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Carbapenem resistance in Enterobacteriaceae, Acinetobacter baumannii and Pseudomonas aeruginosa is in-
creasing worldwide, which has led the World Health Organization (WHO) to list these bacteria in the
critical priority pathogens group. Infections by such pathogens pose a serious threat to hospitalised pa-
tients and are associated with clinical and economic consequences. What worsens the case is the weak
pipeline of available antimicrobial agents to treat such infections and the absence of new drugs. The aim
of this review was to shed light on all studies tackling carbapenem resistance in Enterobacteriaceae, A.
baumannii and P. aeruginosa in the Eastern Mediterranean region, with indication for each country, de-
scription of studies timeline, prevalence of carbapenem resistance, and carbapenem resistance-encoding
genes detected in these countries.

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial

Chemotherapy.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Antimicrobial resistance in Gram-negative bacilli has been in-
creasing worldwide in the last decade, accompanied by a lack of
available functional antimicrobial agents and the absence of novel
ones. Such resistance is associated with significant clinical and eco-
nomic consequences, including longer hospital stay, higher antimi-
crobial and hospital costs, and increased mortality rates [1,2].

In the World Health Organization’s (WHO'’s) Global Prior-
ity Pathogens List, carbapenem-resistant Acinetobacter baumannii
(CRAB), carbapenem-resistant Pseudomonas aeruginosa (CRPA) and
carbapenem-resistant Enterobacteriaceae (CRE) were listed in the
critical priority pathogens group. This indicates the urgent need to
develop novel antimicrobials to combat the spread of resistance
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and to overcome the severity of nosocomial infections, knowing
that they are causative agents in one-third of acute-care nosoco-
mial infections. CRAB is the most prevalent carbapenem-resistant
organism worldwide associated with hospital-acquired infections,
followed by CRPA [1,3]. Moreover, increased mortality has been as-
sociated with carbapenem-resistant Gram-negative bacteria com-
pared with carbapenem-susceptible isolates [1].

Among the CRE, carbapenem-resistant Klebsiella pneumoniae is
the most prevalent species, in which expression of carbapene-
mase genes such as blagxa.4g, blaypm and others determines its
resistance, in addition to resistance mechanisms due to other
B-lactamases, outer membrane impermeability and efflux pumps
[4]. Carbapenem resistance in A. baumannii reported coexisting
mechanisms, with the major mechanism being expression of -
lactamases especially carbapenemases encoded by blagys.s; and
blagxa-p3 that are unique to A. baumannii, in addition to per-
meability and target modifications [5]. On the other hand, car-
bapenem resistance in P. aeruginosa is mainly due to permeabil-
ity modification, in addition to the contribution of carbapenemases
and overexpression of efflux pumps [6]. In 2018, Moghnieh et al.
published a review discussing third-generation cephalosporin-

2213-7165/© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial Chemotherapy. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.jgar.2021.02.033
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jgar
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jgar.2021.02.033&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:aa328@aub.edu.lb
mailto:gmatar@aub.edu.lb
https://doi.org/10.1016/j.jgar.2021.02.033
http://creativecommons.org/licenses/by-nc-nd/4.0/

A. Sleiman, A.G.A. Fayad, H. Banna et al.

Occupied

TERsia Palestinian

Morocco

Libya
Egypt

Sudan

territory w(:n
@)

Journal of Global Antimicrobial Resistance 25 (2021) 209-221

Jordan

Syria Afghanistan
Irag Iran
% Pakistan
Kuwait
~N
Saudi Bahrain
udi
Arabia UAE Qatar
Oman
Yemen
Djibouti
Somalia

Fig. 1. Geographic distribution of the countries listed in the Eastern Mediterranean region [193].

resistant Enterobacteriaceae, CRE, CRPA, CRAB, fluoroquinolone-
resistant Salmonella spp., methicillin-resistant Staphylococcus aureus
(MRSA) and penicillin-non-susceptible Streptococcus pneumoniae in
the countries of the Arab League [7]. However, in the current re-
view our aim is to highlight carbapenem resistance in Enterobac-
teriaceae, A. baumannii and P. aeruginosa in the Eastern Mediter-
ranean Region (Fig. 1), including a full description of the studies
timeline, prevalence of carbapenem resistance, and the molecular
epidemiology of resistance-encoding genes in each country.

2. Methodology

A systematic literature review was performed using the
PubMed, Scopus and Google Scholar databases to identify stud-
ies and articles discussing carbapenem resistance in Enterobacteri-
aceae, A. baumannii and P. aeruginosa in the Eastern Mediterranean
Region. Moreover, the selection criteria of literature were based on
selecting articles published in peer-reviewed journals between Jan-
uary 2010 and August 2020.

3. Carbapenem-resistant Enterobacteriaceae
3.1. Lebanon

The year 2008 witnessed the isolation of the first S-lactamase-
mediated carbapenem resistance in Enterobacteriaceae in Lebanon,
where a K. pneumoniae harbouring the blagxa.4g gene was iso-
lated [8]. In 2012, 102 (1.2%) of 8717 Enterobacteriaceae isolates
were carbapenem-resistant, and 31 (70.5%) of the 44 tested iso-
lates harboured the blagxa.4g gene [9]. Furthermore, in a study
in 2014 aimed at determining the prevalence of intestinal car-
riage of carbapenem-resistant bacteria in cancer patients receiving
chemotherapy at a hospital in Tripoli, 9 (22.0%) of the 41 patients
tested were carriers of CRE [10]. In another study, of 130 isolates
(76 Escherichia coli and 54 K. pneumoniae) collected between 2008-
2014 at a tertiary-care centre, 36% harboured the blagxa.4g gene
and 24% harboured the blaypy.1 gene. Moreover, the prevalence of
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CRE at this centre increased from 0% in 2008 to 1% in E. coli and
4% in K. pneumoniae [11]. A CRE prevalence of 3% was detected be-
tween 2015-2016 in a study analysing antibiotic susceptibility data
from 13 hospitals [12]. Over the period 2015-2017, a total of 6103
Gram-negative isolates were recovered from two hospitals located
in the north of the country. Antimicrobial susceptibility testing re-
sults showed that the prevalence of CRE increased from 1.7% in
2015 to 1.71% in 2016 and 5.19% in 2017 [13]. Moreover, several
studies were performed at the molecular level on either one or a
small group of CRE isolates and the data have shown a wide vari-
ety of carbapenem resistance genes detected in these isolates, in-
Cllldi[lg blaOXA,]g] [14], blaNDM,S [15] and blaNDMq [16]

