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Abstract
Objectives To evaluate literature from a 12-year period (2010–2021) on the antimicrobial resistance profile of Pseudomonas 
aeruginosa from the Arabian Gulf countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates).
Methods An electronic literature search was conducted for articles on antimicrobial resistance in P. aeruginosa and associ-
ated phenotypes, covering the period of 1st January 2010 to 1st December 2021.
Results Antimicrobial resistance in the Arabian Gulf was highest to meropenem (10.3–45.7%) and lowest to colistin (0.0–
0.8%), among the agents tested. Annual data showed that ceftazidime resistance (Kuwait), piperacillin-tazobactam non-
susceptibility (Qatar), and aztreonam, imipenem, and meropenem resistance (Saudi Arabia) increased by 12–17%. Multiple 
mechanisms of carbapenem resistance were identified and multiple clones were detected, including high-risk clones such as 
ST235. The most common carbapenemases detected were the VIM-type metallo-β-lactamases.
Conclusions Among P. aeruginosa in the Arabian Gulf countries, resistance to meropenem was higher than to the other 
agents tested, and meropenem resistance increased in Saudi Arabia during the study period. Resistance to colistin, a classic 
antibiotic used to treat Pseudomonas spp. infections, remained low. The VIM-type β-lactamase genes were dominant. We 
recommend local and regional antimicrobial resistance surveillance programs to detect the emergence of resistance genes 
and to monitor antimicrobial resistance trends in P. aeruginosa.

Keywords Pseudomonas aeruginosa · Arabian Gulf region · Antimicrobial resistance · Resistance mechanisms · Resistance 
phenotypes
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VIM  Verona integron-encoded metallo-β-lactamase
XDR  Extensively drug-resistant

1 Introduction

Globally, Pseudomonas aeruginosa is a leading cause of 
nosocomial infections [1], and in 2019, was estimated to 
have caused more than 500,000 deaths across 11 infection 
types, and more than 250,000 deaths associated with anti-
microbial resistance [2, 3]. P. aeruginosa is an opportunis-
tic pathogen exhibiting multiple mechanisms of resistance 
to multiple classes of antibiotics, including efflux pumps, 
enzymatic degradation, and target site modification [4]. P. 
aeruginosa is intrinsically-resistant to many antimicrobials, 
including members of the cephalosporins and fluoroquinolo-
nes [4]. As a result, multidrug-resistant (MDR; defined as 
non-susceptible to ≥1 agent in ≥3 antimicrobial classes [5]) 
P. aeruginosa has been listed as a ‘serious threat’ [6] and 
carbapenem-resistant (CR) P. aeruginosa has been desig-
nated a ‘Priority 1/critical’ pathogen [7]. Some CR strains 
produce carbapenemases, with VIM being the most common 
carbapenemase in P. aeruginosa, globally [8, 9].

P. aeruginosa with difficult-to-treat resistance (DTR-
P. aeruginosa; defined as non-susceptible to piperacillin-
tazobactam, ceftazidime, cefepime, aztreonam, meropenem, 
imipenem-cilastatin, ciprofloxacin and levofloxacin [10]) has 
also been highlighted in treatment guidance from the Infec-
tious Diseases Society of America (IDSA) [11]. Treatment 
choices for antimicrobial-resistant P. aeruginosa should be 
dependent on local antimicrobial susceptibility patterns; 
however, the polymyxins, carbapenems, and aminoglyco-
sides are available antipseudomonal options [4, 11]. For 
infections caused by DTR-P. aeruginosa, novel agents such 
as ceftolozane-tazobactam or ceftazidime-avibactam may 
be prescribed [4, 11].

The Arabian Gulf region is burdened by the same chal-
lenges of treating antimicrobial-resistant P. aeruginosa 
infections as other geographical regions; however, fewer data 
from this region are available compared with others. There-
fore, this review aims to present currently available literature 
describing the antimicrobial resistance profile of P. aerugi‑
nosa and to identify the gaps in data from selected countries 
of the Arabian Gulf region: Bahrain, Kuwait, Oman, Qatar, 
Saudi Arabia, and the United Arab Emirates (UAE).

2  Material and Methods

2.1  Search Strategy and Selection Criteria

This review evaluated relevant studies addressing isolates 
of P. aeruginosa, published between 1st January 2010 and 

1st December 2021 on the PubMed  (Medline®), PubMed 
Central and  Embase® databases. The search terms included 
keywords from MeSH and Emtree thesaurus. The primary 
search term was “Pseudomonas aeruginosa”, including 
synonyms or variations thereof. In addition, synonyms for 
the Arabian Gulf region were included, and the Arabian 
Gulf country names (Bahrain, Kuwait, Oman, Qatar, Saudi 
Arabia, and the UAE). The mid-search terms relating to the 
review topics were “resistance” and “infections”, including 
any synonyms or variations. A free text search with those 
terms in the title and abstract fields was also performed. 
Examples of the synonyms or variations for the search terms 
are shown in Supplementary Table 1.

Accepted publication types included journal articles, 
systematic reviews, meta-analyses, clinical studies, ran-
domised clinical trials, and global/regional/national reports. 
Case reports, letters, editorials, notes, conference abstracts, 
and non-English publications were excluded, as were study 
abstracts with no mention of P. aeruginosa or <10 isolates 
tested, unclear methodology, or environmental samples. 
Extracted study information from each article are presented 
in Table 1 (study findings) and Supplementary Table 2 
(study methodologies). Study data are presented in Table 1, 
2, Figs. 2, 3, and Supplementary Tables 3, 4.

