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Introduction: Pseudomonas is a group of ubiquitous non-fermenting

Gram-negative bacteria (NFGNB). Of the several species associated with humans,

Pseudomonas aeruginosa (PA) can acclimate to diverse environments. The global

frequency of PA infections is rising and is complicated by this organism’s high

intrinsic and acquired resistance to several clinically relevant antibiotics. Data on

the epidemiology, levels, and trends of antimicrobial resistance of PA in clinical

settings in the MENA/GCC region is scarce.

Methods: A retrospective 12-year analysis of 56,618 non-duplicate diagnostic

Pseudomonas spp. from the United Arab Emirates (UAE) was conducted. Data

was generated at 317 surveillance sites by routine patient care during 2010–2021,

collected by trained personnel and reported by participating surveillance sites

to the UAE National antimicrobial resistance (AMR) Surveillance program. Data

analysis was conducted with WHONET (https://whonet.org/).

Results: Among the total isolates (N = 56,618), the majority were PA

(95.6%). Data on nationality revealed 44.1% were UAE nationals. Most isolates

were from soft tissue (55.7%), followed by respiratory tract (26.7%). PA was

more commonly found among inpatients than among outpatients, followed

by ICUs. PA showed a horizontal trend for resistance to fluoroquinolones,

3rd- and 4th-generation cephalosporins, and decreasing trends of resistance

for aminoglycosides and meropenem. The highest percentage of multidrug

resistant (MDR) isolates was reported in 2011 at 35.6%. As an overall

trend, the percentage of MDR, extensively drug-resistant (XDR), and possible

pandrug-resistant (PDR) isolates generally declined over the study period.

Carbapenem-resistant PA (CRPA) were associated with a higher mortality (RR: 2.7),

increased admission to ICU (RR: 2.3), and increased length of stay (LOS) (12 excess

inpatient days per case), as compared to carbapenem-susceptible PA (CSPA).
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Conclusion: The resistance trends in Pseudomonas species in the UAE indicated

a decline in AMR and in percentages of Pseudomonas isolates with MDR and XDR

profiles. The sustained Pseudomonas spp. circulation particularly in the hospital

settings highlights the importance of surveillance techniques, infection control

strategies, and stewardship to limit the continued dissemination. This data also

shows that CRPA are associated with higher mortality, increased ICU admission

rates, and a longer hospitalization, thus higher costs due to increased number of

in-hospital and ICU days.

KEYWORDS

Pseudomonas, P. aeruginosa, multidrug-resistance, national surveillance,

healthcare-associated infections, antibiotics, antimicrobial resistance (AMR), UAE

1 Introduction

Pseudomonas is a group of ubiquitous non-fermenting Gram-
negative bacteria (NFGNB) (1). Of the several species associated
with humans, Pseudomonas aeruginosa (PA) can acclimate to
diverse environments due to a varied array of metabolic pathways
and inherent pathogenicity due to the existence of several
pathogenicity factors and its high genetic flexibility (2). The global
frequency of PA infections is rising. This might be attributable in
part to the growing incidence of PA infection risk factors, such as
an increasing aging population, an increase in long-term illness
burden, augmented use of medical devices, and an upsurge in
the quantity of immunocompromised persons (1). Enhanced hand
hygiene and infection control strategies were projected to reduce
the prevalence of several nosocomial infections in hospital settings
during the Coronavirus Disease 2019 (COVID-19) pandemic,
though this result was not universal (3, 4).

The most common infections caused by PA are respiratory
tract infections [such as hospital-acquired pneumonia (HAP) or
ventilator-associated pneumonia (VAP)], urinary tract infections
(UTI), bloodstream infections (BSI), skin and soft tissue infections,
otitis externa and chronic infections in cystic fibrosis (CF) patients
(5–7). Lower respiratory tract infections caused by PA have a
frequency of 10–20% in VAP (6). The mortality rate in PA-
VAP and bloodstream infections may be as high as 40% (8).
PA infections are exacerbated by this organism’s high inherent
and acquired resistance to several presently available antibiotics,
resulting in increased total healthcare costs and severe, life-
threatening disease (9–12).

PA is widely recognized for its ability to resist several
antimicrobial agents. According to the World Health Organization
(WHO) and the Centers for Disease Prevention and Control
(CDC), additional antibiotic research is urgently needed for this
one among the priority pathogens, known as the ESKAPE (13, 14).
Due to a shortage of treatment choices, clinicians are finding
it increasingly challenging to treat PA infections. In 2018, the
term “difficult-to-treat resistance” (DTR) was coined. DTR-PA is
resistant to a wide range of clinically relevant antibiotics, including
ciprofloxacin, levofloxacin, ceftazidime, cefepime, meropenem,
aztreonam, piperacillin-tazobactam, and imipenem-cilastatin (4).
Resistance mechanisms in PA are classified as intrinsic, acquired,

or adaptative. PA is recognized for its intrinsic antibiotic resistance,
which is associated with decreased outer membrane (OM)
permeability, the formation of efflux pump systems, and the
manufacture of antibiotic-inactivating enzymes (15–17). These
pathways may be involved in bacterial resistance to β-lactams,
quinolones, aminoglycosides, and polymyxins (18, 19). PA has
active/overexpressed multidrug efflux pumps, which contribute
significantly to antibiotic resistance (9, 20). Aminoglycoside-
modifying enzymes and β-lactamases (including penicillinases,
cephalosporinases, cephamycinases, and carbapenemases) are
produced by PA, capable of selectively inactivating or modifying
antibiotics (21–25).

In contrast to intrinsic resistance, acquired resistance is heavily
impacted by external factors such as antibiotic exposure (26).
Bacterial adaptive resistance is a process that allows bacteria to
temporarily strengthen their resistance to the effects of antibiotics
or other stresses. Changes in gene and protein expression occur in
response to environmental factors. However, when environmental
conditions improve, this form of resistance is frequently reversible
(9, 17). In PA, these techniques include biofilm production and
persister cell growth (27–29).