3.2. Egypt

In 2013, a study at Cairo University Hospital aimed to charac-
terise carbapenem resistance genes among Gram-negative bacilli
isolated from patients in the intensive care unit (ICU). Of the
111 Enterobacteriaceae isolates, 14 (12.6%) were CRE, of which 9
(64.3%) harboured the blagya-4g3 gene and 4 (28.6%) harboured the
blaypyv-1 gene [17]. In the same year, 12 isolates (11.3%) were re-
ported as CRE among 106 Enterobacteriaceae isolates recovered
from retail chicken meat samples, and the blaypy gene was har-
boured by all 12 isolates [18]. In a study performed between 2013-
2015, 42 (19.5%) of 215 Gram-negative bacteria collected from pa-
tients admitted to the department of general surgery at Sohag Uni-
versity Hospital were CRE [19]. Moreover, between 2014-2016, a
total of 171 Enterobacteriaceae isolates were obtained from the
bacteriology unit of a cancer centre and a worrying 113 isolates
(66.1%) were recorded as CRE. Genotypic testing of 32 isolates re-
vealed the presence of blagxa-4g, blanpm, blayyy and blagpc genes
[20]. Between September 2015 and February 2016, a study was
performed aiming to evaluate faecal colonisation by CRE in chil-
dren admitted to Cairo University paediatric ICUs, which led to
the collection of 413 Enterobacteriaceae isolates. Of these isolates,
100 (24.2%) were CRE, and the blagxa.4g gene was detected in 33%
of these isolates while 27% were shown to harbour the blaypp.1
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gene [21]. Moreover, 135 Enterobacteriaceae isolates were recov-
ered from patients admitted to several cancer institutes in Cairo
between 2016-2017. In total, 93 (68.9%) of these isolates were CRE
and genotypic analysis revealed that blaypy was the most preva-
lent gene, followed by blagya_4s, blagxa-o3 and blagpc [22]. In 2017,
30 (30.0%) of 100 Enterobacteriaceae isolates collected from pa-
tients admitted to Egypt Children’s Hospital were CRE. The most
dominant gene in these 30 CRE isolates was blayyy (90%), followed
by blanpm-1 (23.3%) and blagpc (10%) [23]. An epidemiological
study was performed to determine the prevalence of CRE between
2011-2017 in ICUs of Egyptian hospitals reporting to the national
healthcare-associated infections surveillance system. In this period,
871 (54.5%) of the 1598 Enterobacteriaceae isolates reported were
CRE [24]. Furthermore, several studies were performed that led to
the identification of the following genes: blagxa-163 [25]; blaoxa-181
[26], blaNDM,5 [26,27], bla\/lm_z [28], blaVIM,4 [29], and bla]Mp_4
[28].

3.3. Saudi Arabia

In 2012, a total of 1870 Enterobacteriaceae isolates were re-
covered from patients in King Khaled General Hospital, 82 (4.4%)
of which were CRE [30]. Between 2012-2015, a study was per-
formed at Al-Noor Specialist Hospital in Makkah City to determine
the prevalence of carbapenem resistance among Gram-negative
bacteria. In total, 2159 Enterobacteriaceae isolates were collected,
of which 515 (23.9%) were CRE. Furthermore, the yearly detailed
prevalence of CRE was 144 (18.9%) in 2013, 184 (26.9%) in 2014
and 187 (26.2%) in 2015 [31]. In 2015, 15 (5.8%) of 260 K. pneu-
moniae isolates collected from five different hospitals in Makkah
were CRE [32]. In 2017, 26 (21.7%) of 120 Enterobacteriaceae iso-
lates recovered from four tertiary-care hospitals in Makkah were
CRE. Moreover, genotypic testing results led to the detection of
blagxa-4g, blanpm-1 and blagpc genes distributed among the isolates
[33]. Furthermore, the blay;y [34] and blayy.4 [35] genes were de-
tected in other studies.

3.4. Tunisia

Between 2012-2014, a total of 1095 K. pneumoniae isolates were
obtained from Sahloul Hospital. Of these isolates, 240 (21.9%) were
CRE and the blagyxa-4g gene was the most commonly detected in
these isolates, followed by blaypy.; and blagxa-n04 [36]. Moreover,
over the same period, 342 (15.8%) of 2160 K. pneumoniae isolates
tested were CRE [37]. Between 2015-2016, a total of 220 K. pneu-
moniae isolates were recovered from Tahar Sfar University Hospital,
of which 29 (13.2%) were CRE, and genotypic testing revealed that
blagya-4g Was the most prevalent gene, followed by blaypy.; and
blagxa-204 [38]. Furthermore, several other carbapenem resistance
genes were detected in other studies in Enterobacteriaceae, includ-
ing blayyy [39], blayym.1 [40], blaym2 [41], blay-4 [42], blakec
[39], blagpc [43,44], blagpc.z [44,45], blawp.1 [46], blavpg [47],
blayyp-10 [47] and blayyp_13 [47].

