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A B S T R A C T

Pseudomonas aeruginosa is a significant mortality factor due to nosocomial infections in humans. P. aeruginosa has
been known with severe infections, high incidence, and multiple drug resistance. The present study aims to
rapidly diagnose and biotype the isolates of P. aeruginosa isolated from human infections in Shiraz hospitals and
health centers. Ninety six different isolates were collected from skin, urine, sputum, blood, wound, central vein
blood, body fluids and burn wounds between January 2016 and February 2017. After phenotypic confirmation,
isolates were examined by PCR for molecular confirmation. Ninety three isolates were verified as P. aeruginosa in
molecular analysis. Enterobacterial Repetitive Intergenic Consensus (ERIC) PCR and Random Amplified Poly-
morphic DNA (RAPD) were done for 67 isolates. In ERIC-PCR, the patterns obtained included 2–11 bands. The
RAPD patterns obtained with primers 272 and 208 consisted of 3–11 and 1–12 bands respectively. Based on dice
similarity coefficient of greater than 80%, 38, 45 and 38 groups were identified in ERIC, RAPD 272 and RAPD 208
respectively. The results showed that the isolates of P. aeruginosa have a high polymorphism apparently because of
the high genetic variation.
1. Introduction

Pseudomonas aeruginosa is a ubiquitous, gram-negative, motile and
non-fermenting bacterium. This opportunistic bacterium belongs to the
family Pseudomonadaceae. P. aeruginosa is an opportunistic pathogen
causing several human infections via biofilm formation. It is known as a
common hospital-acquired pathogen and responsible for bacteremia,
dermatitis, respiratory, bone and joint, soft tissue, gastrointestinal in-
fections, urinary tract infections (UTIs), and a variety of generalized in-
fections [1, 2]. The susceptibility of P. aeruginosa to antimicrobial agents
has been limited. The agent is known as an emergence of antimicrobial
resistance, and is usually difficult to treat [3]. According to the reports,
mortality rate associated with P. aeruginosa can range from 18% to 61%
in hospital-acquired infections in Iran [1].

Typing strains of this bacterium is of particular importance specially
for antibiotic selection, detection of non-usual phenotypes, identification
of some specific characters of the isolates, and also identification of a
potential cluster in patients with single clone [4, 5]. Today, different
typing methods (e.g. serotyping, biotyping, and pyocin typing) have been
aghkhah@yahoo.com (M. Haghk
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suggested to identify common P. aeruginosa clones [6]. Nevertheless, the
equitable power and constancy are lower in the molecular typing sys-
tems. We can use molecular typing techniques to identify transmission
routes and control cross-infections in human societies. Various
gene-typing methods including enterobacterial repetitive intergenic
consensus polymerase chain reaction (ERIC-PCR), random amplification
of polymorphic DNA (RAPD), pulsed field gel electrophoresis (PFGE) and
multilocus sequence typing (MLST) have been utilized to study the
epidemiology of P. aeruginosa [4, 5, 7, 8]. The use of PFGE and MLST
methods despite the high reproducibility and good discriminatory power
are limited because of technical complexity, cost, and long turnaround
times for results [6].

Repetitive extragenic palindromic PCR (rep-PCR) is one of the most
widely used, that uses primers targeting highly conserved repetitive
sequence elements known as ERIC sequences common to Gram-negative
enteric bacteria [9]. In several studies ERIC-PCR was a better choice
among other PCR-basedmethods for the subtyping of P. aeruginosa isolates
[4, 10]. ERIC-PCRmakes it possible to clearly distinguish betweendifferent
bacterial species and strains which contain these repetitive elements [11].
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Primer is single and short in RAPD method, and specific sequence is
not followed. The primer finds its complementary on the target DNA
[12]. RAPD and ERIC-PCR have high levels of reproducibility, low
complexity, low expense and exhibit swift result turnaround times.

The purpose of this study was rapid diagnosis and biotyping of iso-
lates of P. aeruginosa. In this study, ERIC-PCR and RAPD were compared
using isolates obtained from human infections in hospitals and health
centers in Shiraz (Iran). The results of this study will probably guide
researchers to select the suitable typing method for epidemiological
purposes.

2. Materials and methods

2.1. Sample collection

In a prospective study, 96 bacterial isolates of P. aeruginosa were
collected between January 2016 and February 2017. Isolates were
collected from patients attending medical care services in hospitals and
health centers in Shiraz (Iran). Ten isolates were from skin, 25 from
urine, 21 from sputum, 11 from blood, 13 from wounds, 2 from central
vein blood, 8 from body fluids and 6 from burn wounds. P. aeruginosa
isolates were recognized based on the morphological, microscopic, and
biochemical tests. All strains were stored at –70 �C in 10% glycerol (v/v)
until use. This study was approved by the Ethical and Research Com-
mittee (95GCU5M1304) of the School of Veterinary Medicine, Shiraz
University, Iran. Informed consent was obtained from all patients.

