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n	 INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive 
disorder described as a triad of chronic ob-

structive pulmonary disease, exocrine pancreatic 
insufficiency, and elevation of sodium and chlo-
ride concentration in sweat [1]. CF is caused by 
the presence of mutations in a gene called Cystic 
Fibrosis Transmembrane Conductance Regulator 
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(CFTR), located on the long arm of chromosome 
7. Identified in 1989, CFTR is a cAMP-dependent 
chloride necessary for normal ion transport across 
epithelial cells [2, 3]. The CFTR gene mutations in 
CF patients are a major cause of mortality and 
morbidity mainly determined by recurrent and 
chronic respiratory tract infections [4]. Because of 
the inherited nature of this disorder, familiar an-
amnesis plays an important role in risk assess-
ment. CF is most commonly observed in white 
people of Northern European descent but it is 
seen in all races. Neutrophilic inflammation and 
pulmonary infection lower breathing tract are as-
sociated with increased structural lung disorder 

The present study aims to investigate the prevalence 
of Pseudomonas aeruginosa in Iranian Cystic Fibrosis 
(CF) patients. We conducted a systematic search on 
this topic in Web of Science, PubMed, Embase, Scop-
us, and Google Scholar electronic databases to the 
end of July 2019. Then, 14 articles with eligible criteria 
were selected for data extraction and analysis by 
Comprehensive Meta-Analysis Software. The pooled 
prevalence of P. aeruginosa was 40.6% (95% CI: 32.4%-
49.4%) ranging from 32.4% to 49.4%. There was a sig-
nificant heterogeneity among the studies (χ2=21.02; 
p<0.001; I2=86.07%). 

SUMMARY

The funnel plot for publication bias showed no evi-
dence of asymmetry. Based on the results of Begg’s 
and Egger’s test no significant publication bias was 
observed. The study demonstrated a relative preva-
lence of P. aeruginosa among CF patients in Iran. Due 
to the rapid spread and infection severity of P. aerugi-
nosa and other opportunistic pathogens, efforts are 
required to identify risk factors, reservoirs, transmis-
sion routes and source of infection.

Keywords: Pseudomonas aeruginosa, cystic fibrosis, Iran, 
meta-analysis.
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and long-term disability of pulmonary features in 
children with cystic fibrosis. Staphylococcus aureus 
and Pseudomonas aeruginosa are the two most com-
mon bacterial species associated with chronic 
lung infections in cystic fibrosis (CF) [5-9].
P. aeruginosa is a Gram-negative, opportunistic, 
and nosocomial pathogen, widespread through-
out the environment. This pathogen can cause 
serious human infections and is the most preva-
lent respiratory pathogen in CF patients [10]. 
Nearly half of all CF patients and the 60% of 
adult CF patients have P. aeruginosa. Despite the 
decreased number of chronically-infected pa-
tients, it is clinically difficult to eradicate P. aerug-
inosa from the respiratory tract [11, 12]. The main 
reason of its pathogenic activity is the high level 
of intrinsic resistance to antibiotics. According to 
the literature, there is no comprehensive data re-
garding the prevalence of P. aeruginosa in CF pa-
tients in Iran. Therefore, the present study aimed 
to investigate the prevalence of P. aeruginosa in 
Iranian CF patients through a meta-analytic ap-
proach.

n	 MATERIALS AND METHODS

Search strategies 
The study was designed in accordance to the Pre-
ferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines (Sup-
plementary).
A systematic literature search was conducted us-
ing a number of electronic databases including 
Web of Science, PubMed, Embase, Scopus, and 
Google Scholar to classify Iranian studies pub-
lished up to the end of 2019. The Medical Subject 
Headings (MeSH), Non-MeSH terms and key-
words such as “Pseudomonas aeruginosa” OR “P. 
aeruginosa” AND “cystic fibrosis” OR “CF” in 
combination with «Iran” were searched in the ti-
tle, abstract and keywords fields. 

Selection criteria 
Two reviewers checked the search results in the 
databases with the related keywords inde-
pendently and analyzed the titles, abstracts, and 
full texts to apply eligibility for inclusion accord-
ing to inclusion criteria, and any discrepancies 
were resolved through consensus. 
The searches were limited to articles published in 
English or Persian language with English abstract 

which indexed in the Web of Science, PubMed, 
Embase, and Scopus.
The studies with the following inclusion criteria 
were included:
a)	 use of standard methods for P. aeruginosa isola-

tion;
b)	 availability of data on prevalence of P. aerugi-

nosa among clinical sample in CF patients.
Studies that did not investigate P. aeruginosa 
among CF patients, review articles, case report, 
articles available only in abstract form, duplicate 
reports and studies which the results of P. aerugi-
nosa was unclear in them were excluded.

