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ABSTRACT

Pseudomonas aeruginosa is the major bacterial pathogen associated with increased mortality and morbidity in cystic fibrosis 
patients. This study compared the antimicrobial susceptibilities of 56 Pseudomonas aeruginosa isolates collected from 28 Romanian 
pediatric patients over 15 years (2005-2020) and investigated the resistance to the usual antibiotics and the incidence of multi-
drug resistance Pseudomonas aeruginosa. The susceptibility rates to antimicrobials were as follows: Gentamicin 50%; Cefepime 
53.6%; Ceftazidime 64.3%; Amikacin 67.9%; Ciprofloxacin 75%; Piperacillin 75%; Piperacillin-Tazobactam 82.1%; Meropenem 
82.1% Levofloxacin 89.3%; Colistin 100%. Half of the patients gain antibiotic resistance during the study period. We noticed the 
most significant increase in antibiotic resistance for Ciprofloxacin, 14.3%, followed by Meropenem 10.8%, Ceftazidime 10.7%, and 
Piperacillin 10.7%. Multi-drug resistance Pseudomonas aeruginosa strains were identified with a frequency of 25% of 56 samples. 
28.5% of patients with multi-drug resistance Pseudomonas aeruginosa strains were identified. Only one patient meets the criteria 
and can be classified as extensively drug-resistant Pseudomonas aeruginosa, sensitive only to Colistin. New therapeutic strategies 
for the treatment of Pseudomonas aeruginosa infections are an immediate necessity.
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INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive disease, occurring 
with approximately 30,000 patients in the USA and over 70,000 
worldwide, which primarily affects the respiratory system and 
often leads to respiratory complications responsible for significant 
morbidity and mortality [1,2]. CF is caused by mutations in the 
cystic fibrosis transmembrane conductance regulator (CFTR) gene, 
which encodes a protein [3]. This protein works as a channel across 
the membrane of cells, transports chloride ions into and out of 
cells and regulates sodium ions transport across cell membranes. 
Almost 2000 CFTR gene mutations have been identified, and 
the F508del mutation accounts for 50-70% of cases worldwide 
[4,5]. Dysfunction of this channel affects epithelial ion and water 
transport stability, causing mucus secretions to become thick  

 
and sticky. CFTR protein is localized in the apical membrane of 
secretory epithelial cells of exocrine glands [2,6]. CFTR dysfunction  
causes obstructions in the respiratory airways, inducing the 
accumulation of thick, viscous mucus in the respiratory tract,  
which prevents microbial clearance, generates a pro-inflammatory 
microenvironment, leading to chronic inflammation and infections 
[7]. It can affect the pancreas, the liver, the sweat glands leading to 
malabsorption, biliary cirrhosis, heat shock, and infertility [8].

Many factors, including geographic variation, ethnicity, type of 
genetic mutation, prolonged hospitalization, antibiotic exposures, 
and chronic infection, can affect the composition of the airway 
microbiome [9]. Staphylococcus aureus, methicillin-resistant 
Staphylococcus aureus, Haemophilus influenzae, Pseudomonas 
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aeruginosa and Burkholderia cepacia have been recorded as the 
major respiratory pathogens in cystic fibrosis patients, but also 
nontraditional microorganisms like Achromobacter xylosoxidans, 
Stenotrophomonas maltophilia, non-tuberculosis Mycobacterium 
have been identified and associated with worsening lung function 
[10].

