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Abstract
This research aims to assess the similarities and variances between MDR Pseudomonas aeruginosa clinical 
isolates from different infections using MLST molecular typing technique in Baquba city. One hundred-
eighty clinical samples were collected from urinary tract, wounds and burns infections, included (110) 
urine, (50) wounds and (20) burns. Twenty isolates (11.11%) of Pseudomonas aeruginosa were diagnosed 
based on microscopic, morphological, biochemical tests and confirmed by VITEK-2 system. Antibiotic 
susceptibility test for the twenty isolates was performed against six antibiotics using disk diffusion method, 
the results showed (100%) resistance for Cephalothin, Ceftazdim (60%), Colistin (35%), Amikacin (25%), 
Ciprofloxacin (20%), while (0%) resistance for Imipenem. The results also showed that 16 (80%) of isolates 
were produced extended spectrum beta-lactamase (ESβL) and did not show their production for Metallo-
beta-lactamase (MβLs). Biofilm was detected by Micro-Titer Plate method and the result showed that all the 
isolates (100%) were biofilm producers. Multi-locus sequence typing (MLST) was used because broadness 
and ease of access of MLST database. Seven housekeeping genes (acsA, aroE, guaA, mutL, nuoD, ppsA, 
andtrpE) were sequenced and the results were compared with MLST database and allele profile for each 
isolate was used to determine sequence types (STs).New Iraqi bacterial strain has been identified and 
recorded in database of MLST (PubMLST) under the name (AS-85U).
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Introduction
Pseudomonas aeruginosa is known as an 

opportunistic pathogen with a range of virulence 
factors in humans including biofilms formation, toxins 
that causing broadtissue damage hence, accessto 
bloodstream and spreading to body tissue, as a role of 
colonization, invasion and persistence in human host(1). 
P. aerugenosa represents a phenomenon of resistance 
to many antibiotics creatinghard to treatinfections. This 
bacteria has natural resistance such as chromosomal 
expression, changing outer membrane permeability (2), 

and have many groups of efflux pumps(3). In addition 
to production of many enzymes able to antibiotics lysis 
especially β-lactams such as Metallo β-Lactamases 
(MβLs), Extended spectrum β -Lactamases (ESβLs) and 
Ampler molecular class (AMPC)(4).

Due to its ability to develop multidrug resistance 
(MDR), extensively drug resistant (XDR), and pandrug-
resistant (PDR) P. aeruginosa has gradually become a 
prevalent in nosocomial infections(5). The plasticity and 
complexity of the large P. aeruginosa genome (6.3Mbp) 
reveals the evolutionary adaptations conversed to this 
species(6). It comprises conserved core genome with 
strain definiteregions that permit strains to gain or shed 
genomic fragments for improvement of survival traits in 
a wide range of environment(7).

In order to distinguish between the isolates and 
clonal groups of P. aeruginosa, some molecular typing 
schemes have been described(8). Multilocus sequence 
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typing (MLST) is an alternative method for molecular 
typing which is a global and accuratestrain-typing system 
that concentrates entirely on conserved housekeeping 
genes and the combination of each allele(9). This is 
aim to define the sequence type (ST) for each isolate 
and provide information in the relatedness of bacterial 
isolates at the core genome level. MLST scheme has 
been first advanced for P. aeruginosa by Curran et al.(10) 
and had the most analytical value (100%) in labeling 
strains as unique(11). The standardization of MLST has 
given increase to databases which allow comparative 
analysis of allele sequences and documentation of 
distinctive sequence types (12).

Materials and Method
Isolates activation: All the twenty P. aeruginosa’s 

isolates from different infection sources have been 
activated, and diagnosed depending on morphological, 
biochemical tests, and confirmed by VITEK-2 system.

Antimicrobial susceptibility testing: Antimicrobial 
susceptibility test was performed using (Kirby-Bauer 
standard disk diffusion method) on MuellerHinton agar 
plates against six antibiotics according to Franklin et al. 
(13) based on CLSI (14).

Biofilm detection

The Micro Titer Plate method (MTP) was used as 
following:

P. aeruginosa isolates were cultured on nutrient 
broth for 18- 24 hr at 37°C aerobically. After incubation 
2-4 colonies were picked up and cultured in nutrient 
broth until the turbidity equivalent to 0.5 McFarland 
(1.5×108 CFU/ml). 200 µL of the bacterial suspensions 
were transferred into polystyrene micro-titer plates 
containing 96 flat-bottom wells and a broth without 
bacterial inoculum was used as the negative control. The 
plate was sealed and incubated for 24 hr. The bacterial 
suspensions then removed, and each well was washed 
three times with sterile saline solution (0.9% NaCl). 
Next, the cells stuck on the walls were fixed with 200 
μL of methanol for 10-15 minutes. The methanol was 
removed, the plates were left at room temperature to dry 
and they were stained with 200 μL of crystal violet 0.5% 
for 10-15 minutes. The plates then washed with distilled 
water 2-3 times and dried at room temperature(15). The 
absorbency were taken in an ELISA reader at wavelength 
of 630 nm, according to Tang et al(16). The value of the 
optical densities for each isolate (ODi) was obtained by 

averaging the three wells, and this value was compared 
to the optical density of the negative control (ODc). The 
isolates were classified into four categories, according to 
the mean optical densities (ODi) in relation to the ODc 
results.

