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ABSTRACT

This study aimed to conduct a retrospective Middle East systematic review and meta-analysis on the preva-
lence and antibiotic susceptibility pattern for this microorganism isolated from cystic fibrosis patients. We 
searched MEDLINE, the Cochrane Library, SCOPUS, and Web of Science (ISI) to identify studies that 
reported the prevalence of Pseudomonas aeruginosa isolated from cystic fibrosis (CF) patients, and antibiotic 
resistance patterns. To assess the quality of publications was used of a checklist provided by the Joanna Briggs 
Institute. Finally, the data was analyzed by comprehensive meta-analysis software. The studied populations 
comprised children and young, and adult CF patients. Patients were aged between 3 months-65 years. A 
higher percentage of CF patients were males. Pseudomonas aeruginosa frequency varied between 5.9 and 
76.2% in the studies included. The combined prevalence of P. aeruginosa was reported 34.3%. The lowest 
level resistance of P. aeruginosa was toward colistin (0%-13.3%) and ticarcillin (3.9%-24%). Our study showed 
the prevalence of P. aeruginosa and antibiotic resistance are almost high, while colistin and ticarcillin are the 
best antibiotics to decrease postantibiotic effects (PAEs) in CF patients from the Middle East. Therefore, 
physicians should pay more attention to therapeutic protocols to prevent further resistance.
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Introduction
Cystic fibrosis (CF), an autosomal recessive progressive condition triggered by a mutation in the 
gene encoding the CF transmembrane (CFTR), is characterized as chronic obstructive pulmo-
nary disease, exocrine pancreatic insufficiency, and elevated sodium and chloride concentrations 
in sweat.1 Electrolyte imbalance on both sides of the membrane decreases the volume of water 
in the secretions of the apocrine glands, which are very viscous and result in the narrowing of 
the duct, blockage, and subsequent dissolution of these glands. So, the moisture on the surface 
of the main respiratory tract is greatly decreased, and the condition is primed for the invasion 
of pathogens.2

Cystic fibrosis is more common in white people in Europe, North America, and Australia, 
although the disease affects people of all races.3 In the United States, for example, about 30 000 
individuals are estimated to have CF, and more than 1000 new cases are found each year.4 This 
disease is very rare in Arab cultures, but it is equally widespread in white populations.5 Many CF 
patients will begin to experience chronic hypoxic and hypercapnic respiratory failure, as well as 
pulmonary exacerbations, atypical respiratory pathogen acquisition, pneumothorax, hemoptysis, 
pulmonary hypertension, and pulmonary hypertension development.6 The presence of elevated 
sweat chloride confirms the diagnosis of CF. The majority of CF cases are discovered by newborn 
screening.7

Many bacterial species have been linked to CF respiratory tract infections, including Pseudomonas 
aeruginosa, Stenotrophomonas, Maltophilia, Staphylococcus aureus, and Haemophilus influenza.7 
Pseudomonas aeruginosa aggravates lung function loss and is linked to high morbidity and mortal-
ity in CF patients.8 P. aeruginosa has been found in 60.9% of CF patients with CFTR mutations’ 
lower respiratory samples,9 and this mutation is one of the most frequent among Arabs in the 
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Gulf region who belong to a large Arab tribe.10 
The prevalence of P. aeruginosa increases with 
age, making it the most common pathogen in 
the elderly.11-16 Therapeutic advances, such as a 
greater emphasis on improving diet with multivi-
tamins and pancreatic enzymes, airway clearing 
treatments, antibiotics, and highly efficient CFTR 
modulators, have resulted in improved clini-
cal conditions and longevity for CF patients.17 
Many times in the past, the life expectancy of 
CF patients has often improved due in part to 
appropriate antibiotic therapy in the proce-
dure.18 P. aeruginosa is still not eradicated in such 
patients, and the emergence of different bacte-
rial morphotypes during chronic infection has 
been identified globally.19,20