CF is characterized by chronic inflammation and polymicrobial 
infection. Pseudomonas aeruginosa infection can be described as a 
multi-stage process. Early infection with Pseudomonas aeruginosa 
may be easy to eradicate. The success rate was 90%, and this was 
explained due to initial acquisition with environmental strains, 
with predominantly non-mucoid and antibiotic susceptible 
isolates. Chronic infection is complicated to eradicate due to the 
development of a mucoid biofilm, and it is associated with increased 
mortality and morbidity [11-14]. Different eradication strategies 
have been proposed. Nebulized antibiotics such as Colistin or 
Tobramycin, alone or in combination with oral antibiotics such as 
Ciprofloxacin, were most frequently used. Several studies compare 
different strategies of inhaled, oral and intravenous antibiotics 
and report insufficient evidence to state which antibiotic strategy 
should be used to eradicate early Pseudomonas aeruginosa infection 
in cystic fibrosis [11,15]. Chronic infection occurs when there is 
a bacterial switch to a chronic mode of survival. Pseudomonas 
aeruginosa holds a high level of intrinsic resistance expressed by 
restricted outer membrane permeability, efflux systems that pump 
antibiotics out of the cell, and production of antibiotic-inactivating 
enzymes, along with the acquired resistance and biofilm formation, 
lead to multidrug-resistant strains and persistent infections [14]. 
Antibiotic resistance frequently develops in acute exacerbations 
leading to multiple hospitalizations or chronic infections, mainly 
when the frequent use of antibiotics facilitates the selection of 
multi-drug resistance Pseudomonas aeruginosa strains [16]. It 
has been described as resistant to various antibiotics, including 
aminoglycosides, quinolones, β-lactams, and carbapenems [17,18]. 
New therapies such as inhaled Levofloxacin, Amikacin Liposome 
have been shown to improve lung function and the quality of life 
by reducing the number of exacerbations [16]. New studies show 
good results regarding the use of Ceftolozan/ Tazobactam for 
the treatment of multi-drug resistance Pseudomonas aeruginosa 
[19,20].

This study aims to identify the resistance of Pseudomonas 
aeruginosa strains to the usual antibiotics, describe the frequency 
of multi-drug resistance strains isolated from the respiratory 
samples of CF patients, and evaluate antibiotic evolution resistance 
in the studied period.

MATERIALS AND METHODS

This study was conducted at the Pediatric Clinic of the M.S. 
Curie Children’s Emergency Clinical Hospital, Bucharest. It is a 
retrospective cohort observational study conducted over 15 years. 
We studied the medical history of 64 patients diagnosed with cystic 
fibrosis in the period 2005-2020.

Patients who tested positive for chloride sweat test and the 
diagnosis were confirmed by genetic testing were included. The 
sweat test is considered the “gold standard” for the diagnosis of 
CF. A sweat chloride concentration of 60 mmol/L or greater on 
two separate occasions is indicative of CF. Screening for CFTR 
mutations was performed initially by analyzing 38 mutations and 
the Allele5T-7T-9T polymorphism. If no CFTR mutation has been 
identified, then the whole-gene CFTR sequencing was performed. 

Respiratory specimens such as sputum or bronchoalveolar lavages 
were collected during an acute exacerbation or a periodic medical 
examination.

Patients who had at least two positive samples for Pseudomonas 
aeruginosa, followed by antibiotic susceptibility, were included. 
Routine culture for Pseudomonas aeruginosa was performed on 
blood agar and MacConkey agar. The media were incubated for 
18-24 h at 37 °C, and Pseudomonas aeruginosa was identified by 
biochemical tests [21,22]. Antibiotic susceptibility testing was 
performed using the automatic method Vitek 2 in compliance with 
the European Committee on Antimicrobial Susceptibility Testing 
(EUCAST). The antibiotic susceptibility testing for aminoglycosides 
(Gentamicin and Amikacin), fluoroquinolones (Ciprofloxacin and 
Levofloxacin), beta-lactams (Ceftazidime, Cefepime, Meropenem, 
Piperacillin, Piperacillin-tazobactam), and polymyxin (Colistin) 
were performed by microdilution method [23-25]. Patients who 
had a positive sample for Pseudomonas aeruginosa and underwent 
early eradication therapy with subsequent negative samples were 
excluded. Also, all the patients without screening for CFTR mutations 
were excluded. Only 28 patients met the criteria mentioned above.

