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ABSTRACT
BACKGROUND AND OBJECTIVE: Pseudomonas aeruginosa is considered as one of the important causes of
urinary infections in hospitals. The aim of the current study is the genetic typing for the number of bacterial strains
isolated from patients using MLVA technique.
METHODS: In this study, 70 isolates were collected from different hospitals located in Tehran city. First, DNA
extraction was conducted for genotyping analysis by MLVA method. Subsequently, VNTR sequences located in
several genes of bacterial genomes such as MS-214, MS-215, MS-217, MS-222, MS-223, MS-142 and MS-173 were
amplified by specific primers using PCR technique. After confirming the PCR amplification using electrophoresis and
visualization of their bonds on agarose gel, relationship evolutionary graph for the different strains was constructed
based on MLVA technique.
FINDINGS: After the electrophoresis of PCR products and determination of VNTR copy-numbers, 70 strains were
classified as 39 types and genetic evolutionary tree was also constructed based on VNTRs Data. According to the MST
algorithm, 70 clinical strains divided into 11 clonal complexes which these criteria is interpreted as genetic distance
based on the difference of VNTR copy numbers for each group.
CONCLUSION: The present study showed that MLV A could be helpful for typing clinical strains of P. aeruginosa.
The results also showed that this method had great potential to differentiate those strains with high phenotypic
similarity.
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Introduction

Pseudomonas is one of the bacterial species that
has a high metabolic ability. This bacterium includes
various species, both non-pathogenic and pathogenic.
This bacterium is also found throughout the hospital
environment in wet tanks such as foods, picked
flowers, dishwashers, toilets, floor washer, respiratory
equipment, and even disinfectant solutions (1, 2).
Today, this bacterium is one of the bacteria that cause
the spread of nosocomial infections, especially urinary
tract infections. Pseudomonas aeruginosa is the most
common type of pseudomonas which causes many
problems in hospitals (3, 4).

Pseudomonas (gram-negative basil) is sometimes
bent and in most cases is right bar. This bacterium is
capable of moving due to the presence of polar
flagella. In relation to pathogenesis or pathogenicity,
Pseudomonas have a wide range of invasive
mechanisms, including organism components, toxins,
and enzymes that play an important role in the
pathogenesis of microorganisms. Pseudomonas is
resistant to most antibiotics. Even in sensitive
microorganisms, resistance can spread through a
therapeutic period by inducing antibiotic inactivating
enzymes (such as [-lactamases) or transferring
resistance-mediated plasmid from a resistant organism
to sensitive one (5).

Based on the principles of microbiology, urinary
tract infection occurs when pathogenic
microorganisms are found in the urine or the urethra or
kidney or prostate. Generally, a wide range of
microorganisms can cause urinary tract infection. But
the most common agents are gram negative bacteria
such as Escherichia coli, Pseudomonas, Klebsiella and
Serratia (6). Recently, methods have been developed
based on molecular techniques to typing the disease
causative microorganisms.

Among these methods, those which based on the
use of restriction enzymes can be mentioned such as
PFGE, AFLP, RFLP and Southern sputtering methods.
These methods, in addition to their great benefits, each
have their own problems. For example, the PFGE
technique requires a lot of skill, special equipment,
expensive endonuclease, and much time should be
spent doing the technique (7).

The AFLP technique is very time consuming and
costly due to the stage of adding the adapter (8). One
of the simple, fast, affordable, and reliable techniques
for the characterization of microorganisms is the
MLVA technique. This MLVA technique has been
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developed to typing bacteria such as Salmonella,
Listeria monocytogenes and Escherichia coli (9). The
basis of the MLVA technique is the identification of
the variable number tandem repeat (VNTRS) in
specific locuses on the genome of microorganisms
(10). In the MLVA technique after selecting the
desired locus and designing the primer for them, and
extracting the desired strains DNA, the proliferation of
the sequences containing the VNTR is performed by
PCR.