In a point prevalence study of 28 European countries from
2016 to 2017, PA was the fifth most prevalent cause of hospital-
acquired infections (HAI) (30). PA has been found in up to 23%
of ICU-acquired infections (31), with resistant PA reaching 48.7%
(32). Resistance to piperacillin-tazobactam and meropenem was
equivalent in Western Europe and the United States (23%) but
greater in Eastern Europe (34.7%) in patients hospitalized with
pneumonia between 2019 and 2021 (33). Every year, MDR PA
causes 13–19% of HAIs in the United States (34). In Europe,
particularly in Greece, MDR and XDR isolates are prevalent (35).
A retrospective study of adult hospitalized PA patients in Thailand
discovered that XDR strains caused 22% of infections, resulting
in significantly higher mortality (36). Another prospective study
involving 1,915 ICU patients in India during 2014–2015 found that
MDR and XDR strains caused 47.7% of PA infections (37).

MDR PA was most often detected in ICU patients in Saudi
Arabia (38). In a 5-year retrospective study conducted in a Saudi
multi-hospital healthcare system, meropenem and ceftazidime had
the lowest (82–83%) susceptibility (39). Previous studies reported
15% carbapenem resistance in PA in Oman (40) and 41% in
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Lebanon (41). In a retrospective study conducted in Tawam
hospital, Al Ain, from 2004 to 2008, PA showed significant
reductions in sensitivity to almost all the antibiotics tested (42). In
Dubai hospitals, 23.9% of PA are carbapenem-resistant and most of
the strains are part of a large clone, showing clonal dispersion (43).

Treatment options for a suspected/confirmed susceptible PA
strain should be conservative, saving newer antibiotics and picking
the optimum alternative for MDR/XDR isolates depending on
particular resistance mechanisms. Cefiderocol and imipenem-
cilastatin-relebactam due to broad antibacterial activity, including
against carbapenem-resistant may remain active in situations when
other new antibiotics have failed (44).

The increased threat posed by AMR infections extends
beyond developing nations to the Middle East and North Africa
(MENA) area. The United Arab Emirates (UAE) is a country
in the Gulf Cooperation Council (GCC) region recognized for
its cosmopolitan atmosphere, diversity of races and cultures, and
rising prominence as an international travel, tourist, financial, and
health sector hub. The spread of resistant pathogens is facilitated
by a diverse and heterogeneous population, and PA is no exception.
Nonetheless, there has never been thorough, long-term research
of the evolution and variations in PA resistance traits in the
UAE. Because PA species are nosocomial and robust, longitudinal,
retrospective surveillance studies of such infections in the UAE
are necessary. The objective of the current study is to describe
the longitudinal changes in the nationwide antimicrobial resistance
aspects of PA spanning all seven emirates of the UAE. It represents
the first documentation of antimicrobial resistance in PA isolated
from UAE medical centers over a period of 12 years, from 2010
to 2021.

2 Materials and methods

2.1 Study design and data source

Data were generated and cleaned through the UAE national
AMR Surveillance programs as described by Thomsen et al. (45,
46). The UAE national AMR surveillance program has adopted the
Global AMR Surveillance System protocol (GLASS, World Health
Organization). Participation of surveillance sites and laboratories,
as well as nomination of AMR surveillance focal points is the
initiative of each individual site. A multi-institutional retrospective
observational study was conducted between 2010 and 2021 in
the UAE using data gathered through the national WHONET
microbiology laboratory database software (http://www.whonet.
org).

2.2 Identification and enrollment of
national AMR surveillance sites

In 2010, AMR surveillance was established by the Department
of Health Abu Dhabi (DoH) in the Emirate of Abu Dhabi.
In 2014, the Ministry of Health and Prevention established
AMR surveillance at the national level. As such, starting 2010,
UAE institutions were gradually enrolled into the UAE national
AMR surveillance program, and enrollment was based on

epidemiological needs assessment, readiness, and willingness of
facilities to participate, availability of high-quality electronic AMR
data, lab accreditation status, and qualification and training of staff.
Since 2014, hospitals, centers, and clinics were representing all
seven emirates of the UAE (45, 46).

2.3 Bacterial population and variables of
the study

All Pseudomonas spp. isolated from clinical samples by medical
professionals in the National AMR surveillance sites were included
in this study from January 2010 to December 2021. Only the first
isolate per patient, species and reporting period was included in
the surveillance analysis. Not included were quality control isolates,
screening isolates, duplicate isolates, non-diagnostic isolates (e.g.,
infection control isolates, environmental isolates), and isolates from
primary contaminated sources (pedibag).

The associated patient demographic, clinical, and
microbiologic data of laboratory test results were extracted.
The demographic variables included age, sex, nationality,
patient location (e.g., ward, clinic), patient location type (e.g.,
inpatient, outpatient, ICU), facility type reporting the isolate
(hospital/center/clinic). Clinical variables included discharge
health outcome (death/alive), and microbiology variables included
specimen collection date, specimen source, organism name,
antibiotic name, and antibiotic susceptibility testing results. The
infection was considered community acquired if it originated
outside the clinical environment in cases of outpatients or patients
presenting with the infection at the emergency department. The
infection was considered nosocomial if the infection was identified
in an inpatient setting such as critical (ICU) or non-critical
(non-ICU) care environment. The U.S. Centers for Disease
Prevention and Control (CDC) definitions for hospital-acquired
and community acquired definitions (HAI/CAI) could not be
strictly applied as case-based clinical data for establishing a
diagnosis of HAI/CAI was not routinely available.

2.4 Bacterial identification

Bacterial identification was performed at the national AMR
surveillance sites by medical professionals. The participating
centers used at least one commercial, automated system for
identification of bacteria, including VITEK

R©
(BioMérieux SA,

Craponne, France), BD PhoenixTM (Becton Dickinson, New Jersey,
USA) and MicroScan WalkAway (Beckman Coulter, Brea, CA,
USA). Only one lab relied onmanual systems like API

R©
(Analytical

Profile Index. BioMérieux SA, Craponne, France) solely for
identification. Unusual test results were confirmed locally.

2.5 Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed at the
National AMR surveillance sites using at least one commercial,
automated system for routine antimicrobial susceptibility testing.
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FIGURE 1

The number of participating sites over the years of the surveillance period—by Emirate (UAE, 2010–2021).