We performed statistical analysis and graphs using the 
Analyze IT 5.5 program (Microsoft Office Excel Add-on, Leeds, 
UK). Continuous variables had a non-gaussian distribution and 
were presented as the median and the interval between the 1st 
and 3rd quartiles in square brackets. The differences between 
the semiquantitative variables were assessed by the Mann-
Whitney U test. Categorical variables were presented as numbers 
and percentages in round brackets. Differences in quantitative 
parameters were tested using nonparametric tests (Kruskal-
Wallis). Qualitative data were compared with the chi-square test or 
Fisher exact test. We considered statistical significance at a p-value 
of 0.05 or lower. All patient data were anonymized before analysis.

Limitations of the study include the impossibility of studying 
the susceptibility of Pseudomonas aeruginosa infection to 
Tobramycin due to the lack of testing for the whole group and the 
impossibility to determine the phenotypic type (mucoid/non-
mucoid) of Pseudomonas aeruginosa isolates (Figure 1).

RESULTS AND DISCUSSION

A total of 28 patients, median age 15.5 years [10; 20], 57.1 
% males and 42.9% females, with a median age at diagnosis of 4 
months [3; 26.2] and with BMI 16.65 kg/m2 [14.82; 19.65] were 
studied. The most common genetic mutation was heterozygous for 
F508del (57.1%), followed by homozygous for F508del (39.3%). 
Other mutations such as G542X (14.3%), W1282X (14.3%) and 
349delTT (7.1%), G194R (7.1%), 1677delTA (7.1%), L1304X 
(7.1%), R347P (7.1%), R785X (7.1%), R1066H (7.1%), L88X/
G106PR (7.1%), 3272-26A-G (7.1%) were found. All patients 
had pancreatic insufficiency with median levels of stool elastase 
17µg/g [13.19; 39.25]. Pancreatic insufficiency and CF liver disease 
are associated with low bone mineral density [26]. High levels of 
calprotectin [72.2; 1192ug/g] were noticed. Type 1 diabetes was 
found in 7 patients (25%). Cystic fibrosis-related diabetes (CFRD) 
is considered one of the most important comorbidities for CF 
patients. It is associated with an increased number of exacerbations 
and poor lung function; thereby, annual screening with an oral 
glucose tolerance test is recommended from the age of 10 [27,28].

The most frequent pathogens identified in the sputum and/
or bronchoalveolar lavages besides Pseudomonas aeruginosa were 
methicillin-resistant Staphylococcus aureus 57.1%, Staphylococcus 
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aureus 39.3%, Klebsiella pneumoniae 28.6%, Escherichia coli 25%, 
Stenotrophomonas maltophilia 21.4%, Aspergillus fumigatus 17.9%, 
Burkholderia cepacia 14.3% and Mycobacterium tuberculosis 7.1%. 
Recurrent respiratory infections associated with obstructive lung 
disease are responsible for high morbidity and mortality rates due 
to respiratory insufficiency. It has been shown that Staphylococcus 
aureus and Haemophilus influenzae are more common in pediatric 
subjects, while Pseudomonas aeruginosa and Burkholderia 

cepacia are more common in older age. It has been noticed that 
Pseudomonas aeruginosa infection is associated with more severe 
lung disease [29], especially in female subjects [9,30]. Assessment 
of the lung function using spirometry showed median levels of 
FEV1 76.5% [63.2; 90.1], FVC 69.1% [60.5; 81.1], and an absolute 
FEV1/FVC ratio of 1.06 [0.98; 1.11], which indicates a restrictive 
ventilatory impairment [Table 1].

Figure 1: Study design.

Table 1: Cohort characteristics.

