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Abstract 

Background: Cystic fibrosis (CF) is a genetic disorder that leads to 
severe respiratory complications primarily due to recurrent lung 
infections. This study aimed to isolate and identify microbial pathogens 
from the respiratory secretions of CF patients and investigate factors 
influencing their virulence and antibiotic resistance. 
Methods: In this cross-sectional study conducted between 2021 and 
2024, 45 confirmed CF samples were collected from throat samples at 
Aliebne Abitaleb Hospital in Zahedan, Iran. Following the 
identification of the strains, their antibiotic resistance was assessed by 
the disk diffusion method based on the Clinical Laboratory Standards 
Institute 2022. Also, the formation of biofilm was investigated by using 
a crystal violet assay, and relevant genes were identified by the PCR 
method. 
Results: The results revealed a high prevalence of Pseudomonas 
aeruginosa and Staphylococcus aureus, 24.4% and 35.6%, 
respectively, with significant rates of multidrug resistance observed 
among these pathogens. Notably, biofilm formation was identified as a 
critical factor contributing to antibiotic resistance, complicating 
treatment options. 
Conclusion: These findings underscore the need for tailored antibiotic 
strategies and highlight the importance of ongoing surveillance of 
microbial pathogens in CF patients to inform clinical practices. 
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Introduction 

Cystic fibrosis (CF) is recognised as a hereditary, 
autosomal recessive systemic condition affecting over 100,000 
people worldwide. Research into the pathogenesis of CF has 
shown that mutations in the CF transmembrane conductance 
regulator (CFTR) gene impair the functionality of ion channels 
situated on the apical membrane of epithelial cells1-3. 
Alterations in the CFTR gene lead to widespread effects, 
primarily impacting secretory functions across the body. 
Specifically, reduced chloride ion (Cl-) secretion and 
heightened sodium ion (Na+) absorption on epithelial surfaces, 

especially within the respiratory tracts, result in the excessive 
production of thick, viscous mucus. This accumulation of 
mucus, coupled with compromised ciliary clearance, ultimately 
causes obstruction of small airways and can result in 
respiratory failure4, 5. Individuals diagnosed with CF frequently 
undergo antibiotic treatment, particularly during episodes of 
pulmonary exacerbation associated with the condition6. 

The manifestations of the disease have been recorded from 
the prenatal stage into adulthood. Specifically, these symptoms 
begin during the prenatal phase, characterized by irregularities 
in the airway and intestinal linings, as well as mucous 
membranes, which result in respiratory infections and 
subsequent hospitalizations throughout the individual's life7, 8. 
Repeated infections act as catalysts for the onset of a 
pathophysiological sequence that leads to progressive and 
irreversible damage to the airways9; consequently, individuals 
with CF exhibit a persistently intricate microbiota presence in 
the airways, regardless of whether they are clinically stable or 
experiencing a pulmonary exacerbation10, 11. 