Only two laboratories used manual testing methods (disc
diffusion/Kirby Bauer). The antibiotics that were tested for
susceptibility were selected as per clinical requirements for routine
patient care by the participating surveillance laboratories. All labs
followed CLSI guidelines for antimicrobial susceptibility testing
of bacteria (CLSI-M100) (47). To assess the MDR phenotype
of the isolates, as well as the possibly extensively drug-resistant
(XDR) and possibly pandrug-resistant (PDR) phenotypes, a
modified version of the standard definition by Magiorakos et
al. was used (12). Magiorakos’ et al. definitions for XDR and
PDR phenotypes for Pseudomonas spp. include 8 antimicrobial
categories with 17 antibiotic agents. For technical reasons,
associated costs, and local formulary requirements, participating
laboratories would not routinely test all 17 antibiotics, i.e., some
antibiotics were only very rarely or not at all tested. As such,
the following, slightly modified definitions were used for “possible
XDR” and “possible PDR” isolates (modifications highlighted
in italics):

• “Possible XDR”: Non-susceptibility to at least one agent
routinely tested by clinical labs in all but two or fewer
antimicrobial categories (i.e., bacterial isolates remain
susceptible to only one or two categories).

• “Possible PDR”: Non-susceptibility to all agents routinely

tested by clinical labs in all antimicrobial categories (i.e., no
agents were tested as susceptible for that organism).

Multidrug-resistant (MDR) bacteria are those that are non-
susceptible to at least one agent in three or more antibiotic classes;
extensively drug-resistant (XDR) bacteria are those that are non-
susceptible to at least one agent in all categories but susceptible to

two or less antimicrobial categories; and pan-drug-resistant (PDR)
bacteria are those that are non-susceptible to all agents in all
antimicrobial categories (12).

2.6 Statistical analysis

We determined the annual trends of antimicrobial resistance
if data were available for at least five consecutive years. Where
fewer than 30 isolates per year were reported, or data was not
available for all the years within the study period, trend analysis
for antimicrobial resistance was not conducted. We assessed the
statistical significance of trends of antimicrobial resistance by using
a Chi-square for trend test (extended Mantel-Haenszel). This was
computed using Statistical Package for the Social Sciences (SPSS)
v29 software package. EpiInfoTM (https://www.cdc.gov/epiinfo/
index.html) was used for assessing the significance of difference
in mortality rates and ICU admission rates, for which a Chi2-test
of independence was applied. To evaluate differences in length of
stay (LOS) between patients with CSPA and patients with CRPA,
we performed a weighted log -rank test. For all statistical analysis
tests a p-value of p < 0.05 was considered significant.

3 Results

3.1 Distribution of reporting sites for
national AMR surveillance

AMR surveillance in the United Arab Emirates was initiated in
2010 in the Emirate of Abu Dhabi by the Health Authority Abu
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Dhabi, with six hospitals and 16 centers/clinics enrolled. In 2014,
the Ministry of Health and Prevention (MOHAP) initiated AMR
surveillance on the national level. Additional sites were enrolled
over the years, starting with the 22 participating sites located only
in the Emirate of Abu Dhabi in 2010, which is the first year during
which the study was initiated, and reaching in 2021 a total of 317
surveillance sites, including 87 hospitals and 230 centers/clinics and
representing all seven emirates of the country. Figure 1 represents
the distribution of reporting sites by Emirate from 2010 to 2021. It
is worth mentioning that the Emirate of Abu Dhabi had the highest
number of contributing sites, namely 141 (44.2%) out of the total
317 sites enrolled in this study.

3.2 Bacterial population

From 2010 to 2021, a total of 56,618 non-repetitive
Pseudomonas spp. were isolated from an equivalent number

TABLE 1 Number of Pseudomonas spp. reported (2010–2021), N =

56,618.

Sl.
No.

Organism Number
of isolates

(%)

1 Pseudomonas aeruginosa 54,130 95.61

2 Pseudomonas sp. 908 1.61

3 Pseudomonas putida 782 1.40

4 Pseudomonas stutzeri 391 0.70

5 Pseudomonas fluorescens 299 0.53

6 Pseudomonas mendocina 58 0.10

7 Pseudomonas pseudoalcaligenes 25 0.04

8 Pseudomonas alcaligenes 24 0.04

9 Pseudomonas anguilliseptica 1 0.02

Total 56,618 100

of patients over the surveillance period. The number of isolates
increased from 770 in 2010 to 9,699 in 2021, corresponding with
the increasing number of reporting sites (2010: n = 22; 2021:
n = 317). A steady increase in the number of reported isolates
occurred, particularly in 2020 (n = 8,783) and 2021 (n = 9,699)
during the COVID-19 pandemic. As shown in Table 1, among
the total isolates reported, the majority were PA (95.6%). Figure 2
represents the number of Pseudomonas spp. included per year.
Since the number of reporting sites was increasing over the study
period (2010–2021), the number of reported isolates was increasing
as well.

3.3 Distribution of P. aeruginosa patients by
gender, age, nationality status, and hospital
location

A consistent preponderance of males and adult patients was
observed (Table 2; Figures 3, 4). PA were mostly associated with
adults (79.8%), as compared to children and newborns (20.2%).
Data on nationality was available for 30,818 patients of whom
44.1% were UAE nationals while the remaining 55.9% of patients
comprised of expatriate individuals from across 144 nationalities
(Figure 5). There was a decreasing trend of percentage Emiratis
with PA, which was statistically highly significant (p < 0.001). Most
patients were detected in the Emirate of AbuDhabi (29,721; 54.9%),
followed by Dubai (12,606; 23.3%), Sharjah (3,989; 7.4%), Ras al
Khaimah (3,533; 6.5%), Umm Al Quwain (1,714; 3.1%), Ajman
(1,390; 2.6%), and Fujairah (1,177; 2.2%).

3.4 Distribution of P. aeruginosa by
specimen type group

Out of N = 54,130 non-duplicate PA isolates, most isolates
were from soft tissue (45.7%), respiratory tract (26.7%), and urine

FIGURE 2

Number of Pseudomonas aeruginosa isolates/patients reported per year (UAE, 2010–2021), N = 54,130.

Frontiers in PublicHealth 05 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1243973
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Thomsen et al. 10.3389/fpubh.2023.1243973

(19.8%), followed by blood (2.8%), genital (0.8%), stool (0.3%),
cerebrospinal fluid (0.05%), and others (3.8%).

