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ABSTRACT

Background and Objectives: Respiratory infections are the most serious condition in cystic fibrosis (CF) patients; there-
fore, a thorough comprehension of the diversity and dominant microbial species in CF airways has a crucial role in treatment.
Our objective was to determine the antibiotic resistance profile of CF airways microbiota and compare culture methods and
PCR-DGGE to evaluate bacterial diversity.

Materials and Methods: Pharyngeal swabs from 121 CF patients were collected. The samples were then cultured, identified
and antibiotic resistance testing was performed. Thirty samples were subjected to further molecular surveys. DNA contents
of these samples were extracted and amplified using nested-PCR technique and their bacterial diversity was assessed by
DGGE. The DGGE patterns were visualized and certain bands were excised and purified. Next, the DNA was amplified by
another round of PCR and sent out for sequencing.

Results: Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella pneumoniae were the most prevalent species
isolated using culture methods. S. aureus was the most common bacteria among 6 years and younger patients; while, P.
aeruginosa had more prevalence among older ones. The PCR-DGGE results showed more diversity than culture methods,
particularly in younger patients who exhibited more bacterial diversity than the older groups. Sequencing results unveiled
the presence of certain bacterial species including Haemophilus parainfluenzae and Stenotrophomonas maltophilia which
were completely missed in culture.

Conclusion: Even though culture-dependent methods are cost-effective, PCR-DGGE appeared to be more efficient to de-
termine bacterial diversity. PCR-DGGE detects less abundant species, though their viability could not be determined using
this method.
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INTRODUCTION

Cystic fibrosis (CF) is the most common lethal he-
reditary disorder among Caucasians. Mutation in the
cystic fibrosis transmembrane conductance regula-
tor (CFTR) encoding gene gives rise to the physio-
pathology of CF. Impaired CFTR or lack of it leads
to the emergence of unusually thick and sticky mu-
cus, which accumulates in the patient’s airways and
disables mucociliary clearance in the lungs. Hence,
microenvironments in CF respiratory tract are not
the same as that of healthy individuals and are going
through drastic changes throughout a patient's life
which eventually results in the favorable condition
for pathogens to reside while inefficient immune re-
sponses further damage their lung (1). Mainly, bac-
terial lung infections reduce life expectancy in most
CF patient. UK Cystic Fibrosis Registry reported
that the median predicted survival age of CF between
2014 and 2018 was 47.3 years and also 73.1% of the
recorded causes of death from 2016 to 2018 were re-
ported as respiratory/cardio-respiratory (2).

Recent studies have drawn attention to the de-
creased diversity of the CF airway microbial com-
munity which is related to a patient’s age, worsened
lung disease, and antibiotic usage (3-5). The most
significant bacterial pathogens of these communi-
ties are considered to be Pseudomonas aeruginosa,
Staphylococcus aureus, Haemophilus influenzae,
and Burkholderia cepacia complex, with P. aerugi-
nosa reported as the most common pathogen in CF
lung disease (1). Improved treatment approaches for
these classical CF lung pathogens have prompted
the appearance of novel airway pathogens includ-
ing, Stenotrophomonas maltophilia, Mycobacterium
abscessus, Achromobacter xylosoxidans, Ralstonia
spp., Pandorea spp., and members of Streptococcus
milleri group (6). Furthermore, less common bacte-
ria like Rothia mucilaginosa, Gemella haemolysans
and several anaerobic species, such as Prevotella
spp, Veillonella spp., and Fusobacterium spp., are
increasingly being recognized (6, 7).

A vital challenge in CF is to determine bacterial
members of the respiratory microbiota, but it mostly
consisted of a small group of bacterial species, the
majority of which could be readily isolated by con-
ventional aerobic culture-based approaches (6, 8).
There are two major types of methods for evaluat-
ing microbial diversity, culture-dependent and cul-
ture-independent methods (9).
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Using culture-independent methods of microbi-
al community analysis has unveiled a more diverse
community of micro-organisms, including even
unexpected anaerobic members while interspecies
interactions in these communities could even affect
antibiotic effectiveness. As a result of these inter-
actions, changes in metabolic pathways, virulence
factors or quorum sensing signals production, and
formation of biofilm might happen to some members
which could alter their viability and their susceptibil-
ity to certain antibiotics (3).