3.5. Iran

Between 2012-2013, 49 (43.8%) of 112 K. pneumoniae isolates
recovered in a hospital were CRE, and 6 (12.2%) of these isolates
harboured the blaypy.; gene [48]. In 2014, a total of 307 En-
terobacteriaceae isolates were collected from five different hospi-
tals and 27 (8.8%) of these were CRE. Moreover, genotypic testing
results revealed that blagya.4g Wwas the most commonly encoun-
tered gene, followed by blayppm.1, blakpc.o and blagpc.s [49]. Be-
tween 2015-2016, a total of 992 K. pneumoniae isolates were re-
covered from patients admitted to Tehran Imam Khomeini Hos-
pital, of which 100 (10.1%) were CRE, and genotypic testing re-
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sults revealed that blagys4g gene was the most prevalent gene,
followed by blanpy [50]. Over the same period, 11 (6.5%) of 170 K.
pneumoniae isolates collected from three teaching hospitals were
CRE, and blanpy-; was the only detected gene in 4 of the CRE
isolates [51]. Between 2015-2017, 37 (21.1%) of 175 K. pneumo-
niae isolates collected from four different hospitals were CRE, and
blanpp-1 was the only detected gene in these isolates [52]. Further-
more, several studies were performed that led to the identification
of blaOXA,]g] [53], blaNDM_7 [53,54], blaV]M [55], blaV[M_l [56] and
blapp [55] genes.

3.6. United Arab Emirates

Between 2011-2012, 4 (1.7%) of 230 Enterobacteriaceae isolates
collected from a hospital in Abu Dhabi were CRE and all were
demonstrated to harbour the blagyxa4g gene [57]. Over the same
period, 13 (6.4%) of 202 K. pneumoniae isolates collected from Al-
Qassimi Hospital were CRE, and blaypy.1 was the most commonly
detected gene in these isolates, followed by blagya-4g [58]. Between
2015-2016, a total of 13 025 Enterobacteriaceae isolates were re-
covered from five hospitals in Dubai, of which 599 (4.6%) were
CRE. Among the isolates selected for genotypic testing, blagxa.ag
was the most prevalent gene, followed by blaypy [59]. Moreover,
blagxa-181 [60], blanpm-s [60], blanpwm-7 [61], blayiv-4 [62] and blagpc
[63] genes were detected in other studies.

3.7. Qatar

In 2017, a total of 201 extended-spectrum S-lactamase (ESBL)-
producing Enterobacteriaceae isolates were recovered from chil-
dren hospitalised with lower urinary tract infection at the Pediatric
Emergency Center of Hamad Medical Corporation, Doha. Of these
isolates, 2.5% were resistant to both ertapenem and meropenem
and 10% were resistant to imipenem [64].

3.8. Iraq

In 2018, a total of 57 Enterobacteriaceae isolates were recovered
from specimens of infected burns or wounds from three different
hospitals located in Baghdad, of which 8 (14.0%) were CRE, and the
bla;p gene was harboured by 7 isolates [65]. In the same year, 11
(22.0%) of 50 K. pneumoniae isolates recovered from hospitalised
patients in hospitals in Al-Anbar City were CRE. Genotypic testing
on six CRE isolates revealed that the blagxs.4g and blayy, genes
were equally detected in these isolates, followed by blaypc [66].
Moreover, blagxap3 [67], blaypm-1 [68], blapp.; [67] and blaypy-»
[69] were detected in other studies in Enterobacteriaceae isolates.

3.9. Kuwait

Between 2011-2013, 66 (4.9%) of 1335 Enterobacteriaceae iso-
lates collected from nine hospitals were CRE, and only 11 har-
boured the blagxa.4g gene [70]. In 2014, a total of 764 Enterobac-
teriaceae isolates were recovered from patients from four differ-
ent hospitals, of which 61 (8.0%) were CRE, and blaypm.1 Was the
most commonly detected gene, followed by blagxa.4g and blaypc
[71]. Furthermore, the blayp.4 gene [72,73] was detected in two
studies in Enterobacteriaceae isolates.

3.10. Libya

Between 2013-2014, 55 (6.8%) of 813 Enterobacteriaceae iso-
lates recovered from patients admitted to Tripoli Children Hospital
were CRE [74]. Between 2014-2015, 14 (29.2%) of 48 multidrug-
resistant Enterobacteriaceae isolates were CRE, with blagxa.4g be-
ing the most prevalent gene, followed by blaypy [75].
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3.11. Morocco

Between 2010-2011, a total of 1174 uropathogenic E. coli iso-
lates were collected from laboratories distributed over six Moroc-
can cities. There results revealed that 5 isolates (0.4%) were CRE,
and blagya.4g and blayp.; were harboured in 2 isolates separately
[76]. In 2011, 11 (6.6%) of 166 K. pneumoniae isolates collected from
Ibn Rochd University Hospital Center were CRE, with blagya.4g be-
ing the most prevalent gene, followed by blaypp-1 [77]. In a ret-
rospective study between 2010-2012, 6 (7.3%) of 82 urinary ESBL-
producing K. pneumoniae isolates were CRE [78].

3.12. Oman

In 2012, 31 (24.0%) of 129 Enterobacteriaceae isolates recov-
ered from a hospital in Muscat were CRE [79]. In 2014, 1 (0.2%)
of 645 Enterobacteriaceae isolates recovered from Al-Buraimi Hos-
pital was CRE [80]. Moreover, the blagxa.-4g [81], blagxa-1g1 [81] and
blanpum-1 [81,82] genes were detected in other studies.

3.13. Jordan

Between 2012-2013, 7 (2.4%) of 296 K. pneumoniae isolated re-
covered from patients at a hospital in Amman were CRE, with
blagxa-4g being the most prevalent gene, followed by blaypy [83].
In another study, 23 (23.0%) of 100 E. coli isolates recovered from
patients from a hospital in Jordan were CRE [84]. Between 2013-
2014, 28 (1.0%) of 2759 Enterobacteriaceae collected from five dif-
ferent hospitals in Amman were CRE, with blaypy.1 being the most
prevalent gene, followed by blagxa.4g and blayp.4 [85]. Over the
same period, 18 (24.0%) of 75 K pneumoniae isolates recovered
from patients admitted to three hospitals in Jordan were CRE, and
the blaypc gene was harboured by 10 isolates [86].

3.14. Yemen

Several studies were performed that led to the identification
of several carbapenem resistance genes, including blagxa-4g [87],
blagxa-181 [87], blaoxa-232 [87], blanpm [88], blanpm-1 [87] and
blanpm-s [87].