2.2  Studies Included in This Review

Following initial identification and screening of publication 
titles, 34 full-text articles included data on the Middle East 
region [8, 9, 12–15, 50] or the Arabian Gulf countries (Bah-
rain, 2; Kuwait, 2; Oman, 3; Qatar, 6; Saudi Arabia, 12; and 
the UAE, 2) [16–34, 36–42] (Fig. 1). For the Arabian Gulf 
countries, there were 22 prospective studies (Bahrain: [16, 
17]; Kuwait: [18]; Qatar: [23–27, 38]; Saudi Arabia: [28–32, 
34, 35, 39–42]; and UAE: [36, 37]) and 5 retrospective stud-
ies (Kuwait: [19]; Oman: [20–22]; and Saudi Arabia: [33]). 
Several studies included data on other species and were pre-
sented separately from the P. aeruginosa subset (Kuwait: 
[18, 19]; Oman: [20–22]; and UAE: [37]).

Across the 26 Arabian Gulf studies with documented 
isolate numbers, a total of 101,839 P. aeruginosa isolates 
contributing data on antimicrobial resistance were dis-
tributed as follows: Bahrain, 100 isolates (0.1%) [16, 17]; 
Kuwait, 150 isolates (0.1%) [18, 19]; Oman, 2620 isolates 
(2.6%) [20–22]; Qatar, 18,267 isolates (17.9%) [23–27, 38]; 
Saudi Arabia, 78,702 isolates (77.3%) [28–34, 39–42]; and 
the UAE, 2000 isolates (2.0%) [36, 37]. These studies were 
most frequently set in hospital wards (50.0%), followed by 
a mixture of hospital wards, community settings and ICUs 
(34.6%). Most studies collected isolates from a variety of 
culture sources associated with infection (76.9%; including 
blood, lower respiratory tract, and skin and soft tissue), with 
only three studies (11.5%) including a proportion of isolates 
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associated with no infection (from colonized patients). Auto-
mated antimicrobial susceptibility testing was most fre-
quently used (57.7%), followed by disk diffusion (23.1%), 
and broth microdilution methodology or E-test (3.8% each). 
Almost all of these studies used CLSI breakpoints to inter-
pret MIC results (92.3%).

2.3  Antimicrobial Surveillance Data from the ATLAS 
Program

In addition to the published studies that met the eligibil-
ity criteria, this review included global antimicrobial sur-
veillance data from the Antimicrobial Testing Leadership 
and Surveillance (ATLAS) program (accessible through 
a publicly available database [53]). The ATLAS program 
is industry-sponsored and aims to monitor and assess the 
in vitro activities of selected antimicrobial agents against 
clinical bacterial isolates collected from hospitalized 
patients worldwide. The ATLAS program annually collects 
a prerequisite number of nonduplicate bacterial isolates of 
clinically significant species (one isolate per species per 
patient) from documented infection types (intra-abdominal, 
urinary tract, skin and soft tissue, lower respiratory tract, and 
bloodstream) [8, 9, 12].

This review presented ATLAS data from other countries 
and regions, in addition to a total of 1474 isolates from the 
Arabian Gulf countries (Kuwait, 1101 isolates; Qatar, 116 
isolates; and Saudi Arabia, 257 isolates) presented in Table 2 
and Fig. 2 [53].

3  Antimicrobial Resistance in Pseudomonas 
aeruginosa

3.1  Rates of Antimicrobial Resistance 
and Phenotypes from the Middle East/Arabian 
Gulf Region

Figure 2 presents data on the rates of antimicrobial resist-
ance and DTR phenotypes among isolates of P. aeruginosa 
from the Arabian Gulf countries, and other countries or 
regions [20, 43, 57]. The highest resistance rates observed 
in each Arabian Gulf country, and the others presented, 
were to meropenem, ranging from 10.3% (UAE) to >40.0% 
in Oman and Qatar (higher than the other countries and 
regions) (Fig. 2). The meropenem resistance rates in Oman 
and Qatar are reflective of single center data and not neces-
sarily indicative of the resistance status in the country as a 
whole. Colistin resistance was low (<2.2%) globally (Fig. 2). 
Amikacin resistance was <5% in Qatar, Saudi Arabia, and 
the UAE (similar to Southern Europe, North America and 
Southeast Asia), but higher in Kuwait (10.7%) and Oman 

(20.0%). There were lower rates of DTR-P. aeruginosa 
(10.9–13.2%) in North America, Saudi Arabia, and South-
east Asia; rates of 16% in Southern Europe and EMR; and 
rates of 19.0–25.9% elsewhere (data not collected in Oman 
or the UAE; Fig. 2). Published rates of antimicrobial resist-
ance or susceptibility from the Arabian Gulf countries, and 
other countries or regions are presented in Supplementary 
Table 3 [8–10, 12–20, 23, 24, 26–30, 32–34, 36, 37, 41–44].

The rates of antimicrobial susceptibility among a collec-
tion of P. aeruginosa isolates from Middle East countries 
(Israel, Jordan, Kuwait, and Saudi Arabia) ranged from 
62.8% (levofloxacin) to >90% (amikacin and colistin) [12], 
according to the European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST) 2020 breakpoints [54]. How-
ever, there was no susceptibility breakpoint, and only inter-
mediate or resistance breakpoints, for colistin when using 
Clinical and Laboratory Standards Institute (CLSI) 2020 
breakpoints [55]. Susceptibility to ceftazidime-avibactam 
and ceftolozane-tazobactam was >90% in the Middle East 
and Middle East-Africa regions [12, 13].