Genetic fingerprinting techniques are powerful
tools to be utilized for investigating microbial diver-
sity and structure of a community including those in
CF airways. Denaturing gradient gel electrophoresis
(DGGE) is a fingerprinting method that has been em-
ployed in inspections of oral and respiratory micro-
bial communities of the different diseases frequently
(10). Theoretically, this method could separate dou-
ble-strand segments of DNA or RNA of the same
size with at least 1 different base pair which might be
a case of substitution, insertion, or deletion, so it is
able to detect different alleles or mutations of a par-
ticular gene (11).

In order to illustrate the diversity in a microbial
community, firstthe 16S rRNA gene is amplified us-
ing PCR and then investigated through DGGE tech-
nique. In DGGE, electrophoresis is performed in a
polyacrylamide gel which contains a linear gradient
of urea and formamide that act as denaturants. While
PCR products migrate in gel, they will face more
concentrations of denaturants, and at some points,
they are going to be denatured partially or complete-
ly (10). The additional GC-clamp tail in one of the
PCR primers has been recommended to avoid total
dissociation of double-stranded DNA in gel and per-
mits separation of fragments from different bacterial
species that present in one sample (12). However, the
GC-clamp might alter the annealing temperature of
primers and defect their ability to anneal with tem-
plates; hereafter, inefficiency in the detection of less
abundant species could occur in more complex com-
munities. To overcome this problem, the usage of
nested-PCR has been recommended. Besides being
a cost-effective, easy to perform, and reliable tech-
nique, bands in a DGGE gel might be excised and
sequenced for further investigation, unlike other pro-
filing methods (13).

In this study, we performed conventional culturing
methods to survey airway pathogens and antimicro-
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bial susceptibility tests were carried out to determine
their resistance pattern in pharyngeal samples of CF
patients. Since our culturing results did not exhibit
the expected diversity, some samples were chosen for
deeper analysis by PCR-DGGE and further sequenc-
ing to evaluate the accuracy of these cultures and to
gain a perspective towards the species that are usual-
ly missed in these conventional techniques.

MATERIALS AND METHODS

CF patients. In this study, 121 patients from the
Iranian CF center in the children’s medical center in
Tehran participated in this project between November
2018 and August 2019. Among participants, 56.19%
were male and 43.8% were females.

Culture methods. Respiratory specimen samples
(pharyngeal swabs) were routinely cultured onto sev-
eral solid media, including Chocolate agar, Sheep’s
Blood agar, Mannitol Salt agar, and MacConkey agar.
Additionally, colonial morphology, Gram staining,
and other standard biochemical tests were used for
the identification of each bacterial species. All iso-
lates were kept at -20°C in tryptic soy broth (Mer-
ck, Germany) containing 10% dimethyl sulfoxide
(Merck, Germany) (v/v) (14). After that, the residu-
al specimen was stored at -80°C in 0.5 ml aliquots.
Culture results for each specimen were obtained
from the clinical microbiology laboratory database

).

Antibacterial susceptibility testing. Antibacte-
rial susceptibility profiles of the isolates were deter-
mined by disk diffusion according to the Clinical and
Laboratory Standards Institute (15). The used anti-
biotic disks (Padtan Teb, Iran) were co-trimoxazole
(1.25/23.75 pg), gentamicin (10 pg), ceftazidime (30
ug), ciprofloxacin (5 pg), imipenem (10 ug) amika-
cin (30 ug), azithromycin (15 pg), clindamycin (2 pg),
erythromycin (15 pg), cefixime (5 pg), cefoxitin (30
ng), cefalotin (30 pg), oxaciline (1 ng), fosfomycin
(200 pQ), cefaclor (30 pg), ceftriaxone (30 ug), van-
comycin (30 ug), ampicillin (10 pg), nalidixic acid
(30 pg), penicillin (10 pg), levofloxacin (5 pg), tobra-
mycin (10 pg), and norfloxacin (10 pg). All tests were
repeated 3 times and their average inhibition zones
were reported. P. aeruginosa ATCC 27853 and S. au-
reus ATCC 29213 were used as controls.
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PCR-DGGE and 16S rRNA sequencing. In this
step, 30 samples were chosen for further molecular
investigations. A phenol-chloroform technique with
modifications was used to obtain bacterial DNA (16).
Then, 500 ul of cold lysis buffer (NaCl 1.5 M, Tris
base 100 mM, EDTA 100 mM), 13 pl of SDS (25%),
and 100 mg of glass beads (0.5 mm) were added to
200 pl of thawed pharyngeal samples. The tubes were
vortexed for 90 seconds, 700 pl of chloroform-isoam-
yl alcohol (24:1 v/v) was added and the tubes were
centrifuged at 16000x g for 10 min. Next, the super-
natant was transferred to another sterile tube and one
volume of isopropanol was added to precipitate DNA
overnight at -20°C. The tubes were again centrifuged
at 20000x g for 15 min and the supernatant was re-
moved. Then the pellet was washed by adding 300 pl
of 70% ethanol followed by centrifugation at 20000x
g for 12 min. At this step, the supernatant was re-
moved and the pellet was dissolved in 30 pl of sterile
TE buffer and stored at -20°C. The same procedure
was used to extract DNA from pure cultures of S.
aureus, P. aeruginosa, K. pneumoniae, and, Entero-
bacter aerogenes isolated from patients.