3.15. Sudan

Between 2015-2016, 67 (45.9%) of 146 Enterobacteriaceae iso-
lates collected from several hospital in Khartoum were CRE, with
blayyy being the most commonly detected gene, followed by bla;yp
and blaypy [89]. During the same period, 17 (10.5%) of 162 Enter-
obacteriaceae isolates collected from several hospitals in Khartoum
were CRE [90]. In 2016, 73 (51.0%) of 143 Enterobacteriaceae iso-
lates collected from several hospitals in Khartoum were CRE, with
blagya-4g being the most commonly encountered gene, followed by
blayp [91]. Moreover, blagxa24 [92], blagxa-s1 [92], blagxa-ss [92],
blanpum-1 [92] and blagpe [93,94] were detected in other studies.

3.16. Palestine

In 2012, 35 (44.3%) of 79 Enterobacteriaceae isolates were CRE,
with blagpy; being the most prevalent gene, followed by blayp and
blagpy [95]. In 2013, 9 (9.4%) of 96 Enterobacteriaceae isolates col-
lected from three hospitals in Gaza were CRE, with blayp.4 be-
ing the most prevalent gene, followed by blay;.og [96]. Between
2016-2017, a study was done in Gaza aimed at determining car-
bapenem resistance in poultry. The results revealed that 44 (35.5%)
of 124 recovered Enterobacteriaceae isolates were CRE [97]. Over
the same period, 30 (13.3%) of 226 Enterobacteriaceae isolates
were CRE [98]. Moreover, blagpc., and blaggs.oz [99] genes were
detected in Enterobacteriaceae in another study.
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3.17. Syria

Between 2013-2014, 30 (6.5%) of 459 Syrian patients admitted
to four hospitals in Israel were carriers of CRE, and blaypy was
the most prevalent gene in the 32 CRE isolates recovered, followed
by blagxa-4g [100]. Between 2013-2016, 10 (9.3%) of 107 wounded
Syrian children treated at Galilee Medical Center in Israel were CRE
carriers, with blaypy being the most prevalent gene, followed by
blaOXA_4g [101]

3.18. Bahrain

Between 2012-2017, all CRE isolates recovered from a hospital
in Bahrain were collected and it was concluded that the prevalence
of CRE continued to increase from 2012 to reach its peak in 2015
and then started decreasing until 2017 [102].

3.19. Pakistan

Between 2012-2014, 2 (1.4%) of 148 uropathogenic E. coli col-
lected from a hospital in Pakistan were CRE [103]. Between 2015-
2017, 171 (44.8%) of 382 Enterobacteriaceae isolates collected from
a hospital in Pakistan were CRE, and genotypic testing revealed
that blayyy and blayp.; were harboured in some of these isolates
[104]. Moreover, blaypp.1 [105-107] and blapp [106] genes were
detected in other studies.

3.20. Afghanistan

Between 2009-2015, 141 (3.4%) of 4090 Enterobacteriaceae iso-
lates recovered from wounded military personnel in wars, in-
cluding the war in Afghanistan, were CRE. Furthermore, the first
blanpp-1 gene in K. pneumoniae in Afghanistan was reported [108].

3.21. Djibouti
No data were available for this country.
3.22. Somalia

No data were available for this country.

A summary of the distribution of carbapenem resistance genes
detected in CRE isolates from countries in the Eastern Mediter-
ranean Region is given in Table 1.

4. Carbapenem-resistant Acinetobacter baumannii (CRAB)
4.1. Lebanon

Between 2011-2013, 2755 (82%) of 3409 A. baumannii isolates
obtained from 16 different Lebanese hospitals were CRAB [109].
In addition, between 2013-2015, 91 (76.5%) of 119 A. baumannii
isolates collected from seven Lebanese hospitals were CRAB, and
the blagxa.o3.jike gene was detected in all CRAB isolates [110]. Be-
tween 2015-2016, 3197 (87.0%) of 3675 A. baumannii isolates col-
lected from 13 Lebanese hospitals were CRAB, with blagxa o3 be-
ing the predominantly detected gene [12]|. Moreover, blagxa-24-jike
[110-112], blagxa_sg.ike [110] and blagxa_143-jike [110] were detected
in other studies.

4.2. Egypt

Between 2014-2016, 268 (95.7%) of 280 A. baumannii iso-
lates recovered from Mansoura University Hospitals were CRAB,
of which 266 were metallo-fB-lactamase-producers with blayp
being most frequently detected, followed by blagy and blagp,
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Table 1
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Distribution of carbapenem resistance genes detected in carbapenem-resistant Enterobacteriaceae (CRE) isolates from countries located in the Eastern Mediterranean Region