The product obtained from PCR is sequenced and
the number of replicates is calculated. Given that in the
genome of the creatures there is a series of sequential
repetitive sequences called VNTRs, which structurally
and base containing are similar. The only difference in
the different types is the number of tandem repeats
froma VNTR (11).

In the Pseudomonas genus, repeated sequences
have been identified, which in this study several of
them were MS-213, MS-214, MS-215, MS-217, MS-
222, MS-223, MS-142 and MS-173 that can be used to
typing strains. These sequences, which have different
replications in different strains of Pseudomonas
aeruginosa, are an appropriate means for categorizing
Pseudomonas aeruginosa subspecies from different
patients or from different locations.

Considering that the typing of pathogenic strains of
the hospital can provide very useful information for
designing an effective therapeutic approach to
physicians and medical staff, this study was conducted
with the aim of reaching a clear and reliable pattern.
Therefore, in this study, the Pseudomonas aeruginosa
bacterial strains isolated from urine specimens of
patients with urinary tract infection, based on
sequential tandem repeats were investigated by MLVA
technique.

Methods

Sample collection: In this study, urine specimens were
collected from patients in different units such as
emergency department, ICU, CCU, women, men,
children and outpatients. After transferring the
specimens to the laboratory, all of them were cultured
on a Norint Agar culture medium. These specimens
were examined for isolation of Pseudomonas
aeruginosa strains in the next step. After confirming
the samples containing Pseudomonas aeruginosa
strains by common methods and with specific
laboratory kits, pure cultures were prepared on nutrient
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agar culture medium and were kept in the refrigerator
for a while until the experimental stages.

DNA extraction: DNA was extracted using the G-spin
Genomic DNA Extraction Kit (Germany, Roche).
First, the bacteria cultured in the nutrient broth and
after 24 hours of incubating at 35 °C, 1 ml of bacterial
culture was removed and sterilized in vials and were
centrifuged at 8000 rpm for 15 minutes. Then the
supernatant was discarded, and then 50 pl of the pre-
buffer solution and 3 pl of lysozyme were added to the
cellular  deposition and incubated at 37°C.
Subsequently, 250 ul of buffer G solution and 250 pl
of the binding buffer were added and each time mixed
well.

In the next step, the broken cell product was loaded
onto the columns and was carried out for 13 minutes
with 13000 rpm centrifuges. After washing the
column, 100 pl of the buffer elution buffer was poured
directly onto the membrane of the column. The
resulting solution was centrifuged at 13000 rpm for 1
minute. The extracted DNA was kept in a refrigerator

for electrophoresis and amplification by PCR, after
being determined by a spectrophotometer (Merck,
Germany).

DNA amplification by PCR method: After genomic
DNA extraction, the amplification of the genes and
sequences by their specific primers (Table 1) was
performed by PCR method. These primers were
extracted and used from studies conducted by other
researchers (13, 12).

For this purpose, MgCI2, dNTp and buffer of this
reaction were prepared as master mix from Sina Clone
Company of Iran. A mixture of this reaction,
consisting of 7 pL. PCR Master mix, 0.5 pl Primer
Forward, 0.5 pl Primer Reverse, 16 pul ddH20 and 1
puL Template DNA, was prepared using a 40-cycle
thermal cycling consisting of a first denaturation step
at 95 °C for 10 minutes, then the denaturation cycle at
94 °C for 30 seconds, the annealing step at 60°C for 30
seconds, the extension stage at 72°C for 30 seconds,
and at Finally, a Final Extension was at 72°C for 5
minutes (12).