3.5 Distribution of P. aeruginosa by location
(inpatient/outpatient) and department

PA was more commonly found among inpatients (42.6%,
including ICU: 11.5%) than among outpatients (33.6%). The
majority of the patients were enrolled in medical (20.4%) and
surgical (16.4%) departments.

TABLE 2 Demographic distribution of patients with Pseudomonas

aeruginosa −2010–2021.

Demographics Number of patients
(N = 54,130)

Percentage

Gender Male 21,989 40.62%

Female 16,290 30.10%

Unknown 15,851 29.28%

Age group Newborn 515 0.95%

Pediatric 6,718 12.41%

Adult 28,559 52.76%

Unknown 18,338 33.88%

Nationality Emirati 13,600 25.12%

Non-Emirati 17,218 31.81%

Unknown 23,312 43.07%

Hospital location Outpatient 18,166 33.56%

Inpatient
(excluding ICUs)

16,847 31.12%

Intensive Care Unit 6,223 11.50%

Others 12,894 23.82%

Definitions: Newborn = 0–30 days; Pediatric = between 30 days and 19 years; Adult =

>19 years.

3.6 Antimicrobial resistance trends for
P. aeruginosa

PA was most frequently tested for aminoglycosides (98.6% of
PA isolates), fluoroquinolones (98.5%), 3rd- and 4th-generation
cephalosporins (98.1%/94.6%), carbapenems (94.5%), and beta-
lactam/beta-lactamase-inhibitor (BL/BLI)-combinations (89.4%),
among other antibiotics (>50 antibiotics in total). PA showed
increasing or decreasing long-term trends of resistance (%R) for
several antibiotics during the study period (Figures 6, 7).

Among the beta-lactam antibiotics, resistance was highest
for carbapenems (2021: imipenem 14.1 %R, meropenem 11.4
%R), whereas piperacillin/tazobactam, ceftazidime, and cefepime
showed resistance levels of 7.8, 8.2, and 6.1%R, respectively
(2021). Among non-beta-lactam antibiotics, the highest resistance
was observed for ciprofloxacin (2021: 10.1%R). Resistance to
aminoglycosides (amikacin, gentamicin, tobramycin) was 2.9, 4.2,
and 4.2%R (2021), respectively.

PA showed a decreasing trend of resistance to broad-spectrum
penicillins (piperacillin-tazobactam: from 9.6%R in 2010 to 7.8%R
in 2021) (p < 0.001) and overall horizontal trends for resistance
to 3rd- and 4th-gen. cephalosporins (ceftazidime, cefepime).
Resistance trends for carbapenems were diverse: imipenem showed
a slightly increasing long-term trend of resistance, from 13.0%R
(2010) to 14.1%R (2021) (p < 0.001), whereas meropenem showed
a decreasing long-term trend of resistance, from 14.0%R (2010) to
11.4%R (2021) (p < 0.001). PA showed an overall horizontal trend
of resistance for fluoroquinolones (ciprofloxacin) and decreasing
trends of resistance for aminoglycosides (gentamicin, amikacin,
tobramycin). From a short-term perspective, it is noteworthy that
resistance levels were decreasing for all antibiotics studied during
the period 2010 to 2012, then increasing for all antibiotics during
the period 2012 to 2016 (reaching an all-time high in 2016),
then again decreasing during the period 2017–2019 (beta-lactam
antibiotics) or 2020 (non-beta-lactam antibiotics), and since then
increasing again until 2021.

FIGURE 3

Distribution of Pseudomonas aeruginosa patients per year—by gender (UAE, 2010–2021), N = 54,130.
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FIGURE 4

Distribution of Pseudomonas aeruginosa patients per year—by age group (UAE, 2010–2021), N = 54,130.

FIGURE 5

Number of Pseudomonas aeruginosa per year—by Nationality status (UAE, 2010–2021), N = 54,130 [13,600 (44.1%) Emiratis; 17,218 (55.9%)

non-national].

A sub-group analysis investigated antimicrobial resistance
trends of inpatients (ICU, non-ICU), as compared to outpatients
(outpatient and emergency departments, centers, clinics)
(Figure 8). Generally, resistance levels were higher for inpatients as
compared to outpatients. For piperacillin/tazobactam, PA showed
resistance levels between 9.4 and 16.1%R for inpatients, whereas
resistance levels were between 2.4 and 5.3%R for outpatients,
both with a decreasing trend over time (inpatient: p < 0.001,

outpatient: n.s.). For 3rd-gen. cephalosporins (ceftazidime),
resistance levels were between 9.1 and 12.2%R (inpatients), and
between 2.1 and 4.1%R (outpatients), both showing increasing
trends (inpatients: n.s., outpatients: p < 0.01). For 4th-gen.
cephalosporins (cefepime), resistance levels were between 6.3 and
8.7%R (inpatients), and between 1.6 and 4.2%R (outpatients),
both showing increasing trends (inpatients: n.s., outpatients:
n.s). For carbapenems (imipenem, meropenem), PA showed
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FIGURE 6

Resistance trends of Pseudomonas aeruginosa for beta-lactam antibiotics (UAE, 2010–2021).

FIGURE 7

Resistance trends of Pseudomonas aeruginosa for non-beta-lactam antibiotics (UAE, 2010–2021).

resistance levels between 11.1 and 22.9%R for inpatients, whereas
resistance levels were between 2.5 and 8.0%R for outpatients.
Both, imipenem and meropenem showed a slightly increasing
trend of resistance (%R) for inpatients and outpatients during
2010–2021, however these trends were statistically not significant.
For aminoglycosides (amikacin, gentamicin, tobramycin),

resistance levels were between 3.1 and 12.5%R (inpatients), and
between 1.5 and 6.8%R (outpatients), both showing decreasing
trends (inpatients: p < 0.001, outpatients: p < 0.05). For
fluoroquinolones (ciprofloxacin), PA showed resistance levels
between 9.6 and 14.1%R for inpatients, whereas resistance levels
were between 3.3 and 10.4%R for outpatients, both with an

Frontiers in PublicHealth 08 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1243973
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Thomsen et al. 10.3389/fpubh.2023.1243973

FIGURE 8

Resistance trends of Pseudomonas aeruginosa, inpatient vs. outpatient, United Arab Emirates, 2010–2021. (A) Piperacillin/Tazobactam, (B) 3rd- and

4th-gen. cephalosporins, (C) Carbapenems, (D) Aminoglycosides, (E) Fluoroquinolones.

increasing trend over time (inpatients: n.s., outpatients: p < 0.05)
(Figure 8).