This microorganism has acquired an intrinsic anti-
biotic resistance which severely limits effective 
therapeutic options, especially in patients with CF 
and who have been thermally burnt.21 According 
to some reports, extended spectrum beta-lacta-
mases (ESBLs) and metallo-β-lactamases (MBLs) 
are becoming more common among P. aeru-
ginosa in Middle Eastern Arab countries, which 
may result in a longer hospital stay, higher costs, 
and a fatal outcome for patients.22-24 The pres-
ence of an alginate-containing matrix in mucoid 
strains causes them to be more resistant to 
antibiotics. Eradication methods not only harm 
non-mucoid strains but can also hinder disease 
growth.25 Because of the repeated and some-
times extended courses of nasal, intravenous, and 
aerosolized antibiotics used to treat chronic lung 
disease, CF patients are at extremely high risk 
of contracting infections with multidrug-resis-
tant (MDR) pathogens, especially P. aeruginosa. 
Furthermore, the Arabic-speaking population in 
the Middle East has a high prevalence of CFTR 
gene mutation.26 In the management of lung 
infection resulting from P. aeruginosa, inhaled 
antibiotics such as azithromycin, aztreonam, and 
tobramycin are used as maintenance drugs.27 
According to guidelines, continuous use of these 
antibiotics improves pulmonary function in 
patients with CF.28 They also reduce exacerba-
tions in chronic infection caused by P. aeruginosa.28

Since the extent of antibiotic resistance of P. aeru-
ginosa recovered from CF patients in the Middle 
East has not been comprehensively addressed, 
we decided to conduct a retrospective Middle 

East systematic review about resistance to key 
antibiotics used in the treatment of P. aeruginosa 
infection and the prevalence of P. aeruginosa iso-
lated from CF patients, too.

Material and Methods

Search Strategy
A systematic literature search of English-language 
studies was conducted from 2000-January 
1, 2024, through Medline, Web of Science, 
Scopus, Google Scholar, and Cochrane using 
the following search terms: (“Cystic Fibrosis” 
OR “Mucoviscidosis” OR “Pulmonary Cystic 
Fibrosis” OR “CF”) AND (“Pseudomonas aerugi-
nosa” OR “P. aeruginosa”) AND (“Middle East”), 
AND (“Drug Resistances” OR “Antimicrobial 
Drug Resistance” OR “Antibiotic Resistance”). 
The reference lists of the included studies were 
surveyed for further eligible articles. The pro-
cess was conducted by 2 independent assessors. 
Also, disagreements between investigators were 
resolved by agreement.

Inclusion and Exclusion Criteria
The articles that used standard molecular and 
phenotypic methods for isolation of P. aerugi-
nosa; and studies that reported the prevalence 
of P. aeruginosa isolated from CF patients were 
included. In contrast, studies that did not report 
the prevalence of P. aeruginosa among CF 
patients, systematic reviews, meta-analyses, nar-
rative reviews, editorials, case reports, abstracts, 
and duplicate articles were excluded.

Quality Assessment
The quality of studies included was assessed 
using a checklist provided by the Joanna Briggs 
Institute (JBI).29 In total, title and abstract, intro-
duction, methods, results, and discussion items 
were assessed through questions designed by 
JBI, and a score was allocated to each section.

Data Extraction
First author, time of the study, publication time, 
type of study, location of the study, genus, age, 
sample size, source of samples, the prevalence of 
P. aeruginosa, MDR isolates, mucoid, non-mucoid, 
and patient’s condition were extracted from 
studies included in the present systematic review.

Results

Study Characteristics
Of a total of 1022 studies recognized by the 
searches, 482 records were removed before 
screening. Then, 540 articles were screened, 
and 102 records were excluded from screening 
with reasons. Four hundred thirty-eight reports 
were sought for retrieval, but 97 reports were 

not retrieved. Three hundred forty-one reports 
were assessed for eligibility, and 313 studies 
were excluded with reasons. Finally, 28 stud-
ies were included in the qualitative systematic 
review, as shown in Table 1 and Figure 1.

