Infect Public Health 2020;13:2101-6.

[52] Chamoun K, Farah M, Araj G, Daoud Z, Moghnieh R, Salameh P, et al. Surveil-

lance of antimicrobial resistance in Lebanese hospitals: retrospective nation-

wide compiled data. Int ] Infect Dis 2016;46:64-70.

Hammoudi D, Moubareck CA, Kanso A, Nordmann P, Sarkis DK. Surveillance

of carbapenem non-susceptible Gram negative strains and characterization of

carbapenemases of classes A, B and D in a Lebanese hospital. ] Med Liban
2015;63:66-73.

Hammoudi Halat D, Moubareck CA, Sarkis DK. Heterogeneity of carbapenem

resistance mechanisms among Gram-negative pathogens in Lebanon: re-

sults of the first cross-sectional countrywide study. Microb Drug Resist
2017;23:733-43.

Matta R, Hallit S, Hallit R, Bawab W, Rogues AM, Salameh P. Epidemiology and

microbiological profile comparison between community and hospital acquired

infections: a multicenter retrospective study in Lebanon. ] Infect Public Health
2018;11:405-11.

Moghnieh R, Araj GF, Awad L, Daoud Z, Mokhbat JE, Jisr T, et al. A compila-

tion of antimicrobial susceptibility data from a network of 13 Lebanese hospi-

tals reflecting the national situation during 2015-2016. Antimicrob Resist In-

fect Control 2019;8:41.

Al-Lawama M, Aljbour H, Tanash A, Badran E. Intravenous colistin in the treat-

ment of multidrug-resistant Acinetobacter in neonates. Ann Clin Microbiol An-

timicrob 2016;15:8.

[58] Almomani BA, McCullough A, Gharaibeh R, Samrah S, Mahasneh F. Incidence

and predictors of 14-day mortality in multidrug-resistant Acinetobacter bau-

mannii in ventilator-associated pneumonia. ] Infect Dev Ctries 2015;9:1323-30.

Batarseh A, Al-Sarhan A, Maayteh M, Al-Khatirei S, Alarmouti M. Antibiogram

of multidrug resistant Acinetobacter baumannii isolated from clinical specimens

at King Hussein Medical Centre, Jordan: a retrospective analysis. East Mediterr

Health ] 2016;21:828-34.

El-Khatib L, Al-Dalain S, Al-Matarneh R, Al-Bustanji S, Al-Dmour M, Al-

Amarin Y, et al. Prevalence of multi-drug resistant Acinetobacter bauman-

nii (MDRAB) in Amman Jordan during 2018. Infect Disord Drug Targets

2021;21:105-11. doi:10.2174/1871526519666191211144344.

Nazer LH, Kharabsheh A, Rimawi D, Mubarak S, Hawari F. Characteristics and

outcomes of Acinetobacter baumannii infections in critically ill patients with

cancer: a matched case-control study. Microb Drug Resist 2015;21:556-61.

Nazer LH, Rihani S, Hawari FI, Le ]. High-dose colistin for microbiologically

documented serious respiratory infections associated with carbapenem-resis-

tant Acinetobacter baumannii in critically ill cancer patients: a retrospective co-
hort study. Infect Dis (Lond) 2015;47:755-60.

Albaramki JH, Abdelghani T, Dalaeen A, Khdair Ahmad F, Alassaf A,

Odeh R, et al. Urinary tract infection caused by extended-spectrum

B-lactamase-producing bacteria: risk factors and antibiotic resistance. Pediatr

Int 2019;61:1127-32.

Almomani BA, Hayajneh WA, Ayoub AM, Ababneh MA, Al Momani MA. Clinical

patterns, epidemiology and risk factors of community-acquired urinary tract

infection caused by extended-spectrum B-lactamase producers: a prospective
hospital case-control study. Infection 2018;46:495-501.

Al-Tamimi M, Abu-Raideh ], Albalawi H, Shalabi M, Saleh S. Effective oral com-

bination treatment for extended-spectrum pB-lactamase-producing Escherichia

coli. Microb Drug Resist 2019;25:1132-41.