Country Resistance genes Total no. of CRE isolates ?
Lebanon NDM-1 (11.6%), NDM-5 (2%), NDM-7 (0.4%), OXA-48 (48%), OXA-181 (0.8%) 250
Egypt IMP-4 (5%), KPC (2.3%), NDM (37.2%), NDM-1 (15.1%), NDM-5 (0.7%), OXA-23 (14.1%), OXA-48 (38.3%), 298
0XA-136 (0.3%), OXA-181 (0.3%), VIM (14.8%), VIM-2 (5%), VIM-4 (0.7%)
Saudi Arabia KPC (10.2%), NDM (2.2%), NDM-1 (29.6%), OXA-48 (72.6%), VIM (0.5%), VIM-4 (3.8%) 186
Tunisia IMP-1 (2.3%), IMP-8 (1.5%), IMP-10 (2.1%), IMP-13 (0.5%), KPC (5.1%), KPC-2 (0.5%), KPC-3 (0.5%), NDM-1 390
(11%), OXA-48 (61.8%), 0XA-204 (5.4%), VIM (5.1%), VIM-1 (1.8%), VIM-2 (0.8%), VIM-4 (5.1%)
Iran IMP (0.5%), KPC-2 (1%), KPC-3 (0.3%), NDM (8.2%), NDM-1 (21.2%), NDM-7 (2.3%), OXA-48 (37.8%), OXA-181 392
(0.3%), VIM (0.5%), VIM-1 (1.3%)
Unites Arab Emirates  KPC-2 (1.1%), NDM (25.7%), NDM-1 (14.5%), NDM-4 (0.6%), NDM-5 (7.3%), NDM-7 (1.1%), OXA-48 (44.1%), 179
OXA-181 (8.4%), VIM-4 (0.6%)
Qatar -b -
Iraq IMP (31.4%), KPC (2.9%), NDM-1 (2.9%), OXA-23 (5.7%), OXA-48 (14.3%), VIM (14.3%), VIM-2 (37.1%) 35
Kuwait KPC (4.7%), NDM-1 (16.1%), OXA-48 (13.4%), VIM-4 (12.8%) 149
Libya NDM (28.6%), OXA-48 (71.4%) 14
Morocco IMP-1 (6.25%), NDM-1 (12.5%), OXA-48 (62.5%) 16
Oman NDM-1 (58.3%), OXA-48 (20.8%), OXA-181 (4.2%) 24
Jordan KPC (13.2%), NDM (2.6%), NDM-1 (26.3%), OXA-48 (18.4%), VIM-4 (1.3%) 76
Yemen NDM (27%), NDM-1 (45.9%), NDM-5 (8.1%), OXA-48 (13.5%), OXA-181 (10.8%), ad OXA-232 (2.7%) 37
Sudan IMP (17.9%), KPC (12.6%), NDM (5.3%), NDM-1 (2.4%), OXA-24 (0.5%), OXA-48 (7.2%), OXA-51 (1.9%), OXA-58 207
(0.5%), VIM (20.8%)
Palestine GES-23 (3.3%), IMP (19.6%), KPC-2 (4.3%), SIM (1.1%), SPM (73.9%), VIM-4 (6.5%), VIM-28 (3.3%) 92
Syria NDM (61.9%), OXA-48 (38.1%) 42
Bahrain - -
Pakistan IMP (1.1%), NDM-1 (61.2%), VIM (10.4%) 183
Afghanistan NDM-1 (100%) 1
Djibouti - -
Somalia - -

2 Includes only CRE isolates tested genotypically from the articles included in the review.

b _ Indicates no information is available.

[113]. Moreover, blaOXA_23 [114-117], blaOXA_24 [114], blaOXA—S]—like
[114-117], blaoxa-64 [117], blaoxa-es [117], blapxa-ss [117], blaoxa-s9
[1]7], blaoxA_71 []17], blaoxA_7g [1]7], blClOXA,94 []17], blaoxA_gg [1]7],
blagya-sg [114,117] and blaypp.2 [118] were detected in other stud-
ies.

4.3. Saudi Arabia

Several studies were performed that led to the identification
of various carbapenem resistance genes in A. baumannii, includ-
ing blapxa-23 [119-121], blagxa-24 [122], blagxa-ao [121], blagxa-s1-tike
[120], blaVIM []21] and blaspM [121]

4.4. Tunisia

Between 2013-2015, 242 (98.4%) of 246 A. baumannii iso-
lates obtained from a teaching hospital were CRAB, with blagyxa_o3
being the most commonly detected gene, followed by blanppm-1
[122] Moreover, blaOXA_Sl_“ke [123], blaOXA_Sg [123] and blaGEs_n
[124] genes were detected in other studies.

4.5. Iran

In Iran, a study published in 2012 showed that 62 (62.0%) of
100 A. baumannii were imipenem-resistant, with blagxa.s; being
the most prevalent gene, followed by blagxa-23, bladgxa-40.like and
blaOXA,58 []25] MOI'EOVCI', blalMp [126], blaV]M [126], blalMp_55 [127],
blaypp [128], blagxa-24 [129] and blagya-143-1ike [130] were detected
in other studies.

4.6. United Arab Emirates

In 2008 at Al Ain Emirate Hospital, 86 (67.7%) of 127 A. bauman-
nii isolates were CRAB [131]. Moreover, blaypy.p [132], blagxa-23
[115,133], blagxa-sg [134], blagya-s1-jike [115,133] and its variants in-
cluding blapxaea [134], blagxass [134], blaoxa-ss [134], blagxa-os
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[]34], blaOXA_65 [134], blaOXA_83 [134], bIGOXA_57 [134], blaOXA_Gg
[134], blagxa-7s [134], blagxa.79 [134], blagxage [134], blagxa-91
[134], blaoxA_94 [134], blaoxA_95 [134] and blaOXA_zog [134] car-
bapenemase genes were detected in other studies.

4.7. Qatar

Between 2012-2013, 170 (45.7%) of 372 A. baumannii isolates
obtained from Hamad tertiary hospital were CRAB [135]. Moreover,
blagxa-3 [136] and blagya-s1 [133] carbapenemase genes were de-
tected in other studies.

4.8. Iraq

Between 2012-2013, 101 (84.2%) of 120 A. baumannii isolates
collected from four different Kurdistan hospitals were CRAB, and
blagxa-3-tikes blaoxa-24-like ANd blagxa_s51.ike geNes were detected in
these isolates [137]. Moreover, blapp [138] and blayyy [138] car-
bapenemase genes were detected in another study.

4.9. Kuwait

In 2008, 114 (46.2%) of 247 A. baumannii isolates collected
from government hospitals in Kuwait were CRAB, and the blagya_g9
gene was detected in these isolates [139]. In 2008, 40 (42.6%)
of 94 A. baumannii isolates obtained from Mubarak Al-Kabeer
and Al-Adan Hospitals were CRAB, and the blapp.q and blayyy.o
genes were detected in these isolates [140]. Moreover, blagxa-23-type
[133], blaOXA__r,]_type [133] including blaOXA_56 [141], blaOXA_64 [141],
blagxa-71 [141] and blagxagg [141] genes were detected in other
studies.

4.10. Libya

Several studies were performed that led to the identification of
various carbapenem resistance genes, including blagya_p3 [142,143],
bla_OXA24 [143], blaOXA_48 []43] and blaNDM_l [142]
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4.11. Morocco

Between 2012-2014, 314 (87.7%) of 358 A. baumannii iso-
lates collected from Mohammed V Military Teaching Hospital
were CRAB [144]. Moreover, blagya_z3-jike |145,146], blagxa-24-like
[146], blagxa s1-ike [145], blaoxa ssiike [1471, blages [145], blanpm
[145] and blaypm-1 [146] carbapenem resistance genes were de-
tected in several studies.