If ODi ≤ ODc; considered non-adherent, 
ODc≤ODi≤2*ODc; considered moderately adherent and 
if 2*ODc≤ODi which considered strongly adherent.

The formation degree of biofilm production = 
Optical density of tested isolates - Optical density of 
control.

Production of ESβLs detection: ESBL production 
in P. aeruginosa was identified by the double disk 
synergy test (DDST) as described by Jarlieret al(17).

Mueller–Hinton agar plates were streaked with 
inoculum (equivalent to 0.5 McFarland) using a sterile 
cotton swab. An Augmentin (20 μg amoxicillin and 
10 μg of clavulanic acid) disk placed in the center 
of the plate and, ceftazidime (30 μg), aztreonam 
(30 μg) ciprofloxacin (30 μg) were placed 15 mm 
separatelycenter to center on the plates with a sterile 
forceps(18). The plates were then incubated for 18-24 hr 
at 35-37°C. An enhanced inhibitionzones from 5 mm 
or more in the presence of Augmentin is suggested as 
positive result for the production of ESBL enzyme (19).

Molecular typing

Selection of loci for MLST: The seven housekeeping 
genes for P.aeruginosa were chosen according to MLST 
scheme firstly designed by Curran et al(10) based on their 
biological function (mismatch repair, DNA replication 
and amino acid biosynthesis), size, location (a minimum 
of 6 kbp upstream or downstream from known virulence 
factors, lysogenic phage, or insertion sequence 
elements), and suitability for nested primer design and 
sequence diversity (12).

DNA extraction: Genomic DNA was extracted 
according to the protocol of ABIOpureTM Total 
DNAExtraction kit/USA.

PCR primer for MLST: MLST was performed 
on four selected isolates out of twenty in order to 
investigate which sequence types of P.aeruginosa were 
present in Baquba city. The PCR primers described by 
Curran et al(10) were used and prepared according to 
the manufacturer’s instructions installed in the working 
method of equipped company (Macrogen, Korea) to 
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become a primer in the final concentration 100 pmol/μl. 
Primers for the housekeeping genes used in the MLST 
scheme were mentioned in table (1).

Amplification of loci: All extracted DNA from 
the four isolates went through PCR procedure in order 
to target the seven genes under study. Each reaction 
components contained 2 ng/µl chromosomal DNA, 1µl 

forward primer (10 µM), 1µl reverse primer (10 µM), 
12.5µl master mix (2x) and 8.5µl nuclease free H2O. The 
reaction conditions were: initial denaturation at 95ºC for 
5 min, denaturation at 95ºC for 30 sec, primer annealing 
at 55ºCfor 30sec, extension at 72ºC for 1 min and the 
final extension at 72ºC for 7 min. the amplification 
product was purified before sequencing process.

Table (1): Sequences and primers sizes for the seven housekeeping genes

Gene Sequences Ref. Size bp

acsA
F 5`-ACCTGGTGTACGCCTCGCTGAC-3`

Ps
eu
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ST
 d

at
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842
R 5`-GACATAGATGCCCTGCCCCTTGAT-3`

aroE
F 5`-TGGGGCTATGACTGGAAACC-3`

1053
R 5`-TAACCCGGTTTTGTGATTCCTACA-3`

guaA
F 5`-CGGCCTCGACGTGTGGATGA-3`

940
R 5`-GAACGCCTGGCTGGTCTTGTGGTA-3`

mutL
F 5`-CCAGATCGCCGCCGGTGAGGTG-3`

940
R 5`-CAGGGTGCCATAGAGGAAGTC-3`

nuoD
F 5`-ACCGCCACCCGTACTG-3`

≈1050
R 5`-TCTCGCCCATCTTGACCA-3`

ppsA
F 5`-GGTCGCTCGGTCAAGGTAGTGG-3`

989
R 5`-GGGTTCTCTTCTTCCGGCTCGTAG-3`

trpE
F 5`-GCGGCCCAGGGTCGTGAG-3`

811
R 5`-CCCGGCGCTTGTTGATGGTT-3`

Sequencing and blasting;: Sequencing was 
performed for all 7 genes of the 4 isolates. PCR product 
were sent for Sanger sequencing using ABI3730XL, 
automated DNA sequencers, by Macrogen Corporation 
– Korea. The results were received by email then 
analyzed using genius software. To get an allelic profile, 
the results were blasted in the Pseudomonas aeruginosa 
MLST Database (http://pubmlst.org/paeruginosa), 
and then the database was used to search for the STs 
defined by those specific allelic profiles. The sequences 
were confirmed through individual BLAST searches 
to determine their correspondence with previously 
sequenced P. aeruginosa genomes. Then the full aligned 
sequences were saved in FASTA format.

