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Abstract:

Pseudomonas aeruginosa is emerging as an important pathogen in both hospital and community-acquired infections,
as a result of its ability to produce biofilm formation and resistance for many antibiotics. In the current study, Sixty-
three isolates belonging to the P.aeruginosa were isolated from different clinical sources and individually screened
for antimicrobial susceptibility. The results showed high resistance of isolates for cefotaxime 87.3%, 52.38% of
isolates were resistant to carbenicillin and 11.11% to colistin.

Colony morphology was determined on Congo red agar, pelA, psID and algD genes were detected using PCR
technique. All isolates were produced thin layer pellicle at air-liquid interface and mucoid, smooth, semi-wrinkled
colonies on Congo red agar. Only 5 isolates revealed different fragments of pelAl, 2 and psID genes. On the other
hand, 72.41% of isolates were carrying the algD gene.The appearance of colonies is evidence of mutations especially
in pel genes, but some of them appeared with orange colour. Depending algD, pelA, and psID results, and phenotype
detection, in this study most of the local isolates are mucoid as a result of incidence of algD gene among these
isolates and high-frequency mutations of pel, and psl genes, suggesting that biofilm formation process
depends on alginate as essential ESP apart from Pel and Psl matrices.
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I. INTRODUCTION

Pseudomonas aeruginosa is an important opportunistic pathogen in nosocomial infections and responsible for
high mortality rates in burn centers (Lipovyet al., 2010).P.aeruginosa can develop antimicrobial resistance either
through mutational processes that alter the expression and/or function of chromosomally encoded mechanisms or by the
acquisition of resistance genes on the plasmid . Both strategies for developing drug resistance can severely limit the
therapeutic options for serious infections treatment (Streeter and Katouli, 2016).

Infections caused by MDR P.aeruginosa are associated with significant increases in morbidity, mortality, need
for surgical intervention double the length of hospitalization and overall cost of patient care (Akingbadeet al., 2012). At
least, three polysaccharides were produced by P.aeruginosa (alginic acid synthesis, pellicle formation locus (Pel),
polysaccharide synthesis locus (Psl)) and that are determinant for the stability of the biofilm structure. Mucoid and non-
mucoid P.aeruginosa strains differ by the qualitative composition of their polysaccharides in the biofilm matrix,
predominantly alginate or Psl (mannose-rich polymer)/Pel(glucose-rich matrix material), respectively (Maet
al.,2012;Laverty etal.,2014). Alginates, of mucoid Pseudomonas sp. are anionic linear unbranched polymers composed
of D-mannuronic (M) acid and L-guluronic acid (G) with a high molecular weight, contributes to the structural stability
and biofilms protection and to the water and nutrients retention as well (Powell et al., 2018).The autoaggregation ability
leads to several macroscopic phenotypes; among them are the pellicles production at the air-liquid interface of standing
liquid cultures and the highly structured colonies production on agar plates, pel mutants do not form pellicles or mature
solid-surface-associated (SSA)biofilms (Friedman and Kolter, 2004). Mannose rich polymer Psl plays an essential role
in the initial steps of biofilm formation by non-mucoid P. aeruginosa as well as in its maintenance (Heydari and
Eftekhar, 2015).This study aims to determine antibiotic susceptibility and investigate the colony morphology and pelA
, psID and algD genes in P.aeruginosa isolated from Baghdad Hospitals.

Il. MATERIALS AND METHODS

Bacterial Isolates: A total of 63 clinical isolates of P.aeruginosa were collected from several hospitals in
Baghdad between December 2016 and April 2017, and identified using Vitek 2 system and 16S rRNA using PCR
according to Spilker et al. (2004) .
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Antibiotic Susceptibility Testing: The isolates were subjected to antimicrobial susceptibility testing using
Kirby-Bauer disc diffusion method following Clinical and Laboratory Standards Institute (CLSI) guidelines
(CLSI,2016), using commercially available 6mm discs (MAST Group,UK). The susceptibility of the isolates was
determined against 12 antibacterial agents included:

Gentamicin (GM), Tobramycin(TN), Amikacin (AK), Ciprofloxacin (CIP), Levofloxacin (LEV), Colistin
Sulphate (CO), Piperacillin-tazobactam (PTZ), Ceftazidime (CAZ), Cefotaxime (CTX), Aztreonam (ATM),
Carbenicillin (PY), Imipenem (IMP). On Mueller- Hinton agar Plate (Himedia, India) using overnight culture at a 0.5
McFarland standard followed by incubation at 35C° for 18 hrs.