Tablel. Primer sequence used for genes and repeat regions of the gene for amplification by PCR method (12)

Gene Primer (bp) Size

F-TGGCGTACTCCGAGCTGATG

MS-213
R-CTGGGCAAGTGTTGGTGGATC
MS-214 F-CCATCATCCTCCTACTGGGTT
R-AAACGCTGTTCGCCAACCTCTA
MS-215 F-CTGTACAACGCCGAGCCGTA
R-GACGAAACCCGTCGCGAACA
F-GAACAGCGTCTTTTCCTCGC
MS-217

R-TTCTGGCTGTCGCGACTGAT

Electrophoresis: Electrophoresis was performed on an
agarose gel with 1% concentration to confirm the PCR
product. For this purpose, 1% agarose gel was
prepared in buffer (x 0.5) TBE, and after heating and
cooling, 5 ml of Ethidium bromide solution (Qiagen,
USA) was added and poured into the mold. To load the
gel, 5 pl of the PCR product with 1 pl of dye loading
was mixed and was poured into special wells. The size
marker of 100 bp plus was used to determine the size
of the PCR product. In the next step, the
electrophoresis voltage was adjusted to 80 and, after
completion of the electrophoresis; the gels were placed
on the Gel Documentation UV (Upland, USA) and
photographed.

Draw an evolutionary link diagram and determine
the strain type: To draw the evolution chart, the data
is entered into the software available at http: //mlva.u-

Gene Primer Size(bp)
F-TGCAGTTCTGCGAGGAAGGCG
MS-222 101
R-AGAGGTGCTTAACGACGGAT
F-TGAGCTGATCGCCTACTGG
MS-223 106
R-TTGGCAATATGCCGGTTCGC
F-GTGGGGCGAAGGAGTGAG
MS-142 115
R-AGCAGTGCCAGTTGATGTTG
F-CTGCAGTTCGCGCAAGTC

MS-173 243
R-ATTTCAGCCAGCGTTACCAA

psud. fr/mlvav4/genotyping, and the resulting
dendrogram for typing the isolates based on the
stratified coefficient and the UPGMA algorithm. For
this purpose, strains with 80% or more than 80% of the
same repeat count (based on the difference in 2 loci
VNTR (DLV)) were placed in one strain and other
strains were placed in different strains.

Results

Isolation of strains: Among 70 strains isolated from
patients with UTI, 44 isolates (63%) were from female
patients and 19 were from male patients (27%).
Among 70 isolates, 37 strains were from the ICU
(52.9%), 3 strains were from the CCU (4.3%), 3 strains
were from the men's (4.3%), 4 strains were from the
women's department (7.7%), 5%), 3 strains were from
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the emergency department (4.3%), 4 strains were from
the pediatrics (5.7%) and 16 strains were (22.8%) from
outpatients referring to the laboratories (Table 2).
Strain Typing: After amplification of the genes by
PCR, electrophoresis on the agarose gel was performed
for the products of each of the 8 genes (Fig. 1). The
bonds produced on the gels representing the size of
each of the sequences were analyzed by Gene Tools
software by comparison with the 100 bp size marker
(ZR 100 bp DNA Marker ™).

Table 2. Frequency of isolated bacteria from
different parts of hospitals
Origin of Number
isolation of isolates

Percentage isolate
from total

CHILDREN 4 5.7

4
L T

Ms-239 MS214 MS-23% MS-217

M5-222 W5 223 5142 MS1T

Figure 1. Gel electrophoresis obtained from the PCR
product of genes used for strain analysis and typing

After sequencing and examining the frequency of
repetitions in 70 strains, 39 types were obtained. Of
these types, the highest number belonged to type 1
with 10 strains. After that, types 2 and 6 each included
5 strains. In the sequel, types 3 and 4 included 3 strains
and 7 to 14 types included 2 strains. Finally, there were
other types that included only one strain (Table 3).
Figure 2 shows the genetic evolution tree of 70
isolated strains, which drawn by UPGMA software. In
this phylogeny tree, the relationship between different
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strains was based on the similarity in their repetitions
in a branch. The length of each branch also shows the
difference in the number of repetitions in different
branches (14).