2.2. DNA extraction and PCR confirmation

All chemicals were purchased from Cinnagen (Iran). Simple boiling
method was selected for DNA extraction from colonies of all isolates as
described elsewhere [13]. In summary, a few colonies were dissolved in
sterile distilled water and placed in dry bath at 95 �C for 15 minutes.
Then the isolates were placed at -20 �C for 10 minutes and then centri-
fuged at 13000 rpm for 10 min. The supernatant was used as template.
The extracted DNA was kept at -20 �C until use. The bacteria were
verified via the PCR method for 16S rRNA gene of the P. aeruginosa [13].
The targeted DNA was amplified in 25 μl reaction volumes, each con-
taining 1 μL of each primer (F: 50-GGGGGATCTTCGGACCTCA-30 and R:
50-TCCTTAGAGTGCCCACCCG-30), 2.5 μL 10x PCR buffer, 1 μL of MgCl2,
1 μL of deoxyribonucleoside triphosphates, 0.2 μL Taq DNA polymerase,
3 μL template DNA and adjusted to 25 μl by the addition of
high-performance liquid chromatography-grade H2O.The following
protocol was used for DNA amplification: initial denaturation (94 �C for 2
min), followed by 25 cycles of denaturation (94 �C for 20 s), annealing
(58 �C for 20 s) and extension (72 �C for 40 s), with a single final
extension of 1 min at 72 �C [13]. P. aeruginosa ATCC 27853 was our
positive control.

2.3. ERIC-PCR

Two primers, ERIC1 (50-ATGTAAGCTCCTGGGGATTCAC-30) and
ERIC2 (50-AAGTAAGTACTGGGGTGAGCG-30) were applied in PCR ex-
periments [14]. Final volume of PCR mixture was 25 μl. The components
of the mixture were as follows: 2.5 μl of 10x PCR buffer, 1 μl MgCl2, 1 μl
dNTPmix, 1 μl of each primer, 0.2 μl of Taq DNA polymerase and 50 ng of
template DNA. Cycling conditions for ERIC-PCR are as follows: 4 min at
94 �C, and then 35 cycles of PCR consisting denaturation at 94 �C for
1min, annealing at 52 �C for 1 min, and extension at 72 �C for 4 min and a
final extension at 72 �C for 16 min [14]. P. aeruginosa ATCC 27853 was
our positive control.

2.4. RAPD

After the extraction, genomic DNA was amplified using RAPD in
accordance with the modified method of Halfiane and Ravaoarinoro [5]
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and Tosin, et al [15]. via arbitrary sequences 272 (50-AGCGGGCCAA-30)
and 208 (50-ACGGCCGACC-30). PCR was performed in a volume of 25 μl
under optimal conditions and contained 2.5 μl of 10x PCR buffer, 1.5 μl
MgCl2, 0.75 μl dNTP mix, 2 μl of primer, 0.2 μl of Taq DNA polymerase
and 50 ng of template DNA. Cycling conditions for RAPDwere as follows:
2 min at 94 �C, and then 35 cycles of PCR consisting of denaturation at 94
�C for 30 s, annealing at 35 �C for 30 s, extension at 72 �C for 2 min and a
final extension at 72 �C for 10 min [5, 15]. P. aeruginosa ATCC 27853 was
our positive control.
2.5. Analyses and dendrogram construction

The amplified products of ERIC-PCR and RAPD were exposed to
electrophoresis on 1.5% agarose gel with Sybr Green and analyzed under
UV light in a gel documentation system (Proteinsimp, USA). DNA
banding patterns of images were entered into a database in BioNumerics
7.1 software (Applied Maths, Sint-Martens-Latem, Belgium). The inter-
pretation and comparison of the patterns were carried out according to
previous research [16]. The similarity index was calculated via the Dice
coefficient and the unweighted pair group average (UPGMA) for cluster
analyses. Related clones were classified as the same type when the
banding pattern similarity was 80% or higher.