In recent decades, progress in airway clearance techniques, 
better nutritional practices, and the accessibility of antibiotics 
have greatly improved the overall care and quality of life for 
those living with CF12. The widespread use of antibiotics and 
repeated hospital admissions have resulted in the rise of 
antimicrobial resistance (AMR), which presents a significant 
risk to treatment strategies13, 14. The conventional technique of 
culturing bacteria from sputum has revealed common bronchial 
pathogens in CF, including Pseudomonas aeruginosa, 
Staphylococcus aureus, Burkholderia species, and the 
Streptococcus milleri group15. The most frequently detected 
genera in CF lungs are Prevotella, Veillonella, Fusobacterium, 
Atopobium, Peptostreptococcus, and Porphyromonas16. 
Among these bacteria, P. aeruginosa is intrinsically resistant to 
various antibiotics due to the low permeability of the outer 
membrane, production of chromosomal β-lactamases, and 
efflux pumps17, 18, and increased rate of Staphylococcal 
methicillin-resistant S. aureus (MRSA) infections19. 
Understanding the common bacterial pathogens, the trends in 
AMR, and the most effective treatment strategies tailored to 
AMR conditions can significantly improve clinical 
management. The HigB/HigA toxin/antitoxin system is crucial 
for the virulence of P. aeruginosa. HigA functions as an 
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antitoxin that suppresses the activity of the toxin HigB, which 
is recognized for diminishing the synthesis of essential 
virulence factors including pyocyanin, pyochelin, and biofilm 
development20. This system is essential for the bacterium's 
capacity to adjust to challenging conditions, such as those 
induced by antibiotic therapy. HigA primarily acts as a 
repressor of virulence gene expression by binding to the 
promoter region of mvfR, a regulator of virulence factors, thus 
influencing its expression21. HigB functions as an 
endoribonuclease that can degrade mRNA associated with 
virulence factors, thus influencing pathogenicity20. The tetA 
and tetB genes in S. aureus are responsible for tetracycline 
resistance, playing a crucial role in the development of 
antibiotic resistance. These genes produce efflux pumps that 
expel tetracycline from the bacterial cell, diminishing its 
effectiveness. Specifically, tetA encodes a protein that 
facilitates this resistance by transporting tetracycline out of the 
cell, while tetB operates similarly but may exhibit varying 
regulatory mechanisms or efficiencies across different strains. 
The detection of these genes in clinical isolates is associated 
with enhanced AMR, which complicates treatment strategies 
for infections in patients with CF22, 23. 

The present study aimed to evaluate the microbial 
pathogens and the AMR status among CF patients who were 
hospitalized at Ali-Ebn-Abitaleb pediatric hospital in Zahedan, 
Iran. 

Materials and Methods 
In this cross-sectional study, 45 confirmed CF patients 

(based on the sweet test and clinical presentation) who were 
admitted to Ali-Ebn-Abitaleb Hospital in Zahedan, Iran 
(including both outpatients and inpatients) between January 
2021 and December 2024 were included using a convenience 
sampling method. The inclusion criteria were CF patients who 
were under the age of 18, possessed at least 2 positive sweet 
tests, provided suitable sputum and deep pharyngeal swab 
samples, and consented and cooperated in all the examinations 
regarding this study. 

Following the collection of sputum and deep pharyngeal 
samples, the specimens were promptly cultured in blood agar 
and MacConkey agar (Merck, Germany) media. Subsequently, 
the bacterial colonies were assessed after incubation at 37˚C. 
Indeed, the bacterial identification was carried out based on 

macroscopic and microscopic characteristics. Furthermore, a 
series of biochemical tests according to the bacteria (Gram 
stain, catalase test, positive MSA, positive tube coagulase, 
positive DNase, positive oxidase, positive citrate, OF test, etc.) 
were conducted to ascertain the genus and species of the 
bacteria. After separating the various strains, the strains were 
preserved in 2 mL of brain heart infusion (BHI) and glycerol at 
a temperature of “ –70˚C”. 

An antimicrobial susceptibility test by the Disc Diffusion 
Test (DDT) was carried out for all the confirmed isolates of S. 
aureus and P.aeruginosa. However, the isolates were 
categorized as sensitive, resistant, or intermediate to each 
antibiotic by measuring the respective zone of inhibition 
according to the Clinical and Laboratory Standards guidelines 
(CLSI2023)24. The DDT and antibiotic discs for each pathogen 
will be selected based on CLSI-2023 recommendations as 
ceftazidime, cefepime, ciprofloxacin, imipenem, meropenem, 
piperacillin-tazobactam tobramycin, gentamicin, amikacin, 
aztreonam, trimethoprim/sulfamethoxazole (MAST, UK) for 
P.auruginosa and azithromycin, vancomycin, trimethoprim-
sulfamethoxazole, erythromycin, doxycycline (MAST, UK) for 
S.aureus. 

The capacity to form biofilms was assayed in microtiter 
plates virtually, and the crystal violet method (CVM) was 
described by Azeredo et al.25-27. In this case, P. aeruginosa 
ATCC 19606 was used as the positive control, and the culture 
medium was used as the negative control. 