Pellicle formation assay: Pellicle forming was detected according to Friedman and Kolter (2004). T-broth
prepared by dissolving 10g of tryptone and 5g of NaCl in 1L of distilled water, and dispensed into glass tubes to
autoclaved, then inoculated with 10 pl of bacterial suspensions and incubated at 27C° for 24hrs., tubes contained T-
broth without inoculum considered as a negative control. The existence of an opaque layer at the air-liquid interface in
these tubes considered as a positive result.

Wrinkled colony assay: This assay was carried out as described by Friedman and Kolter (2004) as follows:
Congo red agar: Prepared by dissolving 10g of tryptone,Congo red 40pg/ml and Coomassie brilliant blue 15ug/ml, in
addition to 0.5-1.5% agar and then autoclaved. The overnight culture at a 0.5 McFarland standard for selected isolates
were cultured by spotting10ul on Congo red agar and incubated at 27C°for 6 days to assess the colony morphology,
each plate inoculated with 5 isolates.

Detection of pelA and psID : PCR amplification for pelAl, pelA2, and psID genes was performed using specific
primers designed in this study by (Alpha DNA/Canada), pelAl(forword:5'-ACCGAGGTGAGGAACGGATA-
3'reverse:5’ GGTGACCTGGATGACCAGTG-3)with  amplicon  size  (612bp), pelA2  (forword:5'-
CCACTGGTCATCCAGGTCAC-3, reverse:5'-GCCTGGAACAGCCAGGTAAT-3") amplicon size (722 bp) and psID
(forword:5'-CCGCATCAGCATGTTTCCAG-3'reverse:5’CTTGAACTCGCGCTGGTAGA-3) with amplicon size
(914bp). Optimization of PCR conditions were accomplished by gradient PCR (TechNet-5000 /USA)to determine the
accurate annealing and reaction conditions for these primers which were as following:Initial denaturation 95C°/5min,
followed by 30 cycles each cycle included: denaturation95C°/1min;annealing 61C°/45secand extension 72 Co /Imin,
and then final extension 72C°/10min.The Multiplex reaction mixture was prepared in a total volume of 25 pl , that
composed of 12.5ul of GoTaq®Green Master Mix (Promega/ USA) 1pl of each forward and reverse primer and 1.5pl
of nuclease- free water. Then 5l of prepared template DNA by boiling was added. PCR mixture without template DNA
was considered as the negative control. PCR amplicons were detected by gel electrophoresis.

Detection of the algD gene: Existence of algD gene was detected by PCR amplification using specific primers
and reaction conditions as described by Stover et al. (2000), (forword:5'-ATGCGAATCAGCATCTTTGGT-
3',reverse:5'- CTACCAGC AGATGCCCTCGGC-3'), with amplicon size (1310 bp). PCR mixture consisted of 12.5 pl
of GoTaq®Green Master Mix, 1ul of each forward and reverse primer, and 5.5ul of nuclease-free water, then Sul of
prepared template DNA was added to reach total volume 25 pl. Negative control was represented by PCR mixture
without template DNA. Gel electrophoresis analysis for PCR amplicons. PCR conditions were Initial denaturation
96C°/5min, followed by 35 cycles each cycle included: denaturation 95C°/1min; annealing 63.3C°/30secand extension
72Co/1min, and final extension 72C°/7min.

I11. RESULTS
Bacterial Isolates

The 63 clinical isolates of P.aeruginosa obtained during routine diagnostic assessment of patients with suspected
infection were collected primarily from Burn (n=37), Wound Swab (n=9),Fluids (n=4),Ear (n=4), Keratitis(n=3),
Urine(n=3), Catheters(n=2), and from Blood (n=1).