MDR rates among. P. aeruginosa were 30.6% and 38.1%, 
and the rate with a DTR phenotype was 7.4% for the Middle 
East region [12, 14]. Among MDR P. aeruginosa isolates, 
cefepime, meropenem and piperacillin-tazobactam suscepti-
bility was 30–50%, which decreased to 0% among DTR iso-
lates [12]. A 2016–2018 ATLAS surveillance study reported 
that no isolates of carbapenemase-producing P. aeruginosa 
collected in the Middle East-Africa region were resistant to 
colistin, whereas 32.3% were resistant to aztreonam, and 
≥92.3% were resistant to the other tested agents, includ-
ing amikacin, ceftazidime-avibactam, imipenem and mero-
penem [9]. These findings reflected the high proportions 
of MBL-positive isolates that were detected in all regions 
included in the study [9]. Rates of meropenem non-suscep-
tibility were 25–35% among P. aeruginosa collected in the 
Middle East and Africa [12, 13, 15]. Among meropenem-
non-susceptible respiratory P. aeruginosa isolates collected 
from adult intensive-care unit (ICU) patients in the Middle 
East-Africa region, susceptibility was 68.1% to ceftolozane-
tazobactam, 34.9% to ceftazidime, and 28.2% to piperacillin-
tazobactam [15].

In the above studies, the range of countries comprising 
the Middle East-Africa region (including Egypt, Israel, 
Jordan, Kenya, Kuwait, Lebanon, Morocco, Qatar, South 
Africa, and Tunisia) were from a wide range of social and 
economic settings. Antimicrobial susceptibility or resistance 
data and reports on P. aeruginosa isolates from the individ-
ual Arabian Gulf countries are described below. The main 
study findings are summarized in Table 1 and data presented 
in Supplementary Table 3.
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3.1.1  Bahrain, Kuwait and Oman

More than 80% of ciprofloxacin-resistant P. aeruginosa 
isolates from Bahrain were also resistant to imipenem, 
meropenem and piperacillin-tazobactam; however, none 
were resistant to colistin [16, 17]. Similarly, high resist-
ance rates to meropenem (≥87.5%) and low resistance 
rates to colistin (2.1%) were observed among MDR P. aer‑
uginosa isolates from Kuwait (one of which was pandrug-
resistant [PDR]; defined as resistant to all antimicrobial 
agents [5]) [18]. The rates of susceptibility to amikacin, 
ceftazidime, ciprofloxacin, imipenem and piperacillin-
tazobactam were also notably lower in the study of MDR 
P. aeruginosa from Kuwait, compared with non-MDR iso-
lates [18]. Conversely, P. aeruginosa from diabetic foot 
infections, collected in Kuwait, exhibited susceptibility 
rates of ≥65.7% to ceftazidime, meropenem, gentamicin, 
imipenem, and amikacin [19].

In Oman, extended-spectrum β-lactamase (ESBL) 
enzyme production was only detected in 2 of 2362 P. 
aeruginosa isolates collected [20]. The lowest rate of 
susceptibility among P. aeruginosa from Oman was to 
meropenem (58.0%), with ≥80.0% of isolates susceptible 
to amikacin, ceftazidime, ciprofloxacin, gentamicin and 
piperacillin-tazobactam. All isolates were susceptible to 
colistin. Another study in Oman found that 8.1% of all 
MDR isolates from a tertiary care teaching hospital were 
P. aeruginosa [21]. In the same hospital, the rate of CR 
P. aeruginosa in bacteremia was 22% between 2012 and 
2016, with a rate of 43% reported in 2015 alone [22].

3.1.2  Qatar

Among P. aeruginosa from cystic fibrosis patients in Qatar, 
antimicrobial non-susceptibility ranged from 9.8% (pipera-
cillin-tazobactam) to 41.0% (gentamicin); all isolates were 
susceptible to colistin [23]. Meropenem non-susceptibility 
was 11.5% and meropenem resistance was 58.3% among 
MDR isolates. Among the MDR subset, resistance rates 
ranged from 50.0% (piperacillin-tazobactam) to 100% (gen-
tamicin, amikacin and cefepime), whereas none of the MDR 
isolates were resistant to colistin [23].

In a multi-hospital study, the rate of MDR isolates col-
lected in Qatar between 2014 and 2015 was 8.1% (2.4% of 
which were PDR) [24]. The rate of MDR P. aeruginosa 
at one of these hospitals before the implementation of an 
antimicrobial stewardship program was 9.0% and was 5.5% 
after implementation [25]. Most MDR P. aeruginosa isolates 
were resistant to cefepime, ciprofloxacin, piperacillin-tazo-
bactam and meropenem (>90%); in addition, aminoglyco-
side resistance was 50–75%, and 3.4% were colistin-resist-
ant [25]. Non-susceptibility to ceftazidime-avibactam and 
ceftolozane-tazobactam was 31.2% and 37.1%, respectively, Ta
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among MDR P. aeruginosa [26]. The authors attributed 
ceftazidime-avibactam and ceftolozane-tazobactam non-
susceptibility rates among the MDR isolates in their study 
to the production of ESBL and VIM enzymes [26]. Among a 

smaller subset of eight MDR isolates that produced metallo-
β-lactamases (MBLs), but not ESBLs, all were susceptible 
to aztreonam but resistant to the other agents studied [27].