DNA was extracted from all the phenotypically confirmed 
P. aeruginosa and S. aureus isolates by the boiling method28. 

Specific primers (Table 1) were used to amplify virulence 
and antibiotic resistance genes (HigA, HigB for P. aeruginosa, 
and tetA and tetB for S. aureus). The PCR reaction was 
performed in a total volume of 25 µL. Reactions contained 1 
µL of DNA template, 12 µL Master Mix (Fermentas, Waltham, 
Massachusetts, United States), 1 µM of each primer, and 10 µL 
deionized water (Sigma-Aldrich, USA). PCR assays were 
performed (based on Table 2) in a Bio-Rad MJ Mini thermal 
cycler (T100cyclerBio-Rad, Hemel Hempstead, UK) with a 
heated lid. On completion of the reaction, tubes with PCR 
products were held at 4°C. Further analysis and confirmation 
were carried out by performing analytical agarose gel 
electrophoresis (1% agarose gel for 95 min at 85 V). 

 

Table 1. Primers used to detect virulence genes in P.aeruginosa and S.aureus 

 reference Size (bp) Primer Bacteria Gene 

Resistance to quinolone (22) 428 F GCAAGTTCATTGAACAGGGT 
R CTAAACCGTCGAGTTCGGCG P.aeruginosa qnrs 

Antitoxin (23) 712 F CAGGTGGAGAGCGCAGGTC 
R CAATTGTCCCAACGCCTCCTTCG 

P.aeruginosa 
S.aureus Hig B 

Antitoxin (23) 823 F TTTGCCACGTTTGCATGCAG 
R CGCTCAGTTCTGGATGAATCTCC 

P.aeruginosa, 
S.aureus Hig A 

Resistance to tetracycline (29) 956 F GTAATTCTGAGCACTGTCGC 
R CTGCCTGGACAACATTGCTT S.aureus Tet A 

Resistance to tetracycline (29) 415 F CTCAGTATTCCAAGCCTTTG 
R ACTCCCCTGAGCTTGAGGGG S.aureus Tet B 
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Table 2. Biofilm formation among bacterial isolates collected from CF patients 

Bacteria 
Biofilm formation 

Negative, 
N (%) 

Weak, 
N (%) 

Moderate, 
N (%) 

Strong, 
N (%) 

Staphylococcus aureus 0 (0) 2 (18.2) 0 (0) 9 (81.8) 
Pseudomonas aeruginosa 0 (0) 6 (37.5) 0 (0) 10 (62.5) 
Acinetobacter baumannii. 1 (100) 0 0 (0) 0 (0) 

 

 
We used descriptive statistics to analyze the demographic 

characteristics of the study. The distributions of quantitative 
data were assessed for normality (Kolmogorov-Smirnov Test). 
Continuous and categorical variables were analyzed using a t-
test and a Chi-square test. Confidence intervals were computed 
at the P-value of 0.05 level, and analyses were performed using 
SPSS Statistics version 26 (IBM Corporation, Chicago, IL, 
USA). 

Results 
All 45 CF children were selected and evaluated for sputum 

microbiota and potential AMR. The mean age was 7.36±4.65 

years (ranging from 4 months to 18 years), and among them, 
31 (68.9%) were boys, and the others (14 patients, 31.1%) were 
girls. In terms of their place of residence, 27 patients resided in 
urban areas, while the remaining 18 patients (40%) lived in 
rural regions. 

Among the patients who were referred to Ali-Ebn-Abitaleb 
Hospital, 17 individuals (37.8%) were hospitalized while 28 
patients (62.2%) received outpatient visits. Furthermore, the 
data on antibiotic regimen revealed that ciprofloxacin was 
administered to 14 patients (31.1%), azithromycin to 9 patients 
(20%), tobramycin to 7 patients (15.6%), while 15 patients 
(33.3%) did not receive any antibiotic medication (Table 3). 