4.12. Oman

Between 2007-2016, 117 (70.5%) of 166 A. baumannii isolates
collected from Sultan Qaboos University Hospital were CRAB [148].
In 2015, none of the 94 A. baumannii isolates collected from
Nizwa Hospital were CRAB [149]. Moreover, blagxa.p3 [133] and
blagxa_s1jike [133] carbapenem resistance genes were detected in
another study.

4.13. Jordan

Between 2009-2010, 72 (97.3%) of 74 A. baumannii iso-
lates obtained from Jordan University Hospital were CRAB, with
blagxa-s1jike being the most commonly detected gene, followed by
blagxao3.jike and blagxa_p4-ie [150]. In 2016, all 70 A. bauman-
nii isolates obtained from a cancer centre in Amman were CRAB,
and bla\/]M, blaGEs, blaN[)M_1, blaNDM, blaIMp, bla](pc and blaspM genes
were detected [151].

4.14. Yemen

Between 2012-2013, 252 (90.0%) of 280 A. baumannii isolates
obtained from three hospitals of Sana’a were CRAB [152]. More-
over, blagya_z3-jike [153] and blagya_s1.ike [153] genes were detected
in another study.

4.15. Sudan

Several studies were performed that led to the identification
of various carbapenem resistance genes, including blagpc [93],
blaOXA,S] [92] and blaOXA23 [92]

4.16. Palestine

Several studies were performed that led to the identifica-
tion of various carbapenem resistance genes, including blanpy
[154], blanpm-1 [154], blanpm-z [155], blay-z [155], blagxa.s1 [155],
blaypm.g [155], blapxa 23 [154], blapxa24 [154], blapxa-sg [154],
blaOXA»GG [155] and blClOXA_70 [155]

4.17. Syria

Between 2011-2013, a study led to the detection of blagya_gs
[156], blaOXA_94 [156], blaOXA_Gg []56], blaOXA_405 [156] and blaNDM_l
[156] carbapenem resistance genes among Syrian refugees.

4.18. Bahrain

Between 2007-2008, 262 (57.7%) of 454 A. baumannii iso-
lates collected from Salmaniya Medical Complex were CRAB, and
blagxa-3-ikes Plaoxa-a0-like @nd blagyxa_ss.jike Carbapenem resistance
genes were detected in these isolates [157]. Another study led to
the detection of the blagxa-si-type gene [133].
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4.19. Pakistan

Between 2010-2011, 59 (65.5%) of 90 A. baumannii isolates col-
lected from three health care facilities in Pakistan were CRAB, and
the blaypy.1 gene was detected in these isolates [158]. In 2016,
135 (98.5%) of 137 A. baumannii isolates collected from differ-
ent tertiary hospitals in Lahore were CRAB, and the blagyxa.p3 and
blagxa_s1iike genes were detected in these isolates [159].

4.20. Afghanistan

No data were available for this country.
4.21. Djibouti

No data were available for this country.

4.22. Somalia

No data were available for this country.

A summary of the distribution of carbapenem resistance genes
detected in CRAB isolates from countries in the Eastern Mediter-
ranean Region is given in Table 2.

5. Carbapenem-resistant Pseudomonas aeruginosa (CRPA)
5.1. Lebanon

Between 2011-2013, 2240 (27%) of 7897 P. aeruginosa isolates
collected from 16 different hospitals were CRPA [109]. In addi-
tion, between 2015-2016, 2701 (30.0%) of 9005 P. aeruginosa iso-
lates recovered from 13 participating hospitals were CRPA [12].
Several studies were performed at the country level that led to the
identification of various carbapenem resistance genes in P. aerugi-
nosa, including blayp., [160,161], blagpp-1 [160], blapp.o [160] and
blapp-1s [161].

5.2. Egypt

Between 2011-2012, 48 (39.3%) of 122 P. aeruginosa isolates
collected from Kasr El Aini Hospital and National Cancer Insti-
tute were imipenem-resistant and 56 (45.9%) were meropenem-
resistant [162]. Between 2013-2014, 137 (78.3%) of 175 P. aerugi-
nosa isolates recovered from Alexandria University Students’ Hos-
pital were CRPA, with blaspy; being the most commonly detected
gene, followed by blapp [163]. Moreover, between 2013-2014, 39
(26.5%) of 147 P. aeruginosa isolates were CRPA [164]. The year
2012 marked the first detection of blaypy.; in P. aeruginosa in
Egypt [165]. Furthermore, several studies were performed that led
to the identification of various carbapenem resistance genes, in-
cluding blagxa_agtike [166], blayiy_1jike [166], blayim-1 [167], blayim-»
[166,167], blaVIM_4 [167], bla]MP_] [167], blaclm_l [167], blaspM_]
[167] and blaSlM,] [167]