Table 2  Rates of antimicrobial 
resistance or non-susceptibility 
among P. aeruginosa from 
Kuwait, Qatar, Saudi Arabia, 
and the UAE (2011–2021)

AMK amikacin, CAZ ceftazidime, FEP cefepime, LVX levofloxacin, MEM meropenem, TZP piperacillin-
tazobactam, UAE United Arab Emirates
–, no data collected for these years or agents
a Rates are presented as the percentage of resistant or non-susceptible P. aeruginosa (determined using 
CLSI breakpoints [64]) of the total isolates collected. Percentages not given when N < 10 isolates. All rates 
are presented to 1 decimal place, with the exception of the non-susceptibility data from Qatar for 2011–
2018 [56]
b Kuwait resistance data from the ATLAS database [53]
c Qatar 2011–2018 non-susceptibility data provided by Hamad Medical Corporation [56]. 2019–2021 non-
susceptibility data from the ATLAS database [53]
d Saudi Arabia resistance data from the ATLAS database [53]
e UAE resistance data provided by UAE MOHAP [57]

Country/antimicrobial agent % resistant (Kuwait, Saudi Arabia, the UAE) or non-susceptible (Qatar) P. 
aeruginosa of  totala

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Kuwaitb

 AMK – 1.9 10.8 8.9 12.2 9.6 10.5 15.8 14.8 10.9 5.1
 CAZ – 7.4 20.0 22.8 18.7 17.6 25.2 19.7 27.4 24.0 22.5
 FEP – 7.4 20.0 17.8 14.6 15.4 21.7 18.4 21.5 20.9 13.0
 LVX – 18.5 21.5 20.8 25.2 26.5 28.0 26.3 32.6 20.2 18.1
 MEM – 24.1 30.8 26.7 23.6 35.3 34.3 35.5 28.9 23.3 16.7
 TZP – 7.4 18.5 22.8 16.3 16.2 20.3 18.4 20.0 18.6 14.5
 Total isolates tested (N) 1 54 65 101 123 136 143 76 135 129 138

Qatarc

 AMK 5 6 7 7 3 0 4 5 2.6 10.3 0.0
 CAZ 25 25 26 26 16 26 27 24 26.3 51.3 43.6
 FEP 26 24 23 20 22 25 34 30 23.7 46.2 46.2
 LVX – – – – – – – – 21.1 43.6 48.7
 MEM 26 33 34 22 14 38 37 30 36.8 69.2 56.4
 TZP 15 26 28 22 22 31 35 28 28.9 56.4 48.7
 Total isolates tested (N) 390 383 213 155 1668 38 80 99 38 39 39

Saudi  Arabiad

 AMK 13.2 5.0 35.0 – 0.0 5.0 – 7.7 5.1 4.9 0.0
 CAZ 23.7 35.0 50.0 – 10.5 15.0 – 23.1 12.8 17.1 5.9
 FEP 13.2 30.0 50.0 – 5.3 10.0 – 15.4 15.4 9.8 2.9
 LVX 23.7 50.0 55.0 – 5.3 10.0 – 26.9 23.1 17.1 5.9
 MEM 10.5 40.0 50.0 – 21.1 15.0 – 30.8 25.6 19.5 2.9
 TZP 10.5 35.0 30.0 – 5.3 10.0 – 11.5 12.8 14.6 2.9
 Total isolates tested (N) 38 20 20 – 19 20 – 26 39 41 34

UAEe

 AMK 4.7 3.8 4.7 4.9 5.0 5.8 4.9 3.9 3.5 2.9 –
 CAZ 7.7 6.7 8.5 9.6 10.0 10.2 10.3 8.5 8.3 8.5 –
 FEP 7.0 5.3 6.4 7.2 8.0 8.4 7.8 6.5 6.2 6.0 –
 LVX – – – – – – – – – – –
 MEM 10.2 9.1 12.0 14.7 14.4 16.0 14.5 11.0 10.7 10.3 –
 TZP 10.5 11.1 10.6 13.5 13.3 13.7 11.9 6.9 6.9 6.7 –
 Total isolates (N) 1753 2030 2521 3174 4132 4913 6445 7989 8989 9402 –
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3.1.3  Saudi Arabia

Two studies of P. aeruginosa isolates reported low resistance 
to ceftazidime-clavulanic acid (<10%) and high resistance 
to gentamicin (41%) [28, 29]. All isolates were susceptible 
to colistin. In a single-center study of 156 P. aeruginosa 
isolates, 22.4% were ceftazidime-resistant, of which 71.4% 
were ESBL-producers and 42.9% were MBL-producers [28]. 
Thirty-nine (19.5%) of 200 clinical P. aeruginosa isolates 
collected at another center were ceftazidime-resistant, most 
of which were also resistant to other tested agents; however, 
all isolates were susceptible to colistin [29]. In a single-
center study of 33 MDR P. aeruginosa isolates, the rates of 
resistance to colistin and the carbapenems were 6.1% (colis-
tin), 39.4% (doripenem), 81.8% (meropenem), and 90.9% 
(imipenem) [30]. In a multi-hospital study, the percentage 
of carbapenemase production among 39 ceftazidime- and 

carbapenem-resistant isolates of P. aeruginosa collected was 
28.2% [31].