Antimicrobial Resistance

All isolates showed high susceptibility for Piperacillin+Tazocin 7.93% (n=5) in comparison to other antibiotics
used in this study, and high resistance to Cefotaxime 87.3% (n=55). The isolates were resistants to Carbenicillin
(52.38%, and exhibited the same resistance for Aztreonam and Imipenem (39.68%) (Figure.l).Resistance to
Gentamicin, Tobramycin, and Amikacin was confirmed in 69.84% (n=44), 74.6% (n=47), and 61.9% (n=39) of the
isolates respectively. Colistin 11.11 % (n=7). Whereas 55.55 % (n=35) and 57.14% (n=36) of the isolates exhibited
resistance to Ciprofloxacin and Levofloxacin respectively.
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Figure (3-3): Antibiotic resistance of P. aeruginosa isolates: GM = Gentamicin, TN = Tobramycin, AK=
Amikacin, CIP = Ciprofloxacin, LEV=Levofloxacin, CO = Colistin, PTZ= Piperacillin/Tazobactam, ATM= Aztreonam,

PY = Carbencillin, CTX = Cefotaxime, CAZ = Ceftazidime, IMI = Imipenem.

Pellicle Formation assay: The results showed the ability of P.aeruginosa isolates to form a thin layer pellicleat

the air-liquid interface of standing cultures.(Figure.2 A).

Wrinkled colony assay: Wrinkled colony assay for isolates on Congo red agar revealed that all isolates
phenotypically displayed partially wrinkled, mucoid and smooth colonies on Congo red agar. Some of them appeared

with orange colour. (Figure.2 B).

Detection of pelA and psID: Three burns isolates showed different fragments represented by B25 which showed
expected amplicons for pelAl, pelA2 and psID, when electrophoresed. Furthermore, isolate B22 revealed PCR products
for pelAl, and psID, whereas B35 isolate had pelAl only. Whereas 2 wounds isolatesW7 and W9, were carrying pelAl,

pelA2. All the 22 isolates were negative for both genes.(Figure.3).
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Figure (2).A): Genotype and colony morphology for P. aeruginosa isolates B25, B22, B35, W9, and B27. B):
Thin layer pellicle for the same isolates.
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Figure (3)Gel electrophoresis of P.aeruginosa burn isolates: B36:pelAl, pelA2 and psID genes. B22:
pelA1(612bp) and psID(914bp), B25: Multiplex for 3fragments, and B35: pelAl (612 bp). M.100bp ladder. Agarose gel
electrophoresis was performed using 1% agarose gel, and the run lasted for 50 min /100V.

Detection of algD gene:

Alginate production was investigated by algD gene detection in isolates by PCR, which showed that all burns
isolates carrying algD except 5 isolates gave negative results, as well as 1 wound, 1 catheter and lurine isolates. (Figure
4).

Figure (4): Gel electrophoresis of algD gene (1310bp). Lanes:1-3, isolates F2, F3, F4. M: 100bp ladder.
Agarose gel electrophoresis was performed using 1% agarose gel, and the run lasted for 50 min /100V.

IV. DISCUSSION

P.aeruginosa infections usually occur and/or with hospitalized immune-compromised patients. Many
infections such as burn, wound , blood and pneumonia can lead to severe illness and death in these people. However,
healthy people can also develop mild illnesses like generalized skin rashes and ear infections especially in children with
P.aeruginosa (CDC, 2018).In the present study total 63 MDR P.aeruginosa clinical isolates collected from several
hospitals as a result in the emergence of multiple drug-resistant P.aeruginosa which became a major challenge in the
treatment of corresponding infections.Clinically, drug resistance bacteria are responsible for increased cost,length of
hospital stay and mortality (Mansouriet al.,2013).In this study, isolates exhibited resistance for B-lactams in a varied
levels especially for third-generation cephalosprin's, and for imipenem, isolates revealed resistance to gentamicin,