5.3. Saudi Arabia

In 2010, 135 (38.6%) of 350 P. aeruginosa isolates collected from
Prince Salman Hospital were CRPA, with blayy., being the most
commonly detected gene [168]. Moreover, in the same year, 109
(69.9%) of 156 P. aeruginosa isolates were CRPA [169]. Between
2013-2014, 37 (30.6%) of 121 P. aeruginosa isolates collected from
four tertiary hospitals in Makkah and Jeddah were meropenem-
resistant and 23 (19.0%) were imipenem-resistant [170]. More-
over, blaV]M [169], blaVIM_G []7]], blaVIM_H [171], blavn\/l_n [171] and
blayin.ag [171] genes were detected in other studies.
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Table 2
Distribution of carbapenem resistance genes detected in carbapenem-resistant Acinetobacter baumannii (CRAB) isolates from countries located in the Eastern Mediterranean
Region
Country Resistance genes Total no. of CRAB isolates ¢
Lebanon NDM-1 (0.13%), OXA-23 (100%), OXA-24 (0.39%), OXA-58 (0.03%), OXA-143 (0.03%) 3064
Egypt GIM (29.56%), IMP (66.01%), NDM-2 (0.25%), OXA-23 (31.53%), OXA-24 (0.74%), OXA-51-like (28.82%), 406
OXA-58 (1.72%), OXA-64 (1.66%), OXA-65 (3.32%), OXA-66 (0.95%), OXA-69 (0.71%), OXA-71 (0.47%), OXA-78
(0.24%), OXA-89 (0.24%), OXA-94 (0.47%), SIM (32.51%), VIM (0.25%)
Saudi Arabia OXA-23 (97.4%), OXA-40 (24.68%), OXA-51-like (10.39%), SPM (22.08%), VIM (23.38%) 77
Tunisia NDM-1 (4.2%), OXA-23 (100%), OXA-51-like (9.54%), OXA-58 (0.38%) 262
Iran IMP (15.79%), IMP-55 (1.66%), OXA-23 (75.62%), OXA-24 (21.33%), OXA-40-like (6.37%), OXA-51 (91.97%), 361
OXA-58 (16.07%), OXA-143-like (3.88%), VIM (13.02%)
United Arab Emirates =~ NDM-2 (0.66%), OXA-23 (79.4%), OXA-24 (1.66%) OXA-51-like (55.48%), OXA-58 (1.01%), OXA-64 (0.67%), 301
0XA-65 (0.67%), OXA-66 (1.35%), OXA-67 (0.34%), OXA-68 (0.34%), OXA-69 (0.67%), OXA-78 (0.34%), OXA-83
(0.67%), OXA-89 (0.34%), OXA-91 (0.34%), OXA-94 (0.34%), OXA-95 (0.34%), OXA-98 (1.01%), OXA-208 (0.34%)
Qatar 0XA-23 (100%), OXA-51 (11.11%) 754
Iraq IMP (13.67%), OXA-23-like (72.6%), OXA-24-like (2.88%), OXA-51-like (86.33%), VIM (3.6%) 139
Kuwait IMP-1 (4.55%), OXA-23 (25.57%), OXA-51 (4.55%), OXA-64 (6.82%), OXA-66 (17.05%), OXA-69 (90.34%), 176
OXA-71 (1.14%), OXA-98 (9.66%), VIM-1 (0.57%), VIM-2 (10.23%)
Libya NDM-1 (4.55%), OXA-23 (100%), OXA-24 (13.64%), OXA-48 (13.64%) 22
Morocco GES (16.82%), NDM (4.67%), NDM-1 (25.23%), OXA-23-like (95.33%), OXA-24-like (1.87%), OXA-51-like 107
(100%), OXA-58-like (0.93%)
Oman 0XA-23 (100%), OXA-51-like (100%) 4
Jordan GES (31.15%), IMP (4.92%), KPC (4.92%), NDM (14.75%), NDM-1 (21.31%), OXA-23-like (96.72%), OXA-24-like 61
(18.03%), OXA-51-like (100%), SPM (1.64%), VIM (47.54%)
Yemen 0XA-23-like (100%), OXA-51-like (100%) 3
Sudan KPC (32.26%), OXA-23 (3.23%), OXA-51 (3.23%) 31
Palestine NDM (4.71%), NDM-2 (1.18%), OXA-23 (67.06%), OXA-24 (11.76%), OXA-51 (1.18%), OXA-58 (2.35%), OXA-66 85
(15.29%), OXA-70 (1.18%), VIM-2 (3.53%), VIM-4 (1.18%)
Syria NDM-1 (8.57%), OXA-23 (92.86%), OXA-64 (10%), OXA-66 (100%), OXA-69 (28.57%), OXA-70 (1.43%), OXA-71 70
(1.43%), OXA-94 (7.14%), OXA-104 (1.43%), OXA-120 (2.86%), OXA- 121 (1.43%), OXA-132 (1.43%), OXA-406
(1.43%)
Bahrain OXA-23-like (62.5%), OXA-40-like (62.5%), OXA-51-like (100%), OXA-58-like (12.5%), OXA-72 (62.5%) 8
Pakistan NDM-1 (0.551%), OXA-23 (69.9%), OXA-51-like (98.47%) 196
Afghanistan -b -
Djibouti - -
Somalia - -

2 Includes only CRAB isolates tested genotypically from the articles included in the review.

b _ Indicates no information is available.

5.4. Tunisia

Several studies were performed that led to the identification of
the blayy.o [172-174] carbapenem resistance gene in P. aeruginosa
in Tunisia.

5.5. Iran

In Iran in 2013, 161 (63.1%) of 255 P. aeruginosa isolates col-
lected from Motahari Hospital were CRPA, and the blayy and
blapp genes were detected in these isolates [175]. Moreover,
blav[M_z [176], bla[Mp_1 [176] and blaNDM_1 [176] were reported in
other studies.

5.6. United Arab Emirates

In 2008 at Al Ain Emirate Hospital, 80.4% of 788 P. aeruginosa
isolates were CRPA [131]. Furthermore, several studies were per-
formed that led to the identification of various carbapenem re-
sistance genes, including blayy- [177], blayp-17 [171], blayp-3o
[177], blayp31 [177], blaym.gp [177], blaynv4s [171] and blages.s
[177].

5.7. Qatar

A study on P. aeruginosa isolates in the Gulf Region led to the
identification of several carbapenem resistance genes in Qatar, in-
Cluding blaVlM_2 [171], blaV]M_Zg [171], blaV[M_17 []71] and blClVlM_4g
[171].
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5.8. Iraq

Several studies were performed that led to the identification of
various carbapenem resistance genes in P. aeruginosa in Iraq, in-
cluding bla[Mp []38,178], blaNDM [179], blaspM_l [178] and blaVIM
[138].

5.9. Kuwait

Between 2007-2008, 13 (9.6%) of 135 P. aeruginosa isolates col-
lected from Al Amiri Hospital were CRPA [180]. Moreover, a study
was performed that led to the identification of several carbapenem
resistance genes, including blaxpc [181], blayyy [181] and blapyp
[181].

5.10. Libya

Several studies were performed that led to the identification of
the blayyy.o [143] gene in CRPA in Libya.