In the next step, 16S rRNA gene was amplified
using universal primers (27f and 1492r). PCR re-
actions were performed in a final volume of 25 pl,
containing 12.5 ul of ready to use PCR master mix,
2x(SinaClon, Iran), 5 uM of each primer, and 100 ng
of DNA templates. Following conditions were used
for amplification: 95°C for 10 min for initial dena-
turation, 30 cycles of 94°C for 1 min, 55°C for 45 s
and 72°C for 2 min, and a final extension at 72°C for
10 min. After that, V3-V4 region of 16S rRNA gene
was amplified in nested-PCR by using primers 341f
(5"-GC-clamp-ACTCCTACGGGAGGCAGCAG-3")
containing a 40 bp GC-clamp, and 782r (5-GCGT-
GGACTACCAGGGTATC-3) (17). Each 25 ul PCR
reaction mixture contained 12.5 pl of ready to use
PCR master mix, 2x (SinaClon, Iran), 3 uM of each
primer, and 0.5 pl of the diluted previous PCR prod-
uct (1:10) as DNA template. The second PCR was
carried out with the following conditions, 95°C for 4
min, 35 cycles of 95°C for, 65°C for 45 s and 72°C for
1, and a final extension at 72°C for 10. The products
of the latter PCR were separated by using D-Code
system (Bio-Rad, USA) on polyacrylamide gel (8%)
with a 35% to 75% linear denaturing gradient. The
amplified DNA of isolates was loaded on each gel
alongside the samples (18, 19). The electrophoresis
was done at 60 V and 60°C for 12.5 hours in 1x TAE
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buffer, as it is described elsewhere, with modifica-
tions made to adjust to the samples (20, 21). Then,
the gels were stained using DNA gel stain (Pishgam
Biotech Co., Iran) and manually documented by the
inGenius3 system (Syngene, USA). Some bands were
excised from DGGE gel and their DNA was extracted
(Pishgam Biotech Co., Iran). After that, purified DNA
was reamplified using 341f and 782r primers without
GC-clamp with the previously mentioned program.
The PCR products were sent for further sequencing
(Pishgam Biotech Co., Iran). Finally, the sequencing
results were compared to the GenBank database us-
ing BLAST search (NCBI).

Statistics analysis. Statistical analyses were
achieved using nonparametric analysis and two-tailed
Mann-Whitney U test in SPSS 19 for comparison of
prevalence of P. aeruginosa and S. aureus between
patients less than 6 and more than 6 years old as well as
for comparison of the frequency of bacterial diversity
between patients less than 6 and more than 6 years old.

Acquired sequences were submitted in GenBank
database and are available under accession numbers
0OK103998-104004.

RESULTS

CF patients. Of 121 CF patients who participated
in this project, 41.32% were newborns to 6 years old
(14% of which are less than 1 year), followed by 6 to
12 (31.4%) and 12 to 18 (14%). The lowest rates of
patients (12.4%) were older than 18 years old.

Culture methods. The results of the culture-based
method revealed that among CF patients participat-
ing in this project, S. aureus (38.8%), P. aeruginosa
(26.44%), and K. pneumoniae (12.39%) are the most
prevalent species. Other less prevalent species are
shown in Table 1. Moreover, The other less common
isolated bacterial or fungal species were C. albicans,
E. coli, Acinetobacter sp., Citrobacter sp., and Entero-
bacter sp.. The frequency of each isolate is shown in
Table 1. As shown, in the first 6 years of life, S. aureus
was the prevalent bacteria, whereas, in older patients,
P. aeruginosa was more common (P<0.05).