[66] Aqel AA, Giakkoupi P, Alzoubi H, Masalha I, Ellington M], Vatopoulos A. Detec-
tion of OXA-48-like and NDM carbapenemases producing Klebsiella pneumo-
niae in Jordan: a pilot study. J Infect Public Health 2017;10:150-5.

[67] Agel AA, Findlay ], Al-Maayteh M, Al-Kaabneh A, Hopkins KL, Alzoubi H,
et al. Characterization of carbapenemase-producing Enterobacteriaceae from
patients in Amman, Jordan. Microb Drug Resist 2018;24:1121-7.

[68] Yusef D, Jahmani T, Kailani S, Al-Rawi R, Khasawneh W, Almomani M. Commu-
nity-acquired serious bacterial infections in the first 90 days of life: a revisit
in the era of multi-drug-resistant organisms. World ] Pediatr 2019;15:580-5.

[69] Al Dawodeyah HY, Obeidat N, Abu-Qatouseh LF, Shehabi AA. Antimicrobial re-
sistance and putative virulence genes of Pseudomonas aeruginosa isolates from
patients with respiratory tract infection. Germs 2018;8:31-40.

[70] Hirmas N, Mubarak S, Sultan I. Patterns of microbial growth in urine cultures

in a pediatric hematology/oncology unit over a one-year period: a single insti-

tution study. Int ] Pediatr Adolesc Med 2017;4:95-9.

Yusef D, Shalakhti T, Awad S, Algharaibeh H, Khasawneh W. Clinical charac-

teristics and epidemiology of sepsis in the neonatal intensive care unit in the

era of multi-drug resistant organisms: a retrospective review. Pediatr Neonatol
2018;59:35-41.

Al Marjania MF, Kouhsari E, Ali FS, Authman SH. Evaluation of type II toxin-

antitoxin systems, antibiotic resistance profiles, and biofilm quorum sensing

genes in Acinetobacter baumannii isolates in Iraq. Infect Disord Drug Targets
2021;21:180-6. doi:10.2174/1871526520666200525170318.

[53]

[54]

[55]

[56]

[57]

[59]

(60]

[61]

[62]

[63]

[64]

[65]

[71]

[72]

199

Journal of Global Antimicrobial Resistance 27 (2021) 175-199

[73] Al-Charrakh ~ AH, Al-Awadi S], Mohammed AS. Detection of
metallo-S-lactamase producing Pseudomonas aeruginosa isolated from public
and private hospitals in Baghdad, Iraq. Acta Med Iran 2016;54:107-13.

[74] Aljanaby AAJ], Alhasnawi HMR]. Phenotypic and molecular characterization
of multidrug resistant Klebsiella pneumoniae isolated from different clinical
sources in Al-Najaf Province-Iraq. Pak ] Biol Sci 2017;20:217-32.

[75] Al-Khudhairy MK, MMM Al-Shammari. Prevalence of
metallo-B-lactamase-producing Pseudomonas aeruginosa isolated from di-
abetic foot infections in Iraq. New Microbes New Infect 2020;35:100661.

[76] Al-Mayahie S, Al Kuriashy ]J. Distribution of ESBLs among Escherichia coli iso-
lates from outpatients with recurrent UTIs and their antimicrobial resistance. ]
Infect Dev Ctries 2016;10:575-83.

[77] Al-Nagshbandi AA, Chawsheen MA, Abdulgader HH. Prevalence and antimi-
crobial susceptibility of bacterial pathogens isolated from urine specimens re-
ceived in Rizgary Hospital - Erbil. ] Infect Public Health 2019;12:330-6.

[78] Ganjo AR, Maghdid DM, Mansoor 1Y, Kok DJ, Severin JA, Verbrugh HA,
et al. OXA-carbapenemases present in clinical Acinetobacter baumannii-cal-
coaceticus complex isolates from patients in Kurdistan Region. Iraq. Microb
Drug Resist 2016;22:627-37.

[79] Hussein NH. Emergence of NDM-1 among carbapenem-resistant Klebsiella
pneumoniae in Iraqi hospitals. Acta Microbiol Immunol Hung 2018;65:211-27.