Another multicenter study statistically compared the over-
all resistance rates to tested agents among 121 P. aeruginosa 
isolates [32]. The rate of resistance to piperacillin-tazobac-
tam (4.9%) was significantly lower than to ceftazidime, levo-
floxacin, aztreonam, ciprofloxacin, piperacillin, imipenem, 
ticarcillin and meropenem (P < 0.05). In contrast, the rate of 
resistance to meropenem (30.6%) was significantly higher 
than to piperacillin-tazobactam, amikacin, cefepime, gen-
tamicin, ceftazidime, levofloxacin, aztreonam, ciprofloxacin, 
piperacillin and imipenem (P < 0.05). The overall MDR rate 
was 10.7% [32]. A higher rate of meropenem resistance was 
observed among respiratory isolates than among other infec-
tion types (41.5%; P < 0.05).

P. aeruginosa isolates from three different ICUs in one 
hospital showed the lowest rates of resistance to the class 

Fig. 1  Flow chart for selection 
of publications on P. aeruginosa 
from the Arabian Gulf countries 
and other countries/regions 
(2010–2021) Records identified through database 

search (N = 763)

Records screened (n = 348)
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Full-text articles accessed for 
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of aminoglycosides (amikacin [18.8%], tobramycin [20.0%] 
and gentamicin [31.7%]), while 30.0% of isolates were 
resistant to colistin [33]. The study recorded a multidrug 
resistance rate of 60.9% among P. aeruginosa [33]. Simi-
larly, the resistance rates among P. aeruginosa isolates from 
seven ICUs ranged from 8.9% (cefepime) to 41.1% (imipe-
nem). The rate of meropenem resistance was 27.8% [34]. In 
that ICU study, 36.7% of 90 P. aeruginosa isolates collected 
were MDR [34]. A higher rate of 93.1% MDR P. aeruginosa 
isolates were associated with ventilator-associated pneumo-
nia (VAP) in another ICU study in Saudi Arabia [35].

3.1.4  United Arab Emirates

A total of 1969 P. aeruginosa were collected in a cross-
sectional multicenter study, of which 23.9% of isolates were 
identified as carbapenem-non-susceptible [36]. Among 
a subset of 37 carbapenem-non-susceptible isolates that 
underwent molecular characterization, 10.8% of isolates 

were MDR and 37.8% were XDR. No study isolates were 
characterized as PDR because all were susceptible to colis-
tin [36]. A single-center study of 31 P. aeruginosa isolates 
reported rates of resistance ranging from 16.1% (gen-
tamicin) to 51.6% (meropenem) [37]. High susceptibility 
was reported to ceftazidime-avibactam and ceftolozane-
tazobactam among all P. aeruginosa isolates (93.5% and 
96.8%, respectively).

3.2  Studies on Molecular Resistance Mechanisms 
from the Middle East/Arabian Gulf Regions

Figure 3 (data shown in Supplementary Table 4) shows the 
distribution of β-lactamase genes among P. aeruginosa from 
the Arabian Gulf countries, and other countries or regions. 
The variety of documented VIM and GES genes appears to 
be greater in the countries of the Arabian Gulf, compared 
with the other countries and regions. In contrast, fewer IMP-
type genes were reported in the Arabian Gulf, compared with 

Fig. 2  Rates of antimicrobial resistance (resistance data from the 
ATLAS database [53], except for the UAE [57]) or nonsusceptibil-
ity (non-susceptibility data from Oman presented to 1 decimal place 
but presented to the nearest whole number in the publication [20]) 
and difficult-to-treat resistance (DTR data from the ATLAS data-
base [53]) among P. aeruginosa (2016–2021). Rates of antimicrobial 
resistance or non-susceptibility were presented as the percentage of 
resistant or non-susceptible P. aeruginosa (determined using CLSI 
breakpoints [64]) of the total isolates collected. DTR was defined 
as resistance to >1 antimicrobial in each of the following classes: 
cephalosporins (ceftazidime, cefepime or ceftriaxone), carbapenems 
(imipenem, meropenem, doripenem or ertapenem), and quinolones 
(ciprofloxacin or levofloxacin). Total isolate numbers [years of col-
lection] were: KW, 757 (CZA, CST: 721) [2016–2021]; OM, 2362 
[2016 and 2017]; QA, 116 [2019–2021]; SA, 160 (CZA, CST: 140) 
[2016, 2018–2021]; UAE, 9402 [2020]; IN, 1405 (CZA and CST: 

1365) [2016, 2018–2021]; PK, 36 [2016 and 2017]; EMR incl Greece 
(Greece, Jordan, Israel, and Turkey), 2561 (CZA and CST: 2413) 
[2016–2021]; S. Europe excl Greece (Croatia, Italy, Portugal, Serbia 
and Spain), 6185 (CZA and CST: 5063) [2016–2021]; North Amer-
ica (Canada and United States), 5601 (CZA and CST: 4876) [2016–
2021]; Latin America (Argentina, Brazil, Chile, Colombia, Costa 
Rica, Dominican Republic, Mexico, Panama and Venezuela), 6380 
(CZA and CST: 5808) [2016–2021]; and Southeast Asia (Malaysia, 
Philippines, Singapore, Thailand and Vietnam), 2126 (CZA and CST: 
2027) [2016–2021]). AMK, amikacin; CZA, ceftazidime-avibactam; 
CST, colistin; DTR, difficult-to-treat resistance; EMR, Eastern Medi-
terranean region; excl, excluding; IN, India; incl, including; KW, 
Kuwait; MEM, meropenem; OM, Oman; PK, Pakistan; QA, Qatar; 
S., Southern; SA, Saudi Arabia; TZP, piperacillin-tazobactam; and 
UAE, United Arab Emirates. -, no data collected for these antimicro-
bial agents in the selected countries
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North America, Latin America, and Southeast Asia. Fewer 
types of NDM and KPC genes were documented among P. 
aeruginosa in the Arabian Gulf and the other countries and 
regions (Fig. 3, Supplementary Table 4). Molecular charac-
terization studies conducted in the individual Arabian Gulf 
countries are described below.