Quality assessment
The quality assessment of the study was also 
judged independently by two authors using a 
checklist provided by the Joanna Briggs Institute 
(JBI) [13] and disagreements were resolved by 
consensus. Items associated with title and ab-
stract, introduction, methods, results, discussion, 
and other data were investigated, and a score was 
assigned to each item.

Data extraction
The following items were extracted from all the 
selected studies: the name of first author, the time 
of performing and the location of the study, pub-
lication date, characterization of population stud-
ies, sample size, source of isolation and the fre-
quency or prevalence of P. aeruginosa.

Statistical analysis
Meta-analysis was performed using “Compre-
hensive Meta-Analysis (CMA)” software version 
2.2 (Biostat, Englewood, NJ). The pooled preva-
lence of P. aeruginosa, with 95% confidence inter-
vals (95%CI) was estimate by the random-effects 
model. All eligible information was pooled and 
analyzed based on random-effects model due to 
the potential heterogeneity. Statistical heterogene-
ity groups were calculated using Cochrane Q-test 
(p<0.05 was considered statistically significant) 
and I-squared (I2) index. The possibility of publi-
cation bias was checked by Begg’s rank correla-
tion test, and Egger’s weighted regression tests in 
combination with a funnel plot were used (p<0.05 
was considered statistically significant). Possible 
sources of heterogeneity were measured by sensi-
tivity analysis, meta‑regression and subgroup 
analysis based on the location of the study [14]. 
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n	 RESULTS

Database search and characterization of studies 
The database search yielded 150 citations. 
Among them, 133 were removed by index, title 
and abstract screening and 17 were retrieved in 
full text. Of these 17 reviewed studies, results of 
three studies were unclear, and were excluded 
upon a full text search. Finally, 14 studies accord-
ed with eligibility criteria were subjected to me-
ta-analysis [5, 15-28]. Out of 14 included studies, 
five studies reported the prevalence of P. aerugi-
nosa on hospitalized patients. The searching pro-
cedure for selection of eligible studies is present-
ed in Figure 1. The full results of the articles, 
sample size, prevalence of P. aeruginosa, source of 
samples and characterization of patient are 
shown in Table 1.

Meta-analysis
Fourteen articles evaluated the prevalence of P. 
aeruginosa in Iranian patients. From these studies, 
the estimated pooled prevalence of P. aeruginosa 
was 40.6% (95% CI: 32.4%-49.4%) (Figure 2). There 
was a significant heterogeneity among the 14 

studies (χ2=21.02; p<0.001; I2=86.1%). The sym-
metric funnel plot showed no evidence of publi-
cation bias (Figure 3). Furthermore, Begg’s and 
Egger’s tests were achieved to quantitatively as-
sess the publication biases. Based on the results of 
Begg’s test (z=1.64, p=0.05) and Egger’s test 
(t=1.48, p=0.16) a significant publication bias was 
not observed.

Subgroup analysis 
The results of subgroup analysis based on region 
shown that pooled prevalence of P. aeruginosa was 
66.7% (95% CI: 54%-77%), 32% (95% CI: 23%-
43%), 20% (95% CI: 14%-30%) and 42% (95% CI: 
32%-51%) among Bushehr (South of Iran), Isfahan 
(Center of Iran), Mashhad (Northeast of Iran) and 
Tehran (North of Iran), respectively (Figure 1).

Sensitivity analysis and meta‑regression
Meta-regression results showed a non-significant 
decrease of the prevalence rates of P. aeruginosa 
among CF patients, coefficients: -0.08383 (95% CI: 
-0.19437- 0.02672, p=0.13) (Figure 4). Moreover, 
the sensitivity analyses were performed by ex-
cluding one study at a time to consider the impact 

Table 1 - Characteristics of studies included in the meta-analysis.

Study
Publication

year
Years 

of study
Location

Sample 
size
CF

P. aeruginosa 
isolation 
frequency

Source of 
sample

Characterization 
of isolates

References

Eftekhar 2003 - Tehran 64 21 Sputum - [16]

Khodadad 2006 - Tehran 30 13
Sputum

- [20]

Tajbakhsh 2008 - Bushehr 63 42 Sputum - [24]

Eftekhar 2009 2004-2005 Tehran 46 31 Sputum - [17]

Khanbabaeea 2012 2004-2010 Tehran 129 50 Sputum Hospitalized [19]

Khalilzadeh 2012 2006-2010 Tehran 23 10 Sputum Hospitalized [5]

Fard M 2012 2009-2010 Isfahan 27 7 Throat [27]

Fazeli 2013 2003-2008 Isfahan 59 21 Sputum - [26]

Douraghi 2014 2011-2012 Tehran 100 40 Sputum - [15]

Vali 2014 2011-2012 Tehran 52 21 Sputum
Hospitalized

[25]

Nobandegani 2016 2011-2012 Tehran 172 52 Sputum Hospitalized [22]