119



The First International Scientific Conference of Health and Medical Specialties...... 15-16 April 2019
Kut Technical Institute/ Middle Technical Universty

tobramycin, ciprofloxacin, levofloxacin, and fewer resistance levels to colistin. The local study done by AL Saray
(2016) showed that 43.48% and 91.30% of isolates were resistant to ceftazidime and to both of cefotaxime and
imipenem respectively,carbencillin76.19%, for gentamycin 71.43% and tobramycin 47.62%, ciprofloxacin 74.62%,
while all isolates were sensitive to colistin. Nikokar et al. (2013) reported that 74.4% of isolates were resistant to
carbenicillin. Whereas Goudarzi and Eftekhar (2013) study showed that 94.7%of isolates were imipenem resistants.
Present results showed that all selected isolates produced smooth and mucoid colonies on congo red agar which agreed
with Amina & Ahmed (2017) who showed mucoid P.aeruginosa colonies seemed to be most adherent with smooth
appearance due to the alginate slime production. These colonies adsorb Congo red by the production of Congo-red-
binding component of the biofilm matrix (Colvin et al., 2013) .In PA14, the major exopolysaccharides produced is the
glucose-rich and cellulase-sensitive Pel. The Pel role in biofilm formation was first identified in a screen for pellicle
formation deficient mutants (i.e., biofilms formation at the air—liquid interface of standing cultures).Later, Pel was
shown to be important for initiating and maintaining cell—cell interactions in biofilms (Jenningset al., 2015).Among
P.aeruginosa isolates, only 5 isolates revealed different fragments of pelA1,2 and psID genes, The Pel polysaccharide
serves as an intercellular adhesin for the formation and maintenance of biofilms in P.aeruginosa (Colvin et al.,
2013).0therwise, Cohen et al. (2015) observed that deletions in psID abolished biofilm formation also referred to the c-
di-GMP regulatory role of expression of the genes for synthesis of the biofilm matrix, including extracellular
polysaccharides (pel and psl) and an adhesion. Either Pel or Psl can be used by non-mucoid strains as the primary
matrix structural polysaccharide, surface attachment for most isolates required Psl. Significantly, there was strain-to-
strain variability in the contribution of Pel and Psl to mature biofilm structure (Colvin et al., 2013). In the current study ,
72% of P.aeruginosa isolates were carrying the algD gene, These results supported previous results obtained from
phenotype detection, which showed mucoid, smooth and slime phenotypes of local isolates as a result of algD gene
prevalence among these isolates suggesting that biofilm formation process of these isolates depends on alginate or slime
production, which represents a significant virulence factor for some species as well as play an important role in the
pathogenesis of infections. Slimes are generally polysaccharide materials, also other polymers may also be present and
are probably involved in the microbial cells protection.So local isolates improve their pathogenicity by increasing their
ability to transition to chronicity by conversion to mucoidity as well as their antibiotic resistance mechanisms to evade
host immunity and antibiotic therapy.Alginate is the ESP that often and mainly produced by P.aeruginosa clinical
isolates from the CF patients lungs. This ESP overproduction is responsible for typical mucoid phenotype, which
protects P.aeruginosa from harsh environments in CF lungs (Dobrindt et al., 2013; Wei and Ma, 2013), and causes lung
lesions by facilitating bacterium adhesion to the respiratory epithelium providing an extracellular matrix in biofilms.
Therefore, biofilm protects the bacterium from the host’s immune response and from antibiotics, Longitudinal studies in
CF have demonstrated that initial pseudomonal colonization occurs by non-mucoid (wild-type) P.aeruginosa. mucA
mutations of P.aeruginosaare resulted from disease progression and adaptation to the lung environment, which confer
mucoid phenotype acquisition with overproduction of the ESP alginate (Marviget al., 2015; Powell et al., 2018).

V. CONCLUSION.

Depending algD, pelA, and psID results, and phenotype detection, in this study most of the local isolates are
mucoid as a result of incidence of algD gene among these isolates and high-frequency mutations of pel, and psl genes,
suggesting that biofilm formation process depends on alginate as essential ESP apart from Pel and Psl matrices.So local
isolates improve their pathogenicity by increasing their ability to transition to chronicity by conversion to mucoidity in
addition to their antibiotic resistance mechanisms to evade host immunity and antibiotic therapy.
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