Parameter Distribution (a),[b]

Boys (%) 16 (57.1)

Age (years) 15.5 [10; 20]

Age at diagnosis (months) 4 [3; 26.2]

Disease time (years) 13.37 [8.86; 17.5]

BMI (kg/m2) 16.65 [14.82; 19.65]

Type 1 Diabetes (%) 7 (25)

FEV 1 76.5 [63.2; 90.1]
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FVC 69.1 [60.5; 81.1]

FEV1/FVC 1.06 [0.98; 1.11]

Stool elastase (µg/g) 17 [13.19; 39.25]

Calprotectin (μg/g) 345 [72.2; 1192]

Genetic Mutations

F508del homozygous (%) 11 (39.3)

F508del heterozygous (%) 16 (57.1)

394delTT (%) 1 (7.1)

1677delTA (%) 1 (7.1)

3272-26A-G (%) 1 (7.1)

G194R/c3112C (%) 1 (7.1)

L88X/G106PR (%) 1 (7.1)

L1304X (%) 1 (7.1)

polymorphism 9T` (%) 1 (7.1)

R347P (%) 1 (7.1)

R785X (%) 1 (7.1)

R1066H (%) 1 (7.1)

W1282X (%) 2 (14.3)

G542X (%) 2 (14.3)

Other Pathogens

Staphylococcus aureus (%) 11 (39.3)

Methicillin-resistant Staphylococcus aureus (%) 16 (57.1)

Klebsiella pneumoniae (%) 8 (28.6)

Escherichia coli (%) 7 (25)

Burkholderia cepacia (%) 4 (14.3)

Mycobacterium tuberculosis (%) 2 (7.1)

Aspergillus fumigatus (%) 5 (17.9)

Stenotrophomonas maltophilia (%) 6 (21.4)

(a)  Categorical variables were presented as numbers and in round brackets as percentages.
[b] Continuous variables were presented as the median and in square brackets as the interval between the quartiles.

We studied 56 antibiotic susceptibility testing for Pseudomonas 
aeruginosa, at least two for each patient. The initial rates of 
susceptibility to antimicrobials at were as follows: aminoglycosides- 
Amikacin 67.9%, Gentamicin 57.1%; fluoroquinolones-

Ciprofloxacin 89.3%, Levofloxacin 96.4%; beta-lactams-Ceftazidime 
75%, Cefepime 53.6%, Piperacillin 85.7%, Piperacillin-Tazobactam 
85.7%, Meropenem 92.9%; polymyxin- Colistin 96.4% [Table 2].

Table 2: Antimicrobial Susceptibility of Pseudomonas aeruginosa.

Parameter Distribution(a), [b]

Pseudomonas aeruginosa Isolates

Sputum sample (%) 14 (50)

Bronchoalveolar lavages (%) 14 (50)

Baseline Antibiotic Susceptibility1

Amikacin (%) 19 (67.9)

Ceftazidime (%) 21 (75)

Cefepime (%) 15 (53.6)

Ciprofloxacin (%) 25 (89.3)

Colistin (%) 27 (96.4)

Gentamicin (%) 16 (57.1)

Piperacillin (%) 24 (85.7)

Piperacillin/Tazobactam (%) 24 (85.7)

Meropenem (%) 26 (92.9)

Levofloxacin (%) 27 (96.4)
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Baseline drugs available2 8 [7; 10]

Pseudomonas aeruginosa Isolates

Sputum sample (%) 15 (53.6)

Bronchoalveolar lavages (%) 13 (46.4)

End of Study Antibiotic Susceptibility3

Amikacin (%) 19 (67.9)

Ceftazidime (%) 18 (64.3)

Cefepime (%) 15 (53.6)

Ciprofloxacin (%) 21 (75)

Colistin (%) 28 (100)

Gentamicin (%) 14 (50)

Piperacillin (%) 21 (75)

Piperacillin/Tazobactam (%) 23 (82.1)

Meropenem (%) 23 (82.1)

Levofloxacin (%) 25 (89.3)

End of study drugs available4 7.5 [7; 10]

Number of patients who gained antibiotic resistance (%) 14 (50)
1The antibiotic sensitivity at the beginning of the study.
2The number of antibiotics that are sensitive to Pseudomonas aeruginosa infection at the beginning of the study.
3The antibiotic sensitivity at the end of the study.
4The number of antibiotics which are sensitive to Pseudomonas aeruginosa infection at the end of the study.
(a) Categorical variables were presented as numbers and in round brackets as percentages.
[b] Continuous variables were presented as the median and in square brackets as the interval between the quartiles.