The proportion of isolates with MDR phenotype, as shown
in Figure 9, being resistant to three or more classes of antibiotics
was 20.6% in 2010 and 13.1% in 2021. The highest percentage of
MDR isolates was reported in 2011 at 35.6%. Similarly, the highest
percentage of XDR isolates was reported in 2010 at 4.9% and of
possible PDR isolates in 2011 at 7.3%. As an overall trend, the
percentage of MDR, XDR, and possible PDR isolates generally
declined over the study period especially starting from the year
2016, as shown in Figure 9, although a slight increase has been
observed for %MDR between 2020 and 2021.

3.7 Mortality rate

A subgroup analysis including the nine clinical institutions
that reported mortality health outcome data was performed.
In these institutions, a total of 10,090 patients were associated
with carbapenem-susceptible P. aeruginosa (CSPA) of whom
706 patients died (mortality rate: 7.0%), while a total of

1,492 patients were associated with carbapenem-resistant
P. aeruginosa (CRPA), of whom 281 patients died (mortality
rate: 18.8%). The difference in mortality between CRPA
patients (18.8%) and CSPA patients (7.0%) is statistically
highly significant [RR = 2.6917 (2.3704, 3.0565), Chi-square
= 233.6096, p < 0.001]. CRPA patients were 2.69 times more
likely to be discharged as “expired” (i.e., dead), as compared to
CSPA patients.

3.8 Admission to intensive care unit

A total of 35,563 patients were associated with CSPA of whom
4,521 patients were admitted to ICU (ICU admission rate is
12.71%), while a total of 5,724 patients were associated with CRPA,
of whom 1,702 patients were admitted to ICU (ICU admission rate:
29.73%). The difference in ICU admission rate is statistically highly
significant [RR= 2.3390 (2.2288, 2.4546), Chi-square= 114.6626, p
< 0.001]. CRPA patients were 2.34 times more likely to be admitted
to ICU, as compared to CSPA patients.
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FIGURE 9

Trends of Pseudomonas aeruginosa isolates for multidrug-resistant (MDR), extensively drug-resistant (XDR), and possible pandrug-resistant (PDR)

phenotypes over the study period.

3.9 Length of stay

A subgroup analysis was conducted for inpatients for whom the
date of admission as well as the date of discharge from hospital were
known, i.e., the duration of hospitalization (length of stay, LOS)
could be calculated. For 3,521 patients associated with CSPA, the
median length of stay was 8 days, as compared to patients who were
associated with CRPA (n = 556), whose median length of stay was
20 days (Supplementary Figure 1). The difference in LOS was also
visualized using Kaplan-Meier curves (Supplementary Figure 2).
To assess if the observed difference in length of stay (LOS) was
statistically significant, we performed a weighted log-rank test
since group sizes were different and we gave more weight to the
smaller group so as to make them comparable. The chi square
test was 129, with a p < 0.0001, showing that the difference in
hospitalization duration (length of stay/LOS) between patients who
were associated with CSPA and those who were associated with
CRPA was statistically significant.

Based on a total of n = 7,607 patients associated with CRPA
during the observation period (2010–2021), a total of 91,284 excess
days of hospitalization were observed, attributable to CRPA. For
the year 2021 only (n = 1,296 CRPA cases), a total of 15,552 excess
hospitalization days were observed, attributable to CRPA.

4 Discussion

PA is a common, facultative pathogenic bacterium associated
with HAIs and the global frequency of PA infections is rising
(1). The emergence and dissemination of MDR and XDR PA are
serious public health concerns worldwide. MDR PA infections have
increased globally, accounting for up to 30% of PA infections in
some regions (48). This is the first comprehensive study in the

UAE to show the nationwide prevalence of Pseudomonas in clinical
settings, as well as changes in antibiotic resistance patterns. The
current study used a vast dataset accumulated over a relatively long
period of time, allowing for comprehensive monitoring of even
subtle variations in antibiotic resistance among Pseudomonas. This
kind of in-depth analysis has never been carried out before in the
country. The non-repetitive Pseudomonas samples studied in this
study have laboratory-confirmed identity and antibiotic resistance
profiles, demonstrating the validity of the microbiological material
used and the accuracy of the data gathered. The finding of a decline
in antibiotic resistance in Pseudomonas over around 12 years is
perhaps the most thought-provoking finding in this study, and this
was observed despite an increase in the number of participating
sites from 22 to 317, distributed across all seven Emirates.

The UAE has traditionally been a shelter for foreign residents
due to its cosmopolitan atmosphere and expat-friendly legislation.
Over 200 nationalities have made the UAE their home. The
bulk, 88.5% of the people here are expatriates. Indians and
Pakistanis are the major expatriate groups, accounting for 27.5
and 12.7% of the overall population, respectively (49). However,
according to our findings, around 25.2% of Pseudomonas were
isolated from Emirati nationals, whereas 5.3 and 4.1% were
isolated from Indian and Pakistani experts, respectively. These
observed findings should be read with caution because 43.1%
of the samples were ascribed to patients whose nationality was
not documented in the data, making it unavailable, and whose
nationalities were not recognized. With the UAE’s expatriate-
inclusive and multicultural environment expected to prevail in the
coming years, it may be an interesting niche to compare resistance
trends in Pseudomonas and how these differ by nationality. This
approach might shed light on socio-cultural aspects that would
be propagating antimicrobial resistance in UAE geographical
region (43, 50).
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However, because 46% of our samples were from individuals
from unknown countries, this study was unable to be performed
with our data but remains a fascinating avenue to follow.
Furthermore, most patients (54.9%) whose samples were acquired
for the study were Abu Dhabi residents. This is consistent with
Abu Dhabi being the first Emirate to commence AMR surveillance
as well as the Emirate of Abu Dhabi had the highest number of
contributing sites, namely 141 (44.2%) out of the total 317 sites
enrolled in this study. However, Dubai, not Abu Dhabi, is the most
populated Emirate, and samples from Dubai residents accounted
for only 23.3% of the sample analyzed in this study.