This review was conducted to cover the stud-
ies carried out all over the Middle East countries. 
The distribution of 28 studies included was as fol-
lows: 10 from Türkiye, 9 from Iran, Jordan, Qatar, 
and Iraq each had 2 studies, also, Saudi Arabia, 
Egypt, and Syria each had 1 study while accord-
ing to quality assessment, no study from Bahrain, 
Oman, Cyprus, Yemen, United Arab Emirates, 
Palestine, Lebanon, and Kuwait met the eligibil-
ity to be included. The sample size ranged from 
16 to 1767. Most studies were cross-sectional 
(n = 19), cohort (n = 3), longitudinal (n = 1), and 
5 of them did not report the type of study. In 
most studies, the sources of samples were spu-
tum, followed by throat swabs, bronchoalveolar 
lavage, and different samples (Table 1). Also, 17 
studies met the eligibility criteria for inclusion in 
the antibiotic resistance section.

Characteristics of cystic fibrosis patients
The studied populations comprised children, 
young, and adult CF patients. Patients were aged 
between 3 months and 65 years. According 
to the data extracted in Table 1, some studies 
reported a high percentage of females while 
other studies reported a high percentage of 
males with CF, but in total, a higher percent-
age of CF patients were male. Some studies 
reported the condition of patients as chronic, 
while some studies did not report this.

Pseudomonas aeruginosa Isolates
As abstracted in Table 1, P. aeruginosa frequency 
varied between 5.9% and 76.2% in studies 
included. Also, data from Figure 2 showed the 
combined prevalence of P. aeruginosa 34.3% 
(95% CI, 26.6-42.7). Prevalence of MDR P. aeru-
ginosa isolates was reported in 3 studies; M.S. 
Ahmed and et  al. (8.1%),30 and Eftekhar et  al. 
(9.5%), and Soroor Erfanimanesh et al (25.5%).31

Heterogeneity and Publication Bias
Data obtained in this meta-analysis showed het-
erogeneity (Q = 875.7 and Z = 3.6, and I2 = 97). 
A glance at the funnel plot (Figure 3) indicates 
bias in the studies included, which was not con-
firmed by Egger’s linear regression test (P = .08).

Methods Used for Diagnosis of Pseudomonas 
Aeruginosa
As listed in Table 2, some studies have used 
molecular methods, some used phenotypic 
methods, and some of them used both meth-
ods to detect P. aeruginosa isolates. Molecular 

Main Points

• Pseudomonas aeruginosa frequency varied 
between 5.9 and 76.2% in this review.

• The combined prevalence of  P. aeruginosa was 
reported 34.3%.

• The lowest level resistance of  P. aeruginosa was 
toward colistin.
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techniques were polymerase chain reaction 
(PCR),21,31 random amplified polymorphic DNA 
(RAPD)-PCR,32 pulsed-field gel electropho-
resis (PFGE),33 repetitive intergenic consensus 
(ERIC)-PCR,34 allele specific PCR (ASPCR),3 
sequencing.5 Also, phenotypic methods included 
conventional microbiological tests (oxidase tests, 
arginine dehydrolase, citrate, OF glucose, cata-
lase test, and sugar fermentation test); culture 
(blood agar, tryptic soy agar, brain–heart infu-
sion, MacConkey agar, cetrimide agar, Columbia 
blood agar, Columbia chocolate agar, and choc-
olate agar); staining (ethidium bromide, Congo 
red staining, and Gram staining).

Antibiotic Resistance Patterns
As clear in Table 3, the antibiotic resistance pat-
tern varied among different studies conducted 
in the Middle East. The fascinating point is that 
the study conducted by M. S. Ahmed et al from 
Qatar reported a high prevalence against all 
antibiotics tested.30 M. S. Ahmed et al30 reported 
high resistance of 96.6%, 91.2%, 90.7%, 90.2%, 
73.2%, 58%, and 54.6% to cefepime, cipro-
floxacin, piper acill in–ta zobac tam, meropenem, 
gentamycin, amikacin, and tobramycin, respec-
tively. Studies conducted by Bozkurt-Güzel 
et  al35 from Türkiye, and Kodori et  al36 from 
Iran, both reported low resistance between 
0%-11% against all antibiotics tested. From stud-
ies included in Table 3, we can find that there is a 
slightly high antibiotic resistance in Arabic coun-
tries ( Jordan, Iraq, and Qatar). The lowest level 
of resistance of P. aeruginosa was toward colistin 
(0%-13.3%).