Allele and sequence type assignment: Based upon 
the allele numbering system in the P. aeruginosa MLST 
database, an allele number was appointedfor every gene 
in each isolate. Alleles that differed by even a one base 
pair from those present in the database were denominated 

as “new.” Each distinct combination of seven numbers 
(denotingthe seven alleles) was assigned a number 
denoting its sequence type (ST) according to the MLST 
database. Combinations not present in the database were 
considered “new” STs.

Results
Antibiotics sensitivity test: Isolates under study 

showed 100% resistance for Cephalothin (KF), this result 
agree with Hameed (20) which was 100% resistance. 
Ceftazidime (CAZ) showed 60%resistance which is 
similar to Kaur and Singh (21) finding. The resistance 
to Amikacin (AK) and Ciprofloxacin (CP) was 25% 
and 20% respectively, this result agree with Fattma et 
al (22)25% and 35% respectively while Colistin showed 
35% resistance. Finally, the resistance to Impinem was 
0% (100% sensitive) and this result is consistence with 
Hameed (20) finding which was 0%, table (3).
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Table (2): Number and percentages for sensitivity and resistance isolates

Antibiotics
Isolates number (%)

Sensitive Intermediate Resistance

IMP 20 (100) 0 (0) 0 (0)

Co 13 (65) 0 (0) 7 (35)

CAZ 8 (40) 0 (0) 12 (60)

AK 15 (75) 0 (0) 5(25)

KF 0 (0) 0 (0) 20 (100)

CP 14 (70) 2 (10) 4 (20)

Biofilm production: The results showed that all 
the isolates included in the study had the properties of 
biofilms formation and the absorbency value was ranged 
from (0.186 – 0.21) and 25% of isolates were strongly 
biofilm forming this agree with Hameed(20) finding 
which was 25%, 75% for moderately biofilm forming.

Extended Spectrum β- Lactamase Enzyme 
(ESβLs): The results showed that 16 (80%) of isolates 
under study were ESβLs producer and 4 (20%) non-
producing. This result is nearly to Hyford(23) result 
which was 88% of clinical isolates were producing these 
enzymes.

Multi locus Sequence Typing (MLST) and allelic 
profile: Allele profiles and STs can be found at (http://
pubmlst.org/paeruginosa). By comparing the sequence 
and combination of genes the clonal relationship 
between isolates can be assessed(10). It has been reported 
that isolates with the same sequence types (ST) can 
be considered as members of the same clone, and P. 
aeruginosa isolates that share at least five of the seven 
numbers within their allelic profile were regarded as 
members of the same clonal complex(24) table (3).

Table (3): MLST allelic profile and strain type for P.aeruginosa isolates

Isolates 
number

Allelic type
STs

acsA aroE guaA mutL nuoD ppsA trpE

5 38 11 3 13 1 2 4 235

7 11 20 1 65 4 4 273 New

9 16 4 11 3 2 4 1 2547

10 38 11 3 13 1 2 4 235

*In MLST database any allele not contained within database was designated as “new”

Nucleotides Sequencing of MLST: In an effort to 
compare MLST genes heterogenicity, polymerase chain 
reaction products of seven genes for P. aeruginosa 
isolates were sent for determining the nucleotide 
sequence. Sequencing was determined by an automatic 
sequencer. DNA sequences were analyzed and similarity 
were accomplished among genes of local P. aeruginosa 
and standard strains with Basic Local Alignment Search 
Tool (BLAST) in National Center for Biotechnology 
Information (NCBI). A subsequent BLAST search 

showed a 99-100% match to P.aeruginosa genomes 
present in GenBank for acsA sequences of these isolates, 
which confirmed their identity as P.aeruginosa.

New bacterial strain identification: One bacterial 
isolate (P7) was identified as global new Iraqi strain for 
differences in some nucleotide position. This new strain 
AS-85U was published in the MLST database https://
pubmlst.org/paeruginosa/
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Conclusions
Pseudomonas aeruginosa has several genetic 

elements that support their pathogenicity (virulence and 
antibiotics resistance) and the resistance of Pseudomonas 
aeruginosa to most antibiotics in the study indicating a 
correlation between multidrug resistance to antibiotics 
and the production of (ESβLs) enzymes and biofilm 
formation. Molecular techniquesprovidea sensitive and 
rapid analytical tools for identification, sequencing 
and increases the excellence of epidemiological 
investigations. The newly-developed MLST method for 
multi locus typing of P.aeruginosasuggests an accurate 
diagnosis of the bacteria and detection of the source of 
infections and treatment.
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