Antibacterial susceptibility testing. For each bac-

terial isolate, the antibiotic susceptibility testing was
done whose results are shown in Table 1. Only 3.3% of
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isolates were multi drug resistance (MDR). MDR was
defined as resistance to at least one antibiotic with-
in three or more different antibiotic classes (e.g., be-
ta-lactam, aminoglycoside, and fluoroquinolone) (22).

PCR- DGGE and 16S rRNA sequencing. Profile
of DGGE presented a relatively different pattern and
number of bands for each CF patient (Fig. 1). An av-
erage of 5.1 + 2.2 bands per sample was observed in
DGGE gel, and a maximum of 10 bands was recorded
for one sample, while the maximum number of bacte-
rial species recovered by cultivation techniques was
2 isolates per sample. The highest diversity was ob-
served in the younger group with the age under 6 years
than the older one (p<0.05). The presence of certain
bacterial genera in samples was evaluated by com-
parison of the migration pattern of clinically isolated
pathogens with the samples. The results showed that
the corresponding band to P. aeruginosa was observed
in 22 of 30 samples, while only 10 of them were re-
covered in culture. Furthermore, S. aureus was recov-
ered by culture in 10 of these 30 samples; while, only
4 of them showed the related band in their DGGE pat-
tern. Meanwhile, 4 of these samples demonstrated the
band corresponding to K. pneumoniae, whose number
of recovered isolates among these 30 samples was 6.

Sequencing data (Table 2) indicated the presence
of the certain bacterial species that were completely
missed by culturing techniques or the species that are
usually considered as normal flora but could cause
infections in the lower airways of CF patients. As ex-
pected, the bands whose sequences turned out to be
similar to P. aeruginosa and K. pneumoniae showed
complete alignment to the corresponding bands of
those bacteria.

DISCUSSION

The main manifest of CF is respiratory infection,
which begins in early childhood of these patients.
Lung infection and antimicrobial resistance could
lead to decline of lung function and pulmonary dam-
age in CF patients. The improvements in molecular
methods such as PCR-DGGE allowed us to know mi-
crobiota composition that has a significant role in CF
lung disease.

According to the culture-based results, S. aureus
and P. aeruginosa are the most common bacteria,
respectively. Whereas, S. aureus isolates were com-
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Table 1. Percentage of prevalence and antibiotic resistance of bacterial isolates from CF patients

Strain Prevalence Antibiotic resistance (%0)

(%) SXT GM CAZ CP IPM NOR AN AZM CC E CFM FOX CF OX CECCRO FF VA NA LEV P TOB AM

P. aeruginosa 264 714 258 0 33 71 105 161 - - - 85 10 - - 100 461 100 - - - - 0 -
S. aureus 388 285 4 666 357 0 285 - 666 428 869 8.8 0 0 181 0O O 55 695 - - 85 - 833
K. pneumoniae 123 571 333 444 214 142 50 142 - - - 545 333 - - 99 272 55 - 50 25 - - -
Enterobacter cloacae 2.45 - 0 - 0 0 , 0 - - - 0 - - - - 0 - - - - - - -
Citrobacter sp. 165 100 0 - 100 O - 10 - - - 0O O - - - 0 0O - 120 - - - -
S. epidermidis 165 o o o O - - - - 0 - 0 0 - - - - 0 100 - - 100 - 100
Beta hemolytic streptococci ~ 1.65 B 0 0 0 - 100 - - - - 0 - - - - 0 - 0 - - 0 - 100
Enterococcus faecalis 3.3 ) o5 } 0 0 } 50 ) ) R 0 B } - 100 - 25 100 - ) ) _ )
E. coll 83 100 50 666 75 0 100 25 - - - 0 - - - - 0 - . o oo .
S. viridians 165 - 0o o0 0 - 120 - - - 0 0O - - - 0 - 0 120 - - 0 - -
S. pneumoniae 0.8 ) 0 0 ) - 100 - ) ) 0 0 - ) ) R 0 B 0 R } 0 R 0
Edwardsiella 0.8 ) 0 0 0 0 . 100 ) ) R 0 0 ) ) _ R 0 - 100 - B _ B
Enterobacter gergoviae 0.8 100 100 0O 0 0 0 100 - ; _ R R - - - - - - R - - - -
Klebsiella oxytoca 0.8 0 0 0 0 0 0 0 ) 3 B} - - 3 B i B i } - B - - -
Acinetobacter baumannii 0.8 0 100 100 100 100 100 100 _ _ _ - - - - - - - - - - - - -
Providencia alcalifaciens 0.8 100 100 100 100 100 100 100 - - - . S - . .
Burkholderia sp. 08 " 400 1200 100 100 100 100 100 - - - - = o oo ..o
Acinetobacter johnsonii 0.8 100 100 0 100 100 O 100 - - - . S - . - -
Enterobacter asburiae 0.8 00 100 0 o 0 0 100 - . - oL
Providencia rettgeri 0.8 o o 0 100 0O 100 100 - B - - - B B - } - B - ; ; - ;
Serratia marcescens 0.8 . 10 100 0 O - 100 - - - 100 - - 100 - - - 100 - .
S. milleri 08 -0 - - - - - - - 120 - - - - - 0 - 0 - 100 - - 100
Group D streptococci 0.8 B - - 100 O - - - - - - 0 - - 0 - 100
Wlinninea nA 1nn n 1nn 1NN n 1nn 1nn 1nn