 

Table 3. Demographic data and clinical characteristics of the patients 

Characteristics Results 
Age, Mean±SD (range) 7.36±4.65 (4 months to 18 years) 
Gender: Male, Female (%) 31, 14 (68.9, 31.1) 
Birth rank: First, second, third (%) 19, 14, 12 (42.2, 31.1, 26.7) 
Place of residence: rural, urban (%) 27, 18 (60, 40) 
Type of patient care: inpatient, outpatient (%) 28, 17 (62.2, 37.8) 
Antibiotic regimen: Ciprofloxacin, Azithromycin, Tobramycin, None (%) 14, 9, 7, 15 (31.1, 20, 15.6, 33.3) 

 

 
A total of 45 respiratory secretion samples were analyzed 

to identify potential microbial pathogens. The results of 
bacterial isolate identification and confirmation were as 
follows: the most common bacteria found in the samples were 
S. aureus (16 samples, 35.6%), followed by P.aeruginosa (11 
samples, 24.4%), and A. baumannii (1 sample, 2.2%). The 
remaining samples (17 samples, 37.8%) were divided into 
Candida albicans (3 samples, 6.7%) and samples with no 
identified microbial isolates (14 samples, 31.1%). 

Staphylococcus aureus: The results of the antimicrobial 
susceptibility testing for S. aureus indicated that vancomycin 
exhibited the highest sensitivity at 100%. Following 
vancomycin, doxycycline showed sensitivity at 68.75%. 
Ciprofloxacin was at 62.75%, Trimethoprim-sulfamethoxazole, 
and clindamycin at 56.25%. The rate of methicillin resistance 
was 43.5%, Erythromycin 87.5%, and Penicillin was found to 
be completely resistant at 100%. In terms of biofilm 
production, all S. aureus isolates were found to be biofilm 
producers. Specifically, 81.8% of the samples were strong 
biofilm producers, while 18.2% were weak biofilm producers. 

Pseudomonas aeruginosa: The antimicrobial susceptibility 
study on P. aeruginosa revealed that all strains were sensitive 

to colistin and aztreonam. Following this, piperacillin-
tazobactam, cefepime, ceftazidime, gentamicin, ciprofloxacin, 
tobramycin, and Amikacin were found to be sensitive in 90.9% 
of samples. Imipenem and meropenem have lower sensitivity 
rates (sensitive: 54.4% and 45.6%, respectively). The results of 
the biofilm formation study revealed that 10 out of 16 P. 
aeruginosa isolates (62.5%) exhibited strong biofilm 
production, while the remaining 6 isolates (37.5%) had weak 
biofilm. 

Acinetobacter baumannii: The analysis of the only sample 
of Acinetobacter baumannii showed that the pathogen was 
completely sensitive to colistin, piperacillin-tazobactam, 
imipenem, meropenem, and ciprofloxacin. In addition, 
cefepime, ceftazidime, amikacin, gentamycin, and tobramycin 
were intermediately sensitive to Acinetobacter baumannii. The 
microtiter plates used to assess A. baumannii biofilm 
production showed no evidence of biofilm formation. 

Virulence gene: According to Table 4 and Figure 1, 18 
and 17 isolates of 25 P. aeruginosa isolates had HigA and 
HigB genes, respectively. Also, 13 isolates of 16 S. aureus had 
tetA and tetB genes. 
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Table 4. Frequency of HigA and HigB genes in P. aeruginosa and tetA and tetB in S. aureus 

Gene 
Bacteria 

HigA 
(n) 

HigB 
(n) 

tetA 
(n) 

tetB 
(n) 

P. aeruginosa 18 17 ------ ------- 
S. aureus --------- ------- 13 13 

 

 

Figure 1. The amplification and gel electrophoresis agarose 2% of HigA genes in P.aeruginosa 

 

 

Discussion 
This research demonstrated that microbial pathogens 

significantly impact children and adolescents with CF. 
Specifically, approximately 70% of CF patients' sputum 
cultures were infected by these pathogens, primarily bacteria 
accounting for 90% of positive cultures. It is worth noting that 
there is currently no agreed-upon initial treatment plan for 
these patients. As a result, medical services primarily focus on 
identifying the best combination of drugs, evaluating the 
effectiveness of treatment approaches on lung function, 
monitoring antibiotic resistance, tracking the emergence of new 
pathogens, and managing treatment expenses29. 