[80] Ismail SJ, Mahmoud SS. First detection of New Delhi metallo-S-lactamases

variants (NDM-1, NDM-2) among Pseudomonas aeruginosa isolated from Iraqi

hospitals. Iran ] Microbiol 2018;10:98-103.

Majeed HT, Aljanaby AAJ. Antibiotic susceptibility patterns and prevalence of

some extended spectrum pB-lactamases genes in Gram-negative bacteria iso-

lated from patients infected with urinary tract infections in Al-Najaf City. Iraq.

Avicenna ] Med Biotechnol 2019;11:192-201.

Pishtiwan AH, Khadija KM. Prevalence of blargy, blasyy, and blacrx.m genes

among ESBL-producing Klebsiella pneumoniae and Escherichia coli isolated

from thalassemia patients in Erbil. Iraq. Mediterr J Hematol Infect Dis
2019;11:e2019041.

van Burgh S, Maghdid DM, Ganjo AR, Mansoor 1Y, Kok DJ, Fatah MH, et al. PME

and other ESBL-positive multiresistant Pseudomonas aeruginosa isolated from

hospitalized patients in the region of Kurdistan. Iraq. Microb Drug Resist
2019;25:32-8.

Le Doare K, Bielicki J, Heath PT, Sharland M. Systematic review of antibiotic

resistance rates among Gram-negative bacteria in children with sepsis in re-

source-limited countries. ] Pediatric Infect Dis Soc 2015;4:11-20.

Moghnieh R, Awad L, Abdallah D, Jadayel M, Sinno L, Tamim H, et al. Effect

of a ‘handshake’ stewardship program versus a formulary restriction policy

on high-end antibiotic use, expenditure, antibiotic resistance, and patient out-
come. ] Chemother 2020;32:368-84.

Katchanov |, Asar L, Klupp EM, Both A, Rothe C, Konig C, et al. Carbapen-

em-resistant Gram-negative pathogens in a German university medical center:

prevalence, clinical implications and the role of novel B-lactam/B-lactamase
inhibitor combinations. PLoS One 2018;13:e0195757.

Dandachi I, Chaddad A, Hanna ], Matta ], Daoud Z. Understanding the epidemi-

ology of multi-drug resistant Gram-negative bacilli in the Middle East using a

One Health approach. Front Microbiol 2019;10:1941.

European Centre for Disease Prevention and Control (ECDC) Surveillance of

antimicrobial resistance in Europe 2018, Stockholm, Sweden: ECDC; 2019.

https://[www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-

resistance-europe-2018#:~:text=faecium%2C%20as%20high%20percentages

%20were,challenge%20in%20the%20EU%2FEEA [accessed 7 December 2020].

Matar GM, Dandache I, Carrer A, Khairallah MT, Nordmann P, Sabra A,

et al. Spread of OXA-48-mediated resistance to carbapenems in Lebanese

Klebsiella pneumoniae and Escherichia coli that produce extended spectrum

B-lactamase. Ann Trop Med Parasitol 2010;104:271-4.

[90] Benouda A, Touzani O, Khairallah MT, Araj GF, Matar GM. First detection of
oxacillinase-mediated resistance to carbapenems in Klebsiella pneumoniae from
Morocco. Ann Trop Med Parasitol 2010;104:327-30.

[91] Kuo SC, Huang WC, Huang TW, Wang HY, Lai JF, Chen TL, et al. Molecular

epidemiology of emerging blapya»3-jike- and blaoxa-p4-iike-carrying Acinetobacter

baumannii in Taiwan. Antimicrob Agents Chemother 2018;62:e01215-17.

Ojdana D, Sacha P, Wieczorek P, Czaban S, Michalska A, Jaworowska ], et al.

The occurrence of blacrx.w, blasyy, and blargy genes in extended-spectrum S-

lactamase-positive strains of Klebsiella pneumoniae, Escherichia coli, and Proteus

mirabilis in Poland. Int ] Antibiot 2014;2014:935842. doi:10.1155/2014/935842.

El Hafi B, Rasheed SS, Abou Fayad AG, Araj GF, Matar GM. Evaluating the

efficacies of carbapenem/S-lactamase inhibitors against carbapenem-resistant

Gram-negative bacteria in vitro and in vivo. Front Microbiol 2019;10:933.