3.2.1  Bahrain, Kuwait and Qatar

The upregulated expression of genes mexB, mexD, mexF and 
mexY was identified in 8% of tested ciprofloxacin-resistant 
P. aeruginosa isolates [17]. The same isolates also showed 
a decrease in ciprofloxacin minimum inhibitory concentra-
tion (MIC) by the efflux pump inhibitor carbonyl cyanide 
3-chlorophenylhydrazone. Among imipenem-resistant P. 
aeruginosa isolates collected from community, hospital, and 
ICU patients in Bahrain, 52.5% carried MBL genes; mostly 
VIM-type (90.4%) [16]. One isolate was NDM-1-positive, 
and one isolate carried both VIM and NDM-1 genes.

Data on the β-lactamase genes carried by P. aeruginosa 
isolates in Kuwait are scarce. A global antimicrobial surveil-
lance study that included countries in the Middle East-Africa 

region showed that 11 isolates of VIM-2-positive and 3 
VIM-4-positive P. aeruginosa were collected in Kuwait [8].

Among 75 MDR (defined according to [5]) P. aeruginosa 
isolates from two centers in Qatar, 96.0% possessed class C 
and/or class D β-lactamases, while MBLs were detected in 
26.7% of the isolates (blaVIM-2, blaVIM-5 and blaIMP-2) [27]. 
One (1.3%) isolate co-carried both blaVIM-2 and blaIMP-1 and 
all four β-lactamase classes were present in three (4.0%) 
isolates. The ESBL gene blaVEB-9 (formerly known as 
blaVEB-1a) was identified as the most frequent ESBL gene 
(25.3%). High-risk clones ST235 (21.3%), ST357 (10.7%), 
ST389 and ST1284 (8.0% each) were mostly identified. Most 
ST235 isolates (93.8%) were resistant to all tested β-lactams. 
In an additional study from Qatar, sequencing of 78 MDR 
P. aeruginosa revealed 29 different sequence types with 
the predominance of ST235 (20.5%), followed by ST357 
(10.3%), and ST389 and ST1284 (7.7% each) [38]. ST233 
was associated with bloodstream infections and increased 
30-day mortality, while all ST389 were isolated from cystic 
fibrosis patients.

Fig. 3  Distribution of β-lactamase genes among P. aeruginosa from 
the Arabian Gulf countries and other countries/regions (2010–2021) 
(genotype data from each country/region are shown in Supplemen-
tary Table 4). Circles show the genotype number of each β-lactamase 
gene detected in a country or region and ‘type’ represents an iden-
tified β-lactamase gene that has not been sub-typed. EMR, Eastern 

Mediterranean Region; inc, including; excl, excluding; NDM, New 
Delhi metallo-β-lactamase; VIM, Verona integron-encoded metallo-
β-lactamase; IMP, imipenemase; GES, Guiana extended-spectrum; 
KPC, Klebsiella pneumoniae carbapenemase; and UAE, United Arab 
Emirates
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3.2.2  Saudi Arabia

Two studies found that blaVEB genes were predominantly 
harbored by phenotypically ESBL-positive P. aeruginosa 
isolates (68.0% and 87.0%, respectively) [28, 29]. Tawfik 
et al. [28] also identified blaOXA-10 genes in 56.0% of ESBL-
producing isolates, followed by blaGES in 20.0%. Both stud-
ies found that all MBL-producing P. aeruginosa isolates car-
ried blaVIM genes but neither study found blaPER, blaTEM, 
blaSHV or blaCTX-M among the ESBL genes, nor blaIMP, 
blaGIM, blaSIM, blaSPM or blaNDM among the MBL genes 
[28, 29]. Tawfik et al. [28] suggested that the higher percent-
age of blaVEB than blaOXA-10 and blaGES ESBL genes could 
be due to residents from regions with a higher prevalence of 
blaVEB genes (such as blaVEB-1 in Southeast Asia) living in 
Saudi Arabia. In addition, the collection of clinical P. aer‑
uginosa isolates was not dominated by any single clone and 
the identification of multiple bla genes did not solely reflect 
the spread of a single outbreak strain [28, 29].

A subsequent study by Al-Agamy et al. [39] also found 
that the predominant ESBL was VEB-1 (47.1%), followed 
by OXA-10 (41.2%) and GES (8.8% [GES-1, GES-4 and 
GES-6]) among CR P. aeruginosa isolates. As previously 
found, the most common MBLs were VIM-type, but in 
this later study, IMP-7 was also found [28, 29, 39]. Further 
analysis showed the downregulation of OprD porin gene 
expression in nine (26.5%) isolates and an upregulation of 
MexAB efflux pump gene expression in five (14.7%) isolates 
[39]. Six different serotypes and 14 different pulsotypes were 
detected; of which all 9 serotype O:15 strains were found 
to have the same pulsotype (F) and the same mechanism of 
resistance (OXA-10 and VEB-1a).