As shown in Figure 2, the resistance to tobra-
mycin and aztreonam has increased over time. 
From 2000 to 2017, the resistance was almost 
the same, but since 2017, the trend of resis-
tance has changed and the level of resistance has 
increased gradually. Resistance rate from 3.5%37 
and 14.3% changed to 87%38 and 54.6%30 for 
azteronam and tobramycin in 2020, respectively. 
Resistance to β-lactams such as Ceftazidime and 
Piperacillin is available in Table 3, as half of the 
studies reported high resistance to Ceftazidime, 
while all studies except one39 reported low 
resistance to Piperacillin. Regarding Amikacin, 
most studies, resistance was low to moder-
ate resistance, but some studies included here 
reported a high rate.30,39,40

Discussion
Pseudomonas aeruginosa exacerbates the pul-
monary disease that frequently occurs in CF 
patients. Based on the patient registry annual 
data report in 2019, the prevalence of P. 

Figure 2. Forest plot of  the meta-analysis of  the prevalence of  Pseudomonas aeruginosa isolated from 
patients suffering from cystic fibrosis.

Figure 3. Funnel plot of  the meta-analysis of  the prevalence of  Pseudomonas Aeruginosa isolated from 
patients suffering from cystic fibrosis.

Figure 1. Flow diagram for included searches of  databases and registers.
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aeruginosa continues to decline over time (57% 
in 2004 to 43% in 2019); this might connect 
partly to the extensive application of therapy 
to eliminate early acquisition.17,41 As well, in 
Europe, the overall prevalence of P. aeruginosa 
has meaningfully decreased.42 On the contrary, 
according to our systematic review, the trend 
of prevalence of P. aeruginosa in CF patients. in 
Middle East countries from 2000 to the end 
of 2023 did not show any special change. In 
European countries, the prevalence of chronic 

Pseudomonas infection is between 14.29% 
to 62.16%, their results are compared to our 
findings, where we had a varied prevalence 
of about 5.9%- 76.2%, and also the combined 
prevalence of 34.3% for P. aeruginosa in Middle 
East countries.

The rate of infection caused by MDR-PA 
strains in adults with CF is high, which is prob-
ably due to the high exposure of these people 
to antibiotics. These findings are approximately 

in accordance with 2 studies included in the 
present review (about 8%-9%). According to 
the data extracted in our review, a higher per-
centage of CF patients were male. In consis-
tency with our data, the patient registry annual 
data report in 2019 reported the percentage of 
male patients with CF as follows: 52% in 2004, 
51.8% in 2009, 51.6% in 2014, 51.8% in 2018, 
and 51.8% in 2019. Since in most cases, P. aeru-
ginosa is isolated from chronic infection, most 
studies included in the current review showed 

Table 2. Diagnostic Methods Used in the Diagnosis of Pseudomonas aeruginosa Isolates