3. Results

This study used PCR-based techniques to examine 96 isolates previ-
ously characterized phenotypically as P. aeruginosa. According to PCR
confirmation, 93 (96.87%) strains were positive for P. aeruginosa. Of
these 67 isolates with P. aeruginosa ATCC 27853 (as positive control)
were examined by ERIC and RAPD. According to the ERIC amplification
of P. aeruginosa isolates, all isolates showed amplification bands ranging
in number from 2 to 11, with the length of 150 bp to �1500 bp. Genetic
analysis of P. aeruginosa strains based on � 80% showed 38 divergent
ERIC fingerprints, 22 of which contained only one strain. Twenty three of
the isolates had 100% similarity with at least one isolate (Figure 1; See
Figure S1 for uncropped image).

The amplification bands of the results of all RAPD experiments were
in the range of 3–11 in number. with the length of 200 bp to �1500 bp.
With primer 208, amplification of P. aeruginosa isolates revealed bands
ranging from 1 to 12, with lengths of 100 bp to �1500 bp. Different
genotypes were demonstrated with the use of primers 272 and 208 in
RAPD fingerprints. RAPD 272 and 208 dendrograms of clinical
P. aeruginosa isolates showed 45 and 38 different clusters respectively.
Although the majority of isolates had a unique fingerprint, 11 and 18
isolates had 100% similarity with at least one isolate, based on RAPD 272
and 208 respectively (Figures 2 and 3; See Figures S2A-S2C, and S3A-S3D
for uncropped images).

4. Discussion

Biotyping P. aeruginosa strains based on mucoid strains, hemolysis
production or associated with loss of pigmentation made it possible to
classify several biotypes. Biotyping did not demonstrate any significant
correlation between the biotypes. It seems that the method has limited
ability and poor discriminatory power for differentiation between the
isolates. Genotyping P. aeruginosa strains made it possible to show the
restrictions of each phenotyping method. The RAPD method used 10-
base primers, of high guanine-cytosine content (60–70%) [17]. Hafiane
et al. showed that RAPD with primers 272 and 208 were able to type
P. aeruginosa strains successfully [5].

In this study, all 67 isolates were typed by RAPD and ERIC PCR.
Although both ERIC-PCR and RAPD analyses have been explained as
equally effective in characterizing clinical isolates of P. aeruginosa, our
study found that RAPD was more discriminatory than ERIC-PCR. RAPD
with primer 272 was able to distinguish isolates that were not



Figure 1. Dendrogram of Pseudomonas aeruginosa isolates based on ERIC-PCR (see Figure S1 for uncropped image). The genetic distance between the isolates has been
shown by the scale at the top. The scale indicates the percentage of genetic similarity. Columns (left to right) indicate list of isolates, isolates number and ERIC-
PCR types.
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differentiated by ERIC. So that, RAPD is probably a better PCR-based
method for the subtyping of P. aeruginosa isolates.

Based on dice similarity coefficient of greater than 80%, 38, 45 and
38 groups were identified in ERIC, RAPD 272 and RAPD 208 respec-
tively. Different distribution of genotypes has been shown in several
studies in Iran. For example, Salimi et al. had 29 isolates with 8 different
3

groups via RAPD typing [18]. Nanvazadeh et al. observed 9 groups
among 50 clinical isolates of P. aeruginosa [19]. Also Vaez et al. observed
39 different groups from 54 clinical isolates [20].

The isolates in our study showed considerable genetic diversity. This
may be due to the different sources of P. aeruginosa that can lead to host
colonization. In this study 23, 11 and 18 of the isolates had 100%



Figure 2. Dendrogram of Pseudomonas aeruginosa based on RAPD 272 (See Figures S2A-S2C for uncropped images). The genetic distance between the isolates has
been shown by the scale at the top. The scale indicates the percentage of genetic similarity. Columns (left to right) indicate list of isolates, isolates number and RAPD
272 types.
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Figure 3. Dendrogram of Pseudomonas aeruginosa based on RAPD 208 (See Figures S3A-S3D for uncropped images). The genetic distance between the isolates has
been shown by the scale at the top. The scale indicates the percentage of genetic similarity. Columns (left to right) indicate list of isolates, isolates number and RAPD
208 types.
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similarity (based on ERIC, RAPD 272 and 208 respectively), forming 7,
5 and 7 real clones. This similarity shows that hospital environments
have common sources of infections, although the virulence and isolation
source may be different. P. aeruginosa can spread clonal strains from one
patient to another in hospitals. In conclusion, our results could help us
to get distinct patterns of bands from ERIC and RAPD methods. Both
methods characterized the isolates effectively. However, it should be
5

noticed that the RAPD method especially with primer 272 could
differentiate the isolates were detected as non-differentiable by ERIC
method.

However, next generation of sequencing allows the high through put
typing of the complete genome of the bacterium. This would of course
provide the ultimate resolution of typing. Nevertheless, this might not be
available/feasible under many conditions.
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