The most prevalent isolate in our study was Staphylococcus 
aureus, accounting for 35.6% of positive bacterial samples. S. 
aureus is recognized as an opportunistic pathogen in humans, 
particularly in chronic respiratory conditions such as 
rhinosinusitis, asthma, and chronic obstructive pulmonary 
disease (COPD)6. The importance of S. aureus lies in its ability 
to adapt to the host environment, cope with host immune 
responses (particularly its methicillin resistance), and form 
biofilms, which serve as a means to evade the immune defenses 
in the CF lungs and consequently enhance AMR30, 31. 

Fischer et al. (2021) conducted a longitudinal cohort study 
involving adults and children diagnosed with CF who had 
quantitative sputum cultures. Their findings indicated that over 
90% of the samples analyzed exhibited a positive culture for S. 
aureus, with 59% being methicillin-resistant; nevertheless, the 
prevalence of S. aureus decreased in older ages. Furthermore, 
they highlighted the rapid growth of MRSA rates, as they were 
found to be three times higher in a 15-year follow-up study, 
which can lead to a decrease in lung function, higher rates of 
hospitalization, increased use of oral, inhaled, and intravenous 
antibiotics, and even higher rates of mortality compared with 
individuals with methicillin-sensitive S. aureus (MSSA)32-35. 

The results of the present study showed that S. aureus had 
complete sensitivity solely to vancomycin while demonstrating 

resistance to erythromycin and penicillin, indicating that the S. 
aureus in the sputum of CF patients is highly resistant to β-
lactam antibiotics. Razvi et al. (2009) performed a cohort study 
on respiratory microbiology results from CF patients registered 
in the CF Foundation patient registry of the US over 10 years. 
Their results showed a significant 8-fold increase in the 
prevalence of MRSA within this period. As a result, they 
concluded that the epidemiology of bacterial pathogens and 
AMR underwent notable changes over time(36). Hence, it is 
crucial to prioritize the eradication of MRSA due to its 
substantial influence on patient outcomes. 

In addition to S. aureus, Pseudomonas aeruginosa was also 
a significant isolate in our study, accounting for 24.4% of the 
samples. The antimicrobial susceptibility study revealed that P. 
aeruginosa showed high sensitivity to colistin and aztreonam, 
while other commonly used antibiotics demonstrated varying 
degrees of sensitivity. The ability of P. aeruginosa to form 
biofilms, as indicated by the 62.5% of isolates exhibiting strong 
biofilm production, poses a significant challenge in treating 
infections in CF patients. Biofilm formation not only protects 
the bacteria from the host immune response but also enhances 
resistance to antimicrobial agents, complicating treatment 
strategies. 

 Investigating the presence of virulence genes (e.g., higA 
and higB in P. aeruginosa) as well as antibiotic resistance 
genes (e.g., tetA and tetB in S. aureus) is essential to determine 
appropriate treatment and increase the efficiency of managing 
these patients. Understanding significant pathways through 
which these pathogens develop is essential for developing 
targeted therapies and improving patient outcomes in CF 
management. The presence of resistance genes suggests that 
even with effective antibiotics, the treatment of infections may 
remain challenging due to the underlying genetic factors that 
promote resistance. 

Further research is needed to explore how these systems 
interact with host factors and other microbial communities 
within the CF lung environment. Investigating the dynamics of 
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these microbial populations and their resistance mechanisms 
will be critical in formulating effective treatment protocols and 
improving the quality of life for CF patients. Additionally, the 
development of novel therapeutic strategies, including phage 
therapy or the use of biofilm-disrupting agents, could provide 
alternative avenues for managing infections in this vulnerable 
population. 
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