Approximately 96% of the reported isolates were PA. The
remaining proportion was composed of all other species, with P.

putida and P. stutzeri accounting for 1.4% and 0.7%, respectively,
while the rest of isolates collected within the study period
constituted 0.7%. Of the several species associated with humans,
PA can adapt to diverse environments due to a varied array of
metabolic pathways and implement pathogenicity owing to the
existence of several pathogenicity factors and its high genetic
flexibility (2).

PA was more commonly found among inpatients (42.6%,
including ICU: 11.5%) than among outpatients (33.6%). Most of
the patients were enrolled in medical (20.4%) and surgical (16.4%)
departments. In a point prevalence study of 28 European countries
from 2016 to 2017, PA was the fifth most prevalent cause of
hospital-acquired infections (HAI) (30). Pseudomonas has been
found in up to 24% of ICU-acquired infections worldwide (31),
with resistant PA reaching 48.7% in Brazil (32). A consistent
preponderance of adult male patients was observed. Infections
caused by PA showed a net reduction in infections in the neonatal
and pediatric population since 2016. Though studies show an
adult preponderance, PA was more prevalent in children than
in adults, in accordance with a recent study (51). In parallel to
findings of Sid Ahmed et al. (52), most isolates (26%) came from
the respiratory tract, followed by soft tissue samples (ear, 14.0%,
pus, 9.2%, and wound, 7.2%), urine (19.5%), and other. Notably,
the proportion of outpatient samples was 33.6%, showing that
Pseudomonas reservoirs are common outside of hospital settings,
where they might cause community-acquired pneumonia (53, 54).
The real presence of this organism in many environmental places,
as well as its transmission to patients in the community is noticeable
from our data and warrants additional investigation. PA infections
are complicated by this organism’s high intrinsic and acquired
resistance to several clinically relevant antibiotics, which raises
total healthcare costs and may result in severe, life-threatening
disease (9–11).

Throughout the study period, PA demonstrated an overall
decreasing trend in antibiotic resistance (%R) for several
clinically relevant antimicrobials. Carbapenems had the highest
resistance among beta-lactam antibiotics (2021: imipenem 14.1%;
meropenem 11.4%), while piperacillin/tazobactam, ceftazidime,
and cefepime exhibited resistance levels of 7.8, 8.2, and 6.1%,
respectively (2021). Studies have reported variable rates of
resistance to beta-lactam antibiotics. Resistance to piperacillin-
tazobactam and meropenem was equivalent in Western Europe
and the United States (23%) but greater in Eastern Europe (34.7%)
in patients hospitalized with pneumonia between 2019 and 2021
(33). Meropenem and ceftazidime had the lowest susceptibility

(82–83%) in a 5-year retrospective research conducted in Saudi
Arabia (39). Earlier studies have revealed 15% carbapenem
resistance in PA in Oman (40) and 41% resistance in Lebanon (41).
In a retrospective study conducted in Al Ain, UAE from 2004 to
2008, PA demonstrated significant decreases in susceptibility to
nearly all antibiotics tested (42). In Dubai, 23.9% of the PA isolates
have been reported to be carbapenem-resistant (43). In another
study from Saudi Arabia, PA had the highest sensitivity to amikacin
(92.6%) and greatest resistance to imipenem (29.5%), ceftazidime
(26.1%), meropenem (25.6%), and cefepime (24.3%) (50). In Saudi
Arabia, the overall level of cephalosporin resistance in PA was
low compared with resistance rates in neighboring countries (96
and 86% in Qatar and Bahrain, respectively) (55). Between 2018
and 2019, PA clinical isolates in Saudi Arabia showed 14.2 and
8.5% resistance to ceftazidime and cefepime, respectively (56).
Further, in Mekkah and Jeddah, Saudi Arabia, meropenem showed
high resistance (30.6%) as compared to other antibiotics, followed
by imipenem (19%). The antibiotics with <10% resistance were
cefepime (8.3%), and piperacillin-tazobactam (4.9%) (57).

In our study, the resistance rate of PA to piperacillin-
tazobactam decreased from 9.6% in 2010 to 7.8% in 2021; whereas
resistance to ceftazidime and cefepime did not vary much during
the study period. Resistance to imipenem increased marginally
from 13 to 14%. During the 12 years study period, resistance
to imipenem showed a slight increase (from 13 to 14%R),
whereas resistance to meropenem showed a decrease (from 14
to 11%R). Considering the period 2017–2021, both carbapenems
were showing a decreasing trend of resistance. Among the non-
beta-lactam antibiotics, the highest resistance (10.1%) was observed
for ciprofloxacin in 2021. Resistance to amikacin, gentamicin, and
tobramycin in 2021 was 2.9, 4.2, and 4.2%R, respectively. Our
results were in parallel to findings of Hafiz et al. (51) where
amikacin was the most effective antibiotic, with susceptibility
rates of 92.6%, which is consistent with the findings of previous
studies (58, 59). In Qatar, over a three-year study period (2014–
2017), the resistance rates to ciprofloxacin, gentamicin, amikacin,
and tobramycin were 89.5, 68.0, 54.9, and 52.8%, respectively
(52). In our study, PA showed a horizontal trend of resistance
for fluoroquinolones (ciprofloxacin) and decreasing trends of
resistance for aminoglycosides (gentamicin, amikacin). The rate of
MDR decreased from 20.6% in 2020 to 13.1% in 2021. In 2011,
the largest percentage of MDR isolates was recorded at 35.6%,
which steadily decreased to 13.1% by 2021. Similarly, the highest
percentage of XDR isolates was reported in 2010, at 4.9%, while
the highest percentage of possible PDR isolates was reported in
2011, at 7.3%. As an overall trend, the percentage of MDR, XDR,
and possible PDR isolates generally declined over the study period
especially starting from the year 2016, although a slight increase
has been observed for %MDR between 2020 and 2021. The slight
increase in the %MDR coincides with the COVID-19 pandemic,
which is consistent with the trends in the prevalence of other MDR
bacteria (50). Every year, MDR PA causes 13–19% of HAIs in the
United States (34). In Europe, particularly in Greece, MDR and
XDR isolates are prevalent (35).