Nodoushan
2017 2013-2015 Tehran 59 42 Sputum - [18]

Sharifi 2018 2016-2017 Mashhad 100 21 - Hospitalized [23]

Aghamohammadi 2019 2014-2015 Tehran 174 40 Sputum - [28]
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Figure 1 - Flow chart of study selection for inclusion in the systematic review. 342 
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Figure 1 - Flow chart of study 
selection for inclusion in the 
systematic review.
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Figure 2 - Forest plot of the meta-analysis of P. aeruginosa prevalence in humans. 362 
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Figure 3 - Funnel plot of publication bias for the included studies. 367 
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Figure 2 - Forest plot of the 
meta-analysis of P. aeruginosa 
prevalence in humans.
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of each study on the summary results and be-
tween-study heterogeneity (Figure 5).

n	 DISCUSSION

Previously, several studies have reported the emer-
gence and increased incidence of P. aeruginosa iso-
lates and the related infections associated with in-
creased morbidity and mortality in CF patients [29]. 
Although many studies have investigated the prev-
alence of P. aeruginosa isolated from CF patients, 
there is no comprehensive information regarding 
the prevalence of P. aeruginosa in Iran [30, 31]. Ob-
taining such data can contribute to prevent chronic 

airway infections caused by the P. aeruginosa isolates 
[32]. In the present study, the pooled prevalence of P. 
aeruginosa among Iranian CF patients was found to 
be 40.6% (95% CI: 32.4%-49.4%). The described 
prevalence in the current study is in agreement with 
that reported among CF patients in the Netherlands 
(57%), the United States (52.5%), and Australia 
(61.5%)  [33-35]. The reported variations can be at-
tributed to the differences in the studied population, 
sample size, detection method, and the stage of in-
fection [36]. According to results of meta-regression, 
the rate of P. aeruginosa decreased, though not signif-
icantly, among the CF population each year. The de-
creasing trends of P. aeruginosa isolation over these 

Figure 3 - Funnel plot 
of publication bias for 
the included studies.

Figure 4 - Meta-regres-
sion of the log-event 
rates by the year.
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 375 

 376 

 377 

Figure 5 - Forest plot of pooled estimated prevalence of P. aeruginosa in subgroup analysis 378 
based on location of studies. 379 
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 380 
Figure 5 - Forest plot of pooled estimated prevalence of P. aeruginosa in subgroup analysis based on location of 
studies.

years might be due to the replacement of other op-
portunistic pathogens such as S. aureus, Acinetobac-
ter baumannii, and Stenotrophomonas maltophilia [37]. 
In accordance with our results, Razvi et al. reported 
that the prevalence of P. aeruginosa infection among 
CF patients in United States decreased from 60.4% 
in 1995 to 56.1% in 2005 [38]. 
Razvi et al. further observed that the prevalence of 
S. maltophilia increased from 4.0% in 1996 to 12.4% 
in 2005 [38]. In this regard, numerous studies have 
reported increased rates of S. maltophilia infection 
in CF patients [39-42]. Furthermore, in a cohort 
study, Crull et al. revealed a reduction in the prev-
alence of both chronic and mucoid P. aeruginosa in-
fection over an 11-year observation period [43].
Understanding the epidemiology and factors as-
sociated with P. aeruginosa infection may improve 
care in CF adults [43]. We were not able to assess 
the risk factors associated with the development 
of P. aeruginosa infection; however, this evaluation 
might help prevent P. aeruginosa infection and ul-
timately improve the quality of life [35, 44].
In a prospective cohort study conducted by Rosen-
feld et al., CFTR genotype, female gender, age at 

diagnosis, and pancreatic enzyme levels were re-
ported as risk factors for the initial P. aeruginosa in-
fection in children [45]. Moreover, to control and 
prevent P. aeruginosa infections among CF patients, 
it is necessary to determine whether exists a persis-
tence of the same strain or a reinfection due to a 
new strain. In this connection, previous studies re-
ported that the majority of CF patients were colo-
nized by a unique genotype of P. aeruginosa [46-48].
However, other reports have detected co-infec-
tions with multiple P. aeruginosa strains in these 
patients [49-51]. Moreover, the role of the environ-
ment as a source of P. aeruginosa infection in CF 
patients is challenging to prove and remains a 
matter of controversy [52].
The main limitation of our study was that most of 
the included studies were limited to few regions 
of Iran, so the results may not reflect the actual 
epidemiology in Iran.

n	 CONCLUSIONS 

In conclusion, the current study showed a re-
markable prevalence of P. aeruginosa among CF 
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patients in Iran. Due to the rapid spread and ma-
jor severity of P. aeruginosa and other opportunis-
tic pathogens, it is necessary to identify risk fac-
tors, reservoirs, and transmission routes so as to 
successfully control the infections among Iranian 
CF patients.
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