A multicenter study investigating the carriage of MBL 
genes in 39 CR P. aeruginosa isolates found that 28.2% 
were phenotypic carbapenemase-producers, with VIM being 
the dominant MBL detected (72.7% [VIM-2, VIM-6 and 
VIM-28]). Three isolates carried the blaGES-5 gene. No IMP-
producing genes were detected among any P. aeruginosa 
isolates [31].

In a study of digestive tract colonization by P. aeruginosa 
in ICU patients, 5 of 13 CR P. aeruginosa isolates from rec-
tal swabs were shown to carry MBL carbapenemases (4 with 
NDM and 1 with VIM) [40]. AmpC overexpression, which 
has been linked with carbapenem resistance when coupled 
with porin mutations, was detected in eight isolates of CR P. 
aeruginosa. The overexpression of blaAmpC in these isolates 
may have arisen due to the overuse of β-lactams, such as 
ceftazidime, which can cause derepression of AmpC. The 
authors reported that this was the first study in the Arabian 
Gulf region to document AmpC overexpression in CR P. 
aeruginosa isolates [40].

3.2.3  United Arab Emirates

In a cross-sectional survey on carbapenem-non-susceptible 
P. aeruginosa, the VIM-type MBL carbapenemases were 
most common among a subset of 37 that were analyzed 
(32.4% [VIM-2, VIM-30, VIM-31 and VIM-42]) [36]. A 
single VIM-2-carrying isolate was also GES-9-positive, 
while one VIM-42-positive isolate co-carried GES-5. No 
other investigated MBL genes were detected, nor were KPC 
carbapenemases. Outer membrane impermeability was 
observed in 73% of isolates and 75.6% displayed overpro-
duced MexAB-OprM efflux pump. Seven distinct clones 
were identified, one of which comprised 81.1% of isolates 
across all hospitals (including 11 out of the 12 isolates that 
were VIM- and GES-positive), suggesting clonal dissemina-
tion [36].

3.3  Changes in Antimicrobial Resistance Since 2011 
in the Arabian Gulf Region

3.3.1  Kuwait

Between 2012 and 2021, there were net increases of antimi-
crobial resistance to amikacin (3.2%), ceftazidime (15.1%), 
cefepime (5.6%), and piperacillin-tazobactam (7.1%) [53] 
(Table 2). Resistance to levofloxacin remained stable (−0.4% 
net change), and to meropenem (−7.4% net change). Fol-
lowing 2019, the rates to all agents appeared to decrease 
annually.

3.3.2  Qatar

Between 2011 and 2018, the rates of non-susceptibility to 
amikacin and ceftazidime remained stable (net changes, 
0.0% and −1.0%, respectively), whereas non-susceptibil-
ity to cefepime, meropenem and piperacillin-tazobactam 
increased (by 4.0%, 4.0%, and 13.0%, respectively) [56] 
(Table 2). ATLAS 2021 data showed higher rates of non-
susceptibility than in 2011 for all tested agents except ami-
kacin [53] (Table 2).

3.3.3  Saudi Arabia

In a 6-year, multicenter national antimicrobial surveillance 
study, the trend was increased resistance to aztreonam, imi-
penem and meropenem, with overall percentage increases 
during the study period of 17.3%, 12.3% and 11.6%, respec-
tively [41]. Overall percentage decreases in resistance during 
the study period were shown to netilmicin, amikacin and 
tobramycin (by 10.0%, 5.9% and 5.0%, respectively). Resist-
ance to the other antimicrobials on the test panel (including 
ciprofloxacin, piperacillin-tazobactam, ceftazidime, levo-
floxacin, cefepime, colistin and gentamicin), remained stable 
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with <5% overall change. In another 6-year antimicrobial 
surveillance study, the susceptibility of. P. aeruginosa to 
ceftriaxone, ceftazidime and meropenem decreased over the 
study period, but remained stable to cefepime, amikacin, 
ciprofloxacin, and increased to gentamicin and trimetho-
prim-sulfamethoxazole [41].

ATLAS antimicrobial resistance data were not collected 
in 2014 or 2017, but resistance rates to all tested agents were 
higher in 2011–2013 than 2018–2021. Between 2018 and 
2021, there appeared to be a decrease in resistance to all 
agents tested [53] (Table 2).

3.3.4  United Arab Emirates

In the UAE, P. aeruginosa showed a horizontal trend for 
resistance to fluoroquinolones, and to third- and fourth-gen-
eration cephalosporins, and showed a decreasing trend for 
resistance to aminoglycosides. Amikacin and piperacillin-
tazobactam resistance decreased by 1.8% and 3.8%, respec-
tively, and resistance to ceftazidime, cefepime and merope-
nem remained stable (net changes, 0.8%, −1.0%, and 0.1%, 
respectively) (Table 2). Nevertheless, from 2016 to 2020, 
both carbapenems, imipenem and meropenem, showed a 
decreasing trend of resistance. The percentage of MDR, 
XDR, and possible PDR isolates generally declined from 
2010 to 2020 [57].