A retrospective study of adult hospitalized PA patients in
Thailand discovered that XDR strains caused 22% of infections,
resulting in significantly higher mortality (36). Another prospective
study involving 1915 ICU patients in India during 2014–2015
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found that MDR and XDR strains caused 47.7% of PA infections
(37). Hafiz et al. (51) reportedMDR, XDR and PDR rate of 9.7, 11.8,
and 0.3% respectively (2019–2021) in Saudi Arabia. MDR isolates
increased after 2019, whereas the percentages of XDR and PDR
isolates decreased. In Qatar (52), the overall prevalence of MDR PA
was 5.6%, which is lower than reports from neighboring countries
or regions (55). In many regions, the decline in the prevalence of
MDR PA over the study period might be attributed to the efficacy
of infection control and antimicrobial stewardship programs (52).

The mortality rate, according to our observations, was about
nearly 2.7 times higher in patients associated with CRPA compared
with those associated with CSPA. Patients associated with CRPA
were 2.3-fold more likely to be admitted to ICU, and their median
length of stay was increased by 12 days, as compared to patients
associated with CSPA. This is consistent with other findings that
indicated a higher mortality rate and poorer clinical outcome in
patients with CRPA (60, 61) and highlights the ongoing need for
surveillance and control for achieving better health outcomes.

5 Conclusion

This 12-year study of the resistance levels and trends
in Pseudomonas species in the UAE indicated a decline in
antimicrobial resistance and in percentages of Pseudomonas

isolates with MDR and XDR profiles. As the data is suggestive
of sustained Pseudomonas spp. circulation particularly in the
hospital settings, a more stringent implementation of surveillance
techniques, infection control strategies, and antibiotic stewardship
are suggested to limit the continued dissemination. Further to
these findings, continued epidemiological investigation and genetic
evolution analysis of Pseudomonas are required, to sustain the
observed decline in resistance and to provide new strategies for
prevention and control. This data also shows that carbapenem-
resistant PA are associated with higher mortality, increased ICU
admission rates, and a longer hospitalization duration, thus poorer
clinical outcome, and higher associated costs. The decreasing
trend of multidrug-resistant phenotypes among Pseudomonas spp.
is encouraging and demonstrates that antimicrobial resistance
levels can also decrease over time at national level, however, the
underlying reasons for this need to be further studied.

Data availability statement

The datasets presented in this article are not readily available
because the national AMR Surveillance database managed by
the UAE Ministry of Health and Prevention (MOHAP) contains
confidential health information. Requests to access the datasets
should be directed to the UAE Ministry of Health and Prevention
(https://mohap.gov.ae/).

Ethics statement

Ethical approval for this study was provided by the
Ministry of Health and Prevention Research Ethics Committee

(MOHAP/DXB-REC/J.J.J./No. 86/2023), Dubai Scientific
Research Ethics Committee (DSREC-GL17-2023), and Abu
Dhabi Health Research and Technology Ethics Committee
(DOH/ZHCD/2023/1316). The studies were conducted
in accordance with the local legislation and institutional
requirements. Written informed consent for participation
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and institutional requirements.

Author contributions

JT, NA, GM, CM, AS, and DE: conceptualization, data
interpretation, and manuscript review and editing. JT, NA, GM,
CM, AS, DE, and The UAE AMR Surveillance Consortium: data
collection. GM and JT: formal analysis andmanuscript preparation.
All authors have read and agreed to the published version of
the manuscript.

Funding

The Article Processing Charge (APC) was funded by the Ras
al Khaimah Medical and Health Sciences University (RAKMHSU),
Ras Al Khaimah, UAE.

Acknowledgments

The authors wish to thank the UAE Ministry of Health
and Prevention (MOHAP), regional health and public health
authorities (DHA, DoH/ADPHC), AMR Focal points at
participating sites, and all healthcare professionals and other
experts involved in national AMR surveillance in the UAE for their
continuous collaboration and support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.
1243973/full#supplementary-material

Frontiers in PublicHealth 12 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1243973
https://mohap.gov.ae/
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1243973/full#supplementary-material
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Thomsen et al. 10.3389/fpubh.2023.1243973

SUPPLEMENTARY FIGURE S1

Length of inpatient hospitalization (days) for CP-susceptible P. aeruginosa

(CSPA) patients (A) versus CP-resistant P. aeruginosa (CRPA) patients (B)

(UAE, 2010-2021).

SUPPLEMENTARY FIGURE S2

Kaplan-Meyer curve: Probability of still being hospitalized on day x after

inpatient admission. CP-susceptible P. aeruginosa (CSPA) patients versus

CP-resistant P. aeruginosa (CRPA) patients (UAE, 2010-2021).
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Appendix

TABLE A1 The UAE AMR Surveillance Consortium.

Nr. Name Institution

1 Ahmed Elhag Ahmed UAE University, College of Medicine and Health Sciences, Al Ain

2 Ahmed F. Yousef Department of Biology, Center for Membranes and Advanced Water
Technology, Khalifa University, Abu Dhabi