SXT (co-trimoxazole), GM (gentamicin), CAZ (ceftazidime), CP (ciprofloxacin), IPM (imipenem), NOR (norfloxacin), AN (amikacin), AZM (azithromycin), CC (clindamycin),
E (erythromycin), CFM (cefixime), FOX (cefoxitin), CF (cefalotin), OX (oxaciline), CEC (cefaclor), FF (fosfomycin), CRO (ceftriaxone), VA (vancomycin), NA (nalidixic
acid), LEV (levofloxacin), P (penicillin), TOB (tobramycin) and AM (ampicillin).

"-" represents no given data.
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23 24 25 26 27 28 29 30 Sa Pa

Fig. 1. DGGE profile of the 16S rRNA amplicons from CF respiratory samples (1-30), S. aureus (Sa), P. aeruginosa (Pa), K.
pneumoniae (Kp), E. aerogenes (E). A-G showcase the position of the sequenced bands.

Table 2. Partial sequencing results of 16s rRNA gene of DGGE gel excised bands

Name Sequence length Sequence ID Closest BLAST match
(bp) Species name ldentity (%)

A 160 0OK103998 Streptococcus mitis 100.00
B 429 OK103999 Klebsiella pneumoniae 100.00
C 153 OK104000 Streptococcus salivarius 99.35
D 153 OK104001 Haemophilus parainfluenzae 98.69
E 425 0OK104002 Lactococcus lactis 99.53
F 420 0OK104003 Pseudomonas aeruginosa 100.00
G 432 0OK104004 Stenotrophomonas maltophilia 100.00

mon in up to 6 years old patients and P. aeruginosa
was prevalent in older ones. Other studies conducted
in Iran reported similar results (23).

Other micro-organisms found in the culture methods
follow as Klebsiella pneumoniae (12.3%), Entero-
coccus faecalis (3.3%), Escherichia coli (3.3%), En-
terobacter cloacae (2.45%), Citrobacter sp. (1.65%),
beta-hemolytic streptococci (1.65%), Staphylococ-
cus epidermidis (1.65%) and S. viridians (1.65%). S.
pneumoniae, Edwardsiella sp., Enterobacter gergo-
viae, Klebsiella oxytoca, Acinetobacter baumannii,
Providencia alcalifaciens, Burkholderia sp., Acineto-
bacter johnsonii, Enterobacter asburiae, Providen-
cia rettgeri, Serratia marcescens, S.milleri, Group
D Streptococcus and Kluyvera found less than 1%.

http://ijm.tums.ac.ir

In our research, S. aureus was sensitive to cefoxitin,
imipenem, cefalotin, cefaclor and ceftriaxone and P.
aeruginosa was also sensitive to ceftazidime and to-
bramycin. Similarly, it was reported that P. aerugi-
nosa isolates were sensitive to amikacin and ceftazi-
dime and S. aureus isolates were sensitive to linezol-
id, cefoxitin, teicoplanin, and clindamycin (23).

Emanein et al. reported that although polymyxin
B, piperacillin/tazobactam, and meropenem were the
most effective antibiotics against P. aeruginosa iso-
lates; also, ceftazidime was effective on about 50% of
the isolates (24).