Study
Publication 

Year Diagnostic Method

Phenotypic Tests

Oxidase Tests OF Glucose - Ethidium Bromide

B. Şener32 2001 RAPD-PCR - - -

K. S. Kakish5 2001 Sequencing Blood agar Ethidium bromide

F. Eftekhar31 2003 PCR - Tryptic soy agar Ethidium bromide

H. Nazik8 2007 RAPD-PCR - Tryptic soy agar Ethidium bromide

F. Eftekhar33 2009 RAPD-PCR PFGE Oxidase production BHI Ethidium bromide

Z. Movahedi34 2013 ERIC-PCR - - -

M. M. El-Falaki3 2013 PCR (ASPCR) - Sputum culture -

D. Dogru54 2013 - Sputum culture -

M. Douraghi21 2014 PCR Oxidase, citrate, OF glucose, 
and arginine dihydrolase

Cetrimide agar, blood agar, and 
MacConkey agar

Ethidium bromide

M. S. Ahmed30 2019 - - - -

A. S. Sasihuseyinoglu55 2019 - Pulmonary function tests
Radiological study

Sputum cultures -

A. M. Ali38 2020 Gradient PCR
ERIC-PCR

Oxidase test
catalase test
microtiter plate.
Biofilm Formation Assay

BHI Congo red stain
Gram stain

D. Dogru56 2020 Sweat tests - - -

U. Aslanhan57 2021 - Oxidative burst, phagocytic, 
chemotactic index

Short‐term whole blood 
cultures

Annexin V/propidium iodide
Antibodies and intracytoplasmic 
cytokine staining

M. Kodori36 2021 Sweat tests Biofilm Formation Assay Blood agar
chocolate agar
MacConkey agar

Crystal violet

E. Fidan58 2021 Laboratory operating systems 
retrospectively

- Sputum cultures -

H.Banjar64 2021 Laboratory operating systems 
retrospectively

- Sputum cultures -

S. Mamishi48 2022 Random amplified polymorphic 
DNA polymerase chain 
reaction

- - -

N. Alshraiedeha65 2022 Laboratory operating systems 
retrospectively

- Sputum cultures -

S. Erfanimanesh 2022 PCR - Sputum cultures -

A. AbdulWahab 2021 - - Sputum cultures -

S. M. Goudarzi 2023 Nested-PCR sequencing Standard biochemical tests Blood agar, MacConkey agar, 
colonial morphology, Gram 
staining

Standard biochemical tests

ASPCR, allele specific polymerase chain reaction; BHI, brain–heart infusion; CDDT, combined double disk synergy test; CRA, Congo red agar; ERIC-PCR, repetitive intergenic consensus-
polymerase chain reaction; MHA, Mueller–Hinton agar; MHT, modified Hodge test; MIC, minimum inhibitory concentration; PCR, polymerase chain reaction; PFGE, pulsed-field gel 
electrophoresis; RAPD, random amplified polymorphic DNA; TCP, tissue culture plate; TSI, triple sugar iron agar.
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that most patients had chronic colonization 
conditions with P. aeruginosa. A full analysis of 
chronically infected CF patients with P. aerugi-
nosa is required because early colonization with 
this microorganism is connected with higher 
morbidity and mortality.5

Antibiotic resistance is one of the most impor-
tant concerns of health systems because its 
presence makes the treatment of diseases 
more difficult, which increases the mortal-
ity rate, the medical costs, and the recovery 
time in hospitals (WHO, 2018). It also imposes 
more medical costs on both patients and 
health systems.43

As mentioned in the results, there is a slightly 
high antibiotic resistance in Arabic countries 
( Jordan, Iraq, and Qatar). This is referred to the 
fact that these studies included older children 
and adults who are exposed to more antibiot-
ics, resulting in increased resistance. Additionally, 
studies conducted by H. Y. Al Dawodeyh et 
al,40 M. S. Ahmed et al,30 and A. Abdul Wahab 
et al26 reported some MDR strains, which natu-
rally show more resistance to antibiotics.44 As 
a result, we can conclude that there is no sig-
nificant difference in antibiotic resistance among 
the countries included in the present review 
from the Middle East.

Recently, there are 3 classes of inhaled antibi-
otics including tobramycin, aztreonam, and 
colistin that are used for the treatment of infec-
tion resulting from P. aeruginosa in CF patients. 
Among them, tobramycin is used most com-
monly, followed by aztreonam and colistin.45 This 
should be noted, their peak use for all 3 antibiot-
ics is between youth and adulthood.

As well, Dornase alfa and hypertonic saline 
both are widely used for patients with CF. In 
addition, people with P. aeruginosa are pre-
scribed Azithromycin with its peak use at 
slightly older ages.44 As shown in our results, 
the resistance to tobramycin and aztreonam 
antibiotics has increased over time.30,38,39 The 
lowest antibiotic resistance was reported 
against colistin. We think the low level of 
resistance to colistin in the present review 
is perhaps due to the fact that in 2013, 
the CF Foundation Pulmonary Guidelines 
Committee stated that there is not enough 
evidence for the role of colistin and some 
other medications in decreasing the severity 
of lung disease, improving lung function, or 
improving quality of life in people with cystic 
fibrosis, so the use of it in CF patients in the 
Middle East and other parts of the world has 
recently decreased.46 However, tobramycin, 

aztreonam, and colistin are the therapeu-
tic options recommended by the European 
Cystic Fibrosis Society for the treatment of 
chronic P. aeruginosa infection.47