5.11. Morocco

Between 2012-2014, 33 (26.8%) of 123 P. aeruginosa isolates re-
covered from Meknes-Tafilalet region were CRPA, and the blayy.o
gene was detected in these isolates [182].
5.12. Oman

Between 2007-2016, 43 (18.6%) of 231 P. aeruginosa isolates col-

lected from Sultan Qaboos University Hospital were CRPA, with an
increase in resistance to carbapenems noted in the last few years
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Table 3
Distribution of carbapenem resistance genes detected in carbapenem-resistant Pseudomonas aeruginosa (CRPA) isolates from countries located in the Eastern Mediterranean
Region
Country Resistance genes Total no. of CRPA isolates ¢
Lebanon IMP-1 (1.81%), IMP-2 (3.17%), IMP-15 (7.24%), VIM-2 (21.27%) 221
Egypt GIM-1 (20.97%), IMP (17.74%), IMP-1 (1.61%), NDM-1 (3.23%), OXA-48-like (3.23%), SIM-1 (19.35%), SPM 62
(30.65%), SPM-1 (9.68%), VIM-1-like (11.29%), VIM-2 (9.68%), VIM-4 (6.45%)
Saudi Arabia VIM (4.9%), VIM-2 (67.65%), VIM-6 (1.96%), VIM-2 or VIM-11 (0.98%), VIM-2, VIM-17 or VIM-48 (8.33%) 204
Tunisia VIM-2 (66.67%) 90
Iran IMP (1.54%), IMP-1 (0.77%), NDM-1 (0.77%), VIM (1.92%), VIM-2 (0.38%) 260
United Arab Emirates  GES-5 (1.82%), VIM-2 (16.36%), VIM-2, VIM-17 or VIM-48 (1.82%), VIM-30 (5.45%), VIM-31 (3.64%), VIM-42 55
(3.64%)
Qatar VIM-2, VIM-17 or VIM-48 (85.71%), VIM-28 (28.57%) 7
Iraq IMP (13%), NDM-1 (2%), SPM-1 (2%), VIM (9%) 100
Kuwait IMP (33.33%), KPC (91.67%), VIM (41.67%) 12
Libya VIM-2 (90.48%) 33
Morocco VIM-2 (100%) 21
Oman -b -
Jordan VIM-2 (9.38%) 32
Yemen - -
Sudan IMP (8.64%), KPC (8.64%), NDM (37.04%), NDM-1 (1.23%), OXA-24 (1.23%), OXA-48 (3.7%), OXA-51 (6.17%), 81
OXA-58 (1.23%), OXA-181 (3.7%), VIM (24.69%)
Palestine IMP (16.13%), SPM (3.23%), VIM (32.26%), VIM-2 (9.68%), VIM-4 (3.23%) 31
Syria - -
Bahrain NDM-1 (3.57%), VIM (67.86%), VIM-2 (17.86%) 28
Pakistan GES-1 (6.67%), GES-2 (6.67%), IMP-1 (6.67%), IMP-13 (6.67%), IMP-15 (6.67%), IMP-19 (6.67%), IMP-29 15
(6.67%), NDM (26.67%), OXA-18 (6.67%), SPM-1 (6.67%), VIM-1 (6.67%), VIM-2 (13.33%)
Afghanistan - -
Djibouti - -
Somalia - -

2 Includes only CRPA isolates tested genotypically from the articles included in the review.

b _ Indicates no information is available.

of the study where 22% carbapenem resistance was recorded in
blood isolates between 2012-2016 compared with 14% between
2007-2011 [148].

5.13. Jordan

In 2006, 92 (92.0%) of 100 P. aeruginosa isolates were CRPA
[183]. Moreover, the blayyy., [184] carbapenem resistance gene was
detected in another study in P. aeruginosa.

5.14. Yemen

In 2017, 39 (20.2%) of 193 P. aeruginosa isolates recovered from
Sana’a Hospital were CRPA [185]. In 2018, 21 (21.4%) of 98 P. aerug-
inosa isolates collected from Al-Thawrah Hospital were CRPA [186].

5.15. Sudan

Several studies were performed that led to the identification
of various carbapenem resistance genes, including blayyy [89,92],
blapyp [89], blanpm [89,187], blagxa-s1 [92], blaoxa-4s [92], blaoxa-1s1
[92], blaOXA_58 [92], blaOXA_24 [92], blal(pc [92,93] and blaNDM_1 [92]

5.16. Palestine

In 2018, none of the 210 P. aeruginosa isolates obtained from
three hospitals in Gaza were CRPA [188]. Moreover, blayy, [189],
blaVIM_z []55], bla\/]M_4 [155], bla[Mp []89] and blaspM [189] car-
bapenem resistance genes were detected in several studies carried
out in Palestine.

5.17. Syria

Between 2011-2012, 78 (43.9%) of 177 P. aeruginosa isolates col-
lected from three key hospitals in Aleppo were CRPA [190].
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5.18. Bahrain

Several studies were performed that led to the identification
of various carbapenem resistance genes, including blaypym-1 [191],
blaVIM [191] and blaVIM_z [171].

5.19. Pakistan

There are not enough reports in Pakistan to denote the preva-
lence of carbapenem resistance and the underlying mechanisms. A
study in 2016 at the Kidney Center in Al-Sayed Hospital detected
the presence of blaypy genes in CRPA isolates as well as blayy,
blalMp, blaGEs, blaspm_l and blaOXA_18 [192]

5.20. Afghanistan

No data were available for this country.

5.21. Djibouti

No data were available for this country.

5.22. Somalia

No data were available for this country.

A summary of the distribution of carbapenem resistance genes
detected in CRPA isolates from countries in the Eastern Mediter-
ranean Region is given in Table 3.

6. Conclusion

This review of 192 studies reveals the level of spread and the
prevalence of carbapenem resistance in the Eastern Mediterranean
Region, in addition to the distressing high variety of carbapenem
resistance-encoding genes and other resistance determinants en-
countered. These perturbing data should lead to an emergency
plan in each country to handle the spread of such strains to pre-
vent outbreaks and to save lives.
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