The high antibiotic resistance to gentamicin, cip-
rofloxacin, imipenem, and amikacin among Burk-
holderia sp, Acinetobacter baumannii, Providencia
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alcalifaciens, and Acinetobacter johnsonii isolates
(3.3%) was observed as known as MDR. Moreover,
the results showed that among P. aeruginosa isolates,
no MDR was isolated. Other studies reported differ-
ent frequencies of MDR isolates in Iran. Emaneini et
al. described less than half of the P. aeruginosa iso-
lates were determined as MDR, whereas, Pournajaf
et al. found that 8.4% of P. aeruginosa isolates were
MDR (24, 25). This difference in antibiotic resistance
pattern might be attributed to the different frequent
strains in any region as well as antibiotic regimens.

It has recently been demonstrated that there is a
large diversity in the CF lung microbiota. The ability
of the microbiota to response to changes in lung en-
vironmental conditions is enhanced by diversity (26).
A critical challenge in CF is to determine microbiota.
Although, the limitations of both culture-based and
molecular methods in characterizing CF lung infec-
tions have become increasingly apparent existing
infection control approaches in CF are still limited
to classical aerobic culture-based methods that in-
clude only screening for the presence or absence of
a few bacterial species (5). We could make a point
that, although, these regular methods are easy to do,
inexpensive and well-defined, molecular approaches
have revealed much more diversity in CF lung mi-
crobiota (5, 27).

DGGE is considered as a relatively fast, low-cost,
and reproducible method to acquire a visual profile
of a microbial community (13). Although, DGGE is
known to be a technique to evaluate the most prev-
alent species in the community and to miss less
abundant ones, this technique was still more capable
of showing diversity than usual culture-dependent
methods (13).

Our DGGE results showed that the diversity of the
bacterial community was decreased with age. Such a
relationship between bacterial diversity and age was
believed to be a consequence of antibiotic therapy
in CF patients and has been reported in several oth-
er studies (28). Loss of bacterial diversity has been
frequently reported to be related to dominance of P.
aeruginosa and the progression of inflammatory dis-
eases (28, 29).

We found that the DGGE technique could be a
more efficient way to detect the presence of certain
bacterial species such as P. aeruginosa than the cul-
ture methods. Moreover, P. aeruginosa is one of the
classic CF pathogens which are proven to have an in-
fluence on disease state and severity (30). Such clini-
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cally significant species could be missed through the
culture methods due to the emergence of auxotrophic
strains, but they might be recovered using molecular
methods (31). It is worth noting that molecular ap-
proaches could be deceiving since DNA from dead
bacterial cells might get stuck in CF patients' thick
mucosal secretions. Nevertheless, culture method
seemed to be more proper way to detect the presence
of S. aureus than PCR-DGGE. This result is proba-
bly due to the improper DNA extraction method in
the lysis of bacteria having a thick cell wall such as
staphylococci, which leads to the underestimation of
their population in molecular techniques (32).

Our sequencing results indicated the presence of
oral streptococci in the airway microbiota of CF pa-
tients. Streptococcal species could be missed in reg-
ular cultures because of their special cultivation re-
quirements (33, 34). Streptococcal species have been
increasingly reported in respiratory samples of CF
patients (33). Although their mechanism of action is
yet to be understood, they are shown to be related
to less severe diseases and reduced inflammation;
therefore, their presence might be clinically signifi-
cant (29).

Haemophilus species are known to be one of the
most common residents in the respiratory tract of
younger CF children, and the presence of H. para-
influenzae among lower respiratory microbiota has
been reported in numerous articles (34, 35). It is be-
lieved that its presence is associated with poor lung
function in CF infants (36).

The culture methods used in the current study failed
to detect the presence of Haemophilus species in pa-
tients but molecular methods showed the existence of
H. parainfluenzae in at least one sample.

Though Stenotrophomonas maltophilia infections
are receiving more and more attention due to their
correlation with more severe disease and decline of
lung function and even have been recommended as a
marker of disease severity, the regular culture meth-
ods used in this study have failed to recognize it in
CF samples. The presence of this bacteria in at least
one patient was approved by sequencing (37, 38).

CONCLUSION
In conclusion, S. aureus and P. aeruginosa were

the most frequent airway pathogens in our CF pa-
tients; also, the appearance of MDR isolates is a ma-
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jor concern. Failure to eradicate the pathogens might
give rise to lung exacerbation; therefore, it is sug-
gested to investigate the antibiotic resistance pattern
in order to choose the appropriate antibiotic therapy.
Comprehension of lung microbiota, its diversity, and
changes might lead to improved treatments or a de-
crease in eradication failure of pulmonary infection.
It seems molecular methods provide a more accurate
profile of microbiota than the culture methods.
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