Tangden T, Adler M, Cars O, Sandegren L, Lowdin E. Frequent emergence of

porin-deficient subpopulations with reduced carbapenem susceptibility in ES-

BL-producing Escherichia coli during exposure to ertapenem in an in vitro phar-

macokinetic model. ] Antimicrob Chemother 2013;68:1319-26.

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[92]

[93]

[94]


http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0050
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0050
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0050
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0050
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0050
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0050
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0050
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0050
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0051
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0051
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0051
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0051
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0051
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0051
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0052
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0052
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0052
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0052
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0052
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0052
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0052
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0052
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0053
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0053
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0053
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0053
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0053
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0053
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0054
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0054
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0054
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0054
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0055
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0055
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0055
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0055
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0055
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0055
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0055
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0056
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0056
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0056
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0056
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0056
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0056
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0056
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0056
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0057
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0057
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0057
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0057
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0057
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0058
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0058
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0058
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0058
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0058
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0058
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0059
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0059
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0059
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0059
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0059
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0059
https://doi.org/10.2174/1871526519666191211144344
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0061
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0061
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0061
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0061
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0061
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0061
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0062
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0062
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0062
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0062
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0062
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0063
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0063
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0063
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0063
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0063
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0063
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0063
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0063
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0064
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0064
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0064
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0064
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0064
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0064
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0065
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0065
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0065
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0065
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0065
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0065
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0066
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0066
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0066
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0066
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0066
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0066
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0066
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0067
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0067
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0067
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0067
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0067
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0067
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0067
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0067
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0068
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0068
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0068
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0068
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0068
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0068
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0068
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0069
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0069
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0069
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0069
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0069
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0070
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0070
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0070
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0070
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0071
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0071
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0071
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0071
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0071
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0071
https://doi.org/10.2174/1871526520666200525170318
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0073
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0073
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0073
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0073
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0074
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0074
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0074
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0075
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0075
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0075
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0076
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0076
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0076
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0077
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0077
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0077
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0077
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0078
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0078
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0078
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0078
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0078
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0078
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0078
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0078
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0079
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0079
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0080
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0080
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0080
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0081
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0081
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0081
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0082
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0082
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0082
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0083
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0083
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0083
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0083
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0083
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0083
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0083
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0083
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0084
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0084
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0084
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0084
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0084
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0085
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0085
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0085
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0085
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0085
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0085
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0085
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0085
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0086
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0086
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0086
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0086
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0086
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0086
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0086
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0086
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0087
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0087
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0087
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0087
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0087
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0087
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0088
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0089
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0089
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0089
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0089
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0089
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0089
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0089
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0089
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0090
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0090
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0090
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0090
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0090
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0090
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0091
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0091
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0091
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0091
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0091
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0091
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0091
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0091
https://doi.org/10.1155/2014/935842
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0093
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0093
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0093
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0093
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0093
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0093
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0094
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0094
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0094
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0094
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0094
http://refhub.elsevier.com/S2213-7165(21)00198-3/sbref0094

	Phenotypic and genotypic characterisation of cephalosporin-, carbapenem- and colistin-resistant Gram-negative bacterial pathogens in Lebanon, Jordan and Iraq
	1 Introduction
	2 Methods
	3 Results
	3.1 Studies in Lebanon
	3.1.1 Resistance of Acinetobacter baumannii
	3.1.2 Resistance of Enterobacteriaceae
	3.1.3 Resistance of Pseudomonas aeruginosa
	3.1.4 Resistance in multiple bacteria

	3.2 Studies in Jordan
	3.2.1 Resistance of Acinetobacter spp
	3.2.2 Resistance of Enterobacteriaceae
	3.2.3 Resistance of Pseudomonas aeruginosa
	3.2.4 Resistance in multiple bacteria

	3.3 Studies in Iraq
	3.3.1 Resistance of Acinetobacter spp
	3.3.2 Resistance of Enterobacteriaceae
	3.3.3 Resistance of Pseudomonas aeruginosa
	3.3.4 Resistance in multiple bacteria


	4 Discussion
	Acknowledgments
	Funding
	Competing interests
	Ethical approval
	References