3 Amna AlBlooshi Purelab, Al Ain

4 Dr. Adnan Alatoom Sheikh Shakhbout Medical City (SSMC), Abu Dhabi

5 Dr. Ahmed Abdulkareem Al Hammadi Tawam Hospital, Al Ain

6 Dr. Alaa MM Enshasy Dubai Health Authority, Dubai

7 Dr. Amal Mubarak Madhi Abu Dhabi Public Health Center, Abu Dhabi

8 Dr. Anju Nabi Dubai Academic Health Corporation (DAHC), Dubai

9 Dr. Anup Shashikant Poddar Al Sharq Hospital, Fujairah

10 Dr. Arun Kumar Jha Danat Al Emarat Hospital, Abu Dhabi

11 Dr. Ayesha Abdulla Al Marzooqi Abu Dhabi Public Health Center, Abu Dhabi

12 Dr. Bashir Aden Khalifa University, Abu Dhabi

13 Dr. Deeba Jafri Purelab, Sheikh Khalifa Medical City, Ajman

14 Dr. Duckjin Hong Sheikh Khalifa Specialty Hospital (SKSH) RAK

15 Dr. Farah Ibrahim Al-Marzooq United Arab Emirates University, Al Ain

16 Dr. Fatima Al Dhaheri United Arab Emirates University, Al Ain

17 Dr. Ghada Abdel Wahab Abu Dhabi Agriculture and Food Safety Authority, Abu Dhabi

18 Dr. Ghalia Abdul Khader Khoder University of Sharjah, Sharjah

19 Dr. Gitanjali Avishkar Patil NMC Specialty Hospital, Abu Dhabi

20 Dr. Hafiz Ahmad RAK Hospital, Ras Al Khaimah

21 Dr. Hazim Khalifa Department of Veterinary Medicine, UAE University, Al Ain

22 Dr. Husein Alzabi Sheikh Khalifa General Hospital, Um al Quwain

23 Dr. Ibrahim Alsayed Mustafa Alhashami Purelab, Al Qassimi Hospital, Sharjah

24 Dr. Irfaan Akthar Mediclinic City Hospital, Dubai

25 Dr. Jens Thomsen Abu Dhabi Public Health Center, Abu Dhabi

26 Dr. John Stelling WHONET, Boston, USA

27 Dr. Kavita Diddi Prime Hospital, Dubai

28 Dr. Krishnaprasad Ramabhadran Burjeel Hospital, Abu Dhabi

29 Dr. Laila Al Dabal Dubai Academic Health Corporation (DAHC, Dubai)

30 Dr. Madikay Senghore Khalifa University, Abu Dhabi

31 Dr. Manal Abdel Fattah Ahmed PureLab, Ras Al Khaimah

32 Dr. Maya Habous Rashid Hospital, Dubai Academic Health Corporation, Dubai

33 Dr. Moeena Zain American Hospital Dubai

34 Dr. Monika Maheshwari Al Zahra Hospital, Dubai

35 Dr. Monika Maheshwari Medeor 24x7 Hospital, Dubai

36 Dr. Mubarak Saif Alfaresi Zayed Military Hospital, Abu Dhabi

37 Dr. Mushtaq Khan United Arab Emirates University, Al Ain

38 Dr. Najiba Abdulrazzaq Al Kuwait Hospital, Emirates Health Services Establishment, Dubai

39 Dr. Nehad Nabeel Al Shirawi Al Fujairah Hospital

40 Dr. Nesrin Helmy Mediclinic Al Noor Hospital - Khalifa Street, Abu Dhabi

41 Dr. Prashant Nasa NMC Specialty Hospital Al Nahda, Dubai

42 Dr. Rajeshwari T. A. Patil Burjeel Medical City, Abu Dhabi

43 Dr. Ratna A. Kurahatti NMC Royal Hospital Khalifa City A, Abu Dhabi
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TABLE A1 (Continued)

Nr. Name Institution

44 Dr. Riyaz Amirali Husain Dubai Hospital, Dubai Academic Health Corporation, Dubai

45 Dr. Robert Lodu Serafino Wani Swaka Sheikh Shakhbout Medical City, Abu Dhabi

46 Dr. Savitha Mudalagiriyappa University Hospital Sharjah, Sharjah

47 Dr. Seema Oommen Burjeel Medical City, Abu Dhabi

48 Dr. Shaikha Ghannam Alkaabi Abu Dhabi Public Health Center, Abu Dhabi

49 Dr. Simantini Jog Fakeeh University Hospital, Dubai

50 Dr. Simantini Jog King’s College Hospital London Dubai Hills, Dubai

51 Dr. Siobhan O‘Sullivan Khalifa University, Abu Dhabi

52 Dr. Somansu Basu NMC Specialty Hospital, Al Ain

53 Dr. Yassir Mohammed Eltahir Ali Animal Wealth Sector, Abu Dhabi Agriculture and Food Safety Authority, Abu
Dhabi

54 Dr. Yousuf Mustafa Naqvi Department of Health Abu Dhabi (DoH), Abu Dhabi

55 Dr. Zulfa Omar Al Deesi Latifa Maternity & Pediatric Hospital, Dubai

56 Emmanuel Fru Nsutebu Sheikh Shakhbout Medical City, Abu Dhabi

57 Fouzia Jabeen Purelab, Sheikh Khalifa Hospital, Abu Dhabi

58 Francis Amirtharaj Selvaraj Sheikh Khalifa Medical City (SKMC), Abu Dhabi

59 Hadayatullah Ghulam Muhammad Emirates International Hospital, Al Ain

60 Imene Lazreg University of Sharjah, Sharjah

61 Kaltham Ali Kayaf Ministry of Climate Change & Environment (MOCCAE), Dubai

62 Laura Thomsen University of Freiburg, Germany

63 Leili Chamani-Tabriz Clemenceau Medical Center, Dubai

64 Pamela Fares Mrad Abu Dhabi Public Health Center (ADPHC), Abu Dhabi

65 Pascal Frey Berne University Hospital, Berne, Switzerland

66 Prof. Abiola Senok College of Medicine, Mohammed Bin Rashid University of Medicine and Health
Sciences, Dubai

67 Prof. Agnes-Sonnevend-Pal University of Pécs, Pécs, Hungary

68 Prof. Andreas Podbielski University Hospital Rostock, Rostock, Germany

69 Prof. Carole Ayoub Moubareck College of Natural and Health Sciences, Zayed University, Dubai

70 Prof. Dean Everett Department of Pathology and Infectious Diseases, College of Medicine, Khalifa
University, Abu Dhabi

71 Prof. Godfred A. Menezes Department of Medical Microbiology and Immunology, RAKMedical and
Health Sciences University, Ras Al Khaimah

72 Prof. Hala Ahmed Fouad Ismail PureLab, Al Qassimi Hospital, Sharjah

73 Prof. Mohamud M. Sheek-Hussein United Arab Emirates University, Al Ain

74 Prof. Peter Nyasulu Department of Global Health, Faculty of Medicine and Health Sciences,
Stellenbosch University, South Africa

75 Prof. Sameh Soliman University of Sharjah, Sharjah

76 Prof. Tibor Pal University of Pécs, Pécs, Hungary

77 Rania El Lababidi Dept. of Pharmacy Services, Cleveland Clinic Abu Dhabi

78 Saeed Hussein Erada Center for Treatment and Rehabilitation, Dubai

79 Stefan Weber Purelab, Abu Dhabi

80 Sura Khamees Majeed Al Gharbia Hospitals - Madinat Zayed Hospital

81 Syed Irfan Hussein Rizvi Mediclinic City Hospital, Dubai

82 Timothy Anthony Collyns Tawam Hospital, Al Ain

83 Zahir Osman Babiker Sheikh Shakhbout Medical City (SSMC), Abu Dhabi
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