4  Discussion

The studies above describe important published findings on 
antimicrobial resistance among isolates of P. aeruginosa 
in the Arabian Gulf countries since 2010. More informa-
tion is now known about the genes and mechanisms driv-
ing resistance among P. aeruginosa in these countries, and 
about the antimicrobial agents that could be used against P. 
aeruginosa infections in a hospital or ICU setting. Recent 
data (2016–2021) on antimicrobial resistance among clinical 
isolates of P. aeruginosa show that resistance to meropenem 
was highest (10.3–45.7%) among the agents presented [53]. 
In Kuwait, there was an overall increase in resistance rates 
from 2012 to 2021 to most antimicrobial agents presented, 
although levofloxacin and meropenem resistance appeared 
to fluctuate [53]. Data collected over the last 12 years from 
Saudi Arabia showed an increase in resistance to aztreonam, 
imipenem and meropenem, and a decrease in susceptibility 
of. P. aeruginosa to ceftriaxone and ceftazidime [41, 42]. The 
reported increase in resistance rates is alarming, and contin-
ued surveillance is needed to monitor these upward trends. 
The significantly higher rate of resistance to meropenem than 
to other tested agents among P. aeruginosa in one study from 
Saudi Arabia was suggested to be due to over-prescribing of 
broad-spectrum antimicrobial agents, such as carbapenems 

[32]. Prior antibiotic treatment was found to be associated 
with MDR P. aeruginosa infections, according to studies in 
Saudi Arabia and Qatar [24, 34]. Further studies are warranted 
to correlate antimicrobial use in P. aeruginosa infections with 
the current resistance profiles in the Arabian Gulf countries.

In treatment guidance from the IDSA, DTR among P. 
aeruginosa is defined as non-susceptibility to piperacillin-
tazobactam, ceftazidime, cefepime, aztreonam, meropenem, 
imipenem-cilastatin, ciprofloxacin and levofloxacin [8]. 
The most common MDR profile among P. aeruginosa in 
the study by Karlowsky et al. [14] was non-susceptibility to 
aztreonam, ceftazidime, cefepime, ciprofloxacin, imipenem 
and piperacillin-tazobactam. These resistance profiles leave 
few antimicrobial agents with known activity against P. aer‑
uginosa, one of which is colistin. Colistin demonstrated the 
highest antimicrobial activity among the studies reported in 
this review, including those with subsets of antimicrobial-
resistant phenotypes; however, owing to the increased use of 
colistin as a last-resort agent for infections caused by MDR 
and XDR strains, colistin resistance among MDR and XDR 
P. aeruginosa is emerging worldwide. Thus, resistance 
mechanisms in these antimicrobial-resistant phenotypes are 
being investigated [58–60]. Therefore, colistin resistance 
among P. aeruginosa requires continued surveillance and 
suitable monitoring systems to report the dissemination rate 
of these resistance genes.

It has been suggested that the Middle East region could 
act as a secondary reservoir for NDM carbapenemases, 
on account of population flow to the Middle East from 
countries of the Asian subcontinent, such as India or Paki-
stan [61, 62]. While NDM- and VIM-type β-lactamase 
genes are predominant in the Asian subcontinent, only 
four isolates included in this review were found to har-
bor NDM-type genes (one from Bahrain and three from 
Saudi Arabia) [16, 40]. The lack of molecular data and 
proper representation could be a contributing factor to 
this observation. Further research and enhanced surveil-
lance efforts are needed to fully understand the distribution 
and prevalence of NDM-type genes. Although the VIM 
β-lactamase appears to be dominant in the Arabian Gulf, 
multiple resistance mechanisms were found to cause car-
bapenem resistance in most P. aeruginosa isolates from 
Saudi Arabia and the UAE [28, 29, 31, 36, 39]. Multiple 
clones of MDR P. aeruginosa were also identified in Bah-
rain, Qatar, Saudi Arabia, and the UAE, including ST235, 
ST233 and ST357 which are deemed as high-risk clones 
[27, 38]. Their associated MDR phenotypes are a cause 
for concern. Clonal dissemination was also discussed by 
Ayoub Moubareck et al. [36] regarding their study find-
ings of seven distinct clones among carbapenem-non-
susceptible P. aeruginosa isolates from the UAE. This is 
also concerning as clonal dissemination contributes to the 
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spread of P. aeruginosa pathogens that carry β-lactamase 
genes and are antimicrobial-resistant.

When comparing antimicrobial susceptibility or resist-
ance data from different studies of antimicrobial surveillance 
or prevalence (whether national, regional or global), it is 
vital to be aware of the limitations of comparisons made. 
We express similar limitations to the observations noted by 
the European Centre for Disease Prevention and Control on 
inter-country comparisons and national trends of surveil-
lance data on antimicrobial resistance, such as population 
coverage, sampling, laboratory routines [63]. Some of the 
most important potential sources of bias are the various 
protocols for antimicrobial susceptibility testing, the use of 
guidelines for clinical breakpoints, various isolate sources 
and numbers of isolates, the sizes of the hospitals (and 
whether single- or multi-center), and single versus multi-
ple study years. Details on isolate collection and suscepti-
bility testing, where available, for each study are noted in 
Supplementary Table 2. Data from individual non-national 
studies may not reflect the trends of the whole country and 
might generate inaccurate reporting bias for prevalence rates, 
microbiological characteristics, or mechanisms of genetic 
resistance. Furthermore, it is important to acknowledge that 
excluding papers published in Arabic language may limit the 
scope of the study and the perspectives represented.

Despite these limitations, the sharing of data on the local, 
national, and international levels of antimicrobial-resistant 
P. aeruginosa may serve to improve public health, inform 
health policies, provide evidence for developing treatment 
guidelines, and monitor the trends and spread of resistance. 
Local epidemiology data can inform the implementation of 
infection prevention and control, and antimicrobial stew-
ardship programs in the respective healthcare institutions. 
Together, these factors need to be addressed as a matter of 
urgency to establish a more comprehensive and representa-
tive antimicrobial resistance surveillance system to monitor 
the threat of the opportunistic pathogen P. aeruginosa.
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