Multi-drug resistance Pseudomonas aeruginosa was defined as 
a non-susceptibility (intermediate plus resistance) to at least one 
agent in three or more antimicrobial categories: aminoglycosides, 
carbapenems, fluoroquinolones, penicillins+b-lactamase inhibitor, 
extended-spectrum cephalosporins, polymyxins, tetracyclines. 
Extensively drug-resistant (XDR) was defined as non-susceptibility 
to at least one agent in all categories, except two or fewer 
antimicrobial categories [31]. 

Half of the patients (50%) gain antibiotic resistance during 
the study period. The susceptibility rates to antimicrobials were 
lower than at the beginning of the study except for Amikacin and 
Cefepime, which had the same susceptibility rate. We noticed the 
most significant increase in antibiotic resistance for Ciprofloxacin, 
14.3%, followed by Meropenem 10.8%, Ceftazidime 10.7%, 
Piperacillin 10.7%, Gentamicin 7%, Levofloxacin 7%, Piperacillin-
Tazobactam 3.1%. An increase in antibiotic susceptibility has been 
identified only for Colistin [Figure 2]. 

Figure 2: Change in antibiotic sensitivity of Pseudomonas aeruginosa.
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Although we note a reduced antibiotic susceptibility of 
Pseudomonas aeruginosa during the study period, there are no 
results of statistical significance. The authors explain this partly 
due to correct targeted therapy and due to the small cohort studied. 
Lucca et al. [32] reported similar results, showing a significant 
decrease in antibiotic sensitivity for fluoroquinolones and an 
increased antibiotic sensitivity for Amikacin and Colistin. Fourteen 
sputa/bronchoalveolar lavage samples were positive for multi-
drug resistance Pseudomonas aeruginosa, given a frequency of 
25%. Another study tested 61 samples of Pseudomonas aeruginosa 
isolated from 30 patients with cystic fibrosis and reported a 
frequency of 19.7% for multi-drug resistance Pseudomonas 
aeruginosa [25]. Several studies showed an increased incidence 
of multi-drug resistance organisms among respiratory isolates, 
reporting a rate of 73% methicillin-resistant Staphylococcus aureus 
and between 26% and 43% multi-drug resistance Pseudomonas 
aeruginosa [33]. 28.5% of patients with multi-drug resistance 
Pseudomonas aeruginosa strains were identified. Three patients 
maintained the initial antimicrobial resistance throughout the 
study, and the other three patients acquired new resistance to 
the following antibiotics: Ceftazidime, Ciprofloxacin, Gentamicin, 
Piperacillin-Tazobactam, Meropenem Amikacin. All these patients 
have pancreatic insufficiency with mean levels of stool elastase 
between 13.19-39.25 µg/g. Ideozu et al. [34] noticed that pancreatic 
insufficient CF subjects showed increased colonization with 
any form of Pseudomonas aeruginosa compared to the sufficient 
pancreatic group. 

We mention two patients who presented multi-drug resistance 
Pseudomonas aeruginosa strains at the beginning of the study but 
not at its end. The authors explain this due to a correctly performed 
antibiotic treatment, as well as due to good compliance of the patient 
[35-37]. Moreau-Marquis et al. [38] reported that ∆F508 CFTR 
mutation is associated with increased Pseudomonas aeruginosa 
biofilm formation by increasing iron availability. In the airway of CF 
patients is an increased amount of iron, which is known to increase 
the growth of Pseudomonas aeruginosa in contrast to iron chelation 
which reduces biofilm production.