The antibiotic resistance pattern varies against 
different antibiotics in various studies con-
ducted in the Middle East. It should be taken 
into consideration that the study conducted 
by M. S. Ahmed et al30 from Qatar reported a 
high prevalence against all antibiotics tested. M. 
S. Ahmed et  al30 reported high resistance of 
96.6%, 91.2%, 90.7%, 90.2%, 73.2%, 58%, and 
54.6% to cefepime, ciprofloxacin, piper acill in–ta 
zobac tam, meropenem, gentamycin, amikacin, 
and tobramycin, respectively,3 in contrast, stud-
ies conducted by Bozkurt-Güzel et  al35 from 
Türkiye S. Mamishi et al48 and Kodori et al36 both 
from Iran, reported low resistance between 
0% and 11% against all antibiotics tested. This 
is likely is because of the source of bacterial iso-
lates, year of study, location, and infection con-
trol measures in each country or region.39 Also, 
an important note is that CF patients from years 
ago weren’t the same as those in 2022, owing to 
advances in pharmacotherapy and the care they 
have taken over time.49

Cystic Fibrosis Foundation, alongside tobra-
mycin, aztronam, and colistin, makes a list of 
commonly prescribed intravenous antibiotics 
to encounter infections caused by P. aeruginosa 
in CF patients. Those are penicillin (piperacil-
lin), cephalosporins (ceftazidime, cefepime, 
ceftolozane), carbapenems (meropenem, 
imipenem, doripenem), aminoglycosides 
(amikacin, gentamycin), a macrolide (azithro-
mycin), and fluoroquinolones (ciprofloxacin, 
levofloxacin) (https ://ww w.cff .org/ Life- With- 
CF/Tr eatme nts-a nd Thera pies/ Medic ation s/
Antibiot ics/) .

Ceftazidime is commonly the best cepha-
losporin used to reduce acute pulmonary 
exacerbations in CF patients, chiefly owing to 
known bactericidal activity against P. aeruginosa 
compared to other cephalosporins,50,51 simi-
larly, piperacillin has the same sufficient activity 
against P. aeruginosa as ceftazidime is.52 Amikacin 
is an alternative antibiotic used in cases where 
CF patients are unable to tolerate tobramycin 
or who are infected by P. aeruginosa strains resis-
tant to tobramycin.53 According to our findings, 
half of the studies reported high resistance to 
ceftazidime (β-lactam) compared to all studies 
except one39 reported low resistance to piper-
acillin (β-lactam). Regarding amikacin, most stud-
ies, resistance was low to moderate resistance, 
but some studies included here reported a high 
rate.30,39,40

Our study showed that the pattern of antibiotic 
resistance is almost the same in the countries 
included from the Middle East. In some studies, 
the resistance pattern was higher; it depends on 
the site of study, year of study, infection con-
trol policies, socioeconomic status, and type of 
isolates. Resistance against inhaled first-choice 
antibiotics, including tobramycin and aztreo-
nam, and intravenous antibiotic (amikacin), has 
increased gradually over time. Of course, colis-
tin, piperacillin, and ticarcillin are the most effec-
tive antibiotics for treating P. aeruginosa infection 
in CF patients according to our findings.

It can be concluded from our study that the 
prevalence of P. aeruginosa and antibiotic resis-
tance is high. However, it should be noted 
that some studies are small and there were 
no studies from some countries in the region 
included in this review, so in light of these 
points the interpretation of the results must 
be carefully considered. Our study showed 
that colistin and ticarcillin were found to be 
the best antibiotics for decreasing postanti-
biotic effects (PAEs) in CF patients from the 
Middle East. Therefore, physicians should 
pay more attention to therapeutic protocols 
to prevent further resistance, and antibiotic 
prescriptions must be based on the results of 
antibiotic susceptibility testing.

Limitations
The main limitations of this systematic review 
and meta-analysis are: the present review only 
included studies that were published in English. 
Unpublished studies and studies from other 
languages such as Arabic, Persian, and Turkish 
were not included. The small sample size of 
some studies and the lack of studies from some 
Middle Eastern countries for inclusion in this 
review as well; epidemiologic data differ sig-
nificantly among countries with different socio-
economic statuses, which has resulted in wide 
differences in the findings that need to be evalu-
ated more carefully.
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