These patients were found to be ∆F508 heterozygotes, and 
those who maintained multi-drug resistance Pseudomonas 
aeruginosa strains during the study had the ∆F508 genetic mutation 
in the homozygous form. Several studies showed that patients with 
CF who are homozygous for the ∆F508 mutation usually have an 
increased risk of detecting Pseudomonas aeruginosa and thereby 
more severe disease. One patient meets the criteria and can be 
classified as extensively drug-resistant Pseudomonas aeruginosa, 
sensitive only to Colistin. 

There was no increased antimicrobial resistance identified 
to Colistin throughout the study period, so we report a 100% 
susceptibility rate at the end of the study even though all patients 
received treatment with inhaled Colistin. This result is following 
the data in the literature. Ekkelenkamp et al. [39] tested 414 
Pseudomonas aeruginosa isolates from respiratory samples of CF 
patients and reported only a percentage of 4% resistance to Colistin 
[40,41]. Mustafa et al. [42] studied 153 Pseudomonas aeruginosa 
isolates from 118 patients and reported a susceptibility rate based 
on EUCAST breakpoints of 92%. Jansen et al. [43] concluded that 
resistance to Colistin was rare despite its frequent use in the 
studied patients.

Infections with carbapenem-resistant Pseudomonas 
aeruginosa represent a significant public health problem due to 

a challenging treatment and possible widespread transmission. 
Worldwide increased carbapenem resistance ranges from 10% 
to 50% [42]. Our study emphasizes these results by reporting an 
increase in carbapenem resistance rate of 10.8%, surpassed only 
by Ciprofloxacin 14.3% and a rate of 25% multi-drug resistance 
Pseudomonas aeruginosa. In the 2019 surveillance report, the 
European Centre for Disease Prevention and Control reports the 
highest mean resistance percentage for fluoroquinolones, 18.9%, 
Piperacillin + Tazobactam 16.9%, and carbapenems 16.5%, and a 
mean percentage of 12.1% combined resistance [43].

Depending on the urgency of developing new antibiotic 
treatment, World Health Organization (WHO) listed carbapenem-
resistant Pseudomonas aeruginosa alongside carbapenem-resistant 
Enterobacteriaceae and carbapenem-resistant Acinetobacter 
baumannii as microorganisms with critical priority. In light of these 
findings, early eradication of Pseudomonas aeruginosa infection in 
cystic fibrosis is essential because antibiotic resistance frequently 
develops once the chronic infection is established. All the data 
provided by the studies are necessary to find a better strategy to 
manage these infections. Discoveries or alternative therapeutic 
strategies against this opportunistic agent are an immediate 
necessity. Although we note a reduced antibiotic susceptibility of 
Pseudomonas aeruginosa during the study period, there are no 
results of statistical significance. The authors explain this due to 
the small cohort studied.  

CONCLUSION

Pseudomonas aeruginosa is the primary respiratory pathogen 
in cystic fibrosis patients, whose prevalence increases with age and 
whose eradication is increasingly difficult due to the appearance of 
multi-drug resistance and extensively drug-resistant strains. Half 
of the patients gain antibiotic resistance during the study period. 
The emergence of multi-drug resistance Pseudomonas aeruginosa 
was 25%. Ciprofloxacin and Meropenem had the most significant 
increase in resistance rate (14.3% versus 10.8%). One patient 
meets the criteria and can be classified as extensively drug-resistant 
Pseudomonas aeruginosa, sensitive only to Colistin; therefore, we 
report a 100% susceptibility rate. Considering that WHO listed 
Pseudomonas aeruginosa as one of the three bacteria with critical 
priority as a target of antibiotic therapy research, it is essential to 
emphasize that although it was introduced to Europe in the 1950s 
and used frequently for cystic fibrosis patients, Colistin remains 
a valid therapeutic option for treating multi-drug resistance and 
extensively drug-resistant Pseudomonas aeruginosa.
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