Figure 3 shows the MST (Minimum spanning tree)
pattern derived from the MLVA analysis for the
desired strains. In this figure, 70 strains classified into
39 types are presented as a clone based on the number
of strains that were categorized. In total, the MST
pattern obtained in this study consists of 11 clonal
complexes (CC). This concept is based on the
relationship between the numbers of repetitions that
have been considered as comparisons in each category.
The distance between each CC represents markers that
are common in each clone. And, if the similarity
between the indices was more, the distance between
the clones is closer to each other (15).

The MST pattern usually gives us a better
understanding of the typing of strains that cause the
creation of a common attribute. Because it indicates
the differences and common indicators as clonal
complex simultaneously (16).

Table 3. Determination of strains of Pseudomonas
aeruginosa strains. The 70 selected strains are
classified into 39 types, strains are based on
similarity in the number of replicates and their
affinity within a single type

Strains

2,3,9,22,44,49,50,52,8,59 21 31

46,53,54 23 64

4,14,20 25 12

5,7 27 28

9 38,56 29 45

11 18,63 31 62

13 32,33 33 51

15 40 35 17

17 55 37 8

19 26 39 68
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Figure 2. Diagram derived from the evolutionary
diagram obtained from sequential repeat sequences
from Pseudomonas aeruginosa strains isolated from
patients with urinary tract infection.

j

Figure 3. MST pattern obtained from clinical
isolates causing urinary tract infection in different
patients. The colonel complexes observed in this
figure represents the relationship between several
common markers (the colored part) and the
distance between them showing the difference in
the number of repetitions.

Discussion

In this study, 70 samples from different strains of
Pseudomonas aeruginosa were isolated from a wide
range of patients, including those admitted to the ICU
and CCU units to outpatients. Although these strains
were similar in npature to the biochemical
characteristics and analyzes, 39 strains were classified

LI ES e SR BUS RS URESAT

in the MLVA analysis. This number of strains obtained
from Pseudomonas aeruginosa strains indicates the
high accuracy of this method in differentiating the
differences in these strains.

These differences, which led to the creation of
different types in the MLV A method, showed that they
were not detectable by conventional biochemical
methods. Urinary tract infections (UTIs) are one of the
three most common causes in the community,
especially at the hospital level. Urinary tract infection
caused by pathogenic bacteria after respiratory
infection is the most common type of infection in
patients admitted to different parts of hospitals (17).
Patients with UTI are very diverse, and a wide range of
bacterial strains have been identified and reported for
different characteristics and pathogens (19, 18).

Due to the high variation in the pathogenic strains
that come from patients from different parts of the
world, which often carry antibiotic resistance genes,
researchers are seeking more practical and precise
solutions to differentiate these close to each other
strains. Because diagnostic methods for high volume
of clinical specimens, in addition to being time
consuming, will cost a lot, as a result of the importance
of techniques such as MLVA, have become more
commonplace to all therapists.

For this reason, in recent years, MLVA-based
typing, in which isolates are evaluated by the number
of replicates in several genetic regions, for a number of
important bacteria such as Bacillus anthraise,
Staphylococcus  aureus,  Enterococcus  faecium,
Haemophilus influenzae, Bordetella pertosis and many
others have been used (20). Another common
technique that has been compared with MLVA in
various studies is the PFGE technique. Johansson et al.
analyzed 232 isolates of Pseudomonas aeruginosa
isolated from cystic fibrosis patients by both methods.
In this comparative study, 91% of the results were
similar to each other. However, they emphasized that,
despite the expensive and time-consuming PFGE, its
accuracy is higher than that of MLVA (12).

Another study by Lee et al. concluded that for the
analysis of Pseudomonas strains isolated from cystic
fibrosis patients who became infected with chronic
infections and pathogenic bacteria colonized in the
lung, more precise molecular methods for strain
differentiation should be applied (21). MLV A method,
although is less accurate than techniques such as
PFGE, but because each strain is described by a code
that is associated with the number of replicates in the
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VNTR, the analysis of a large number of samples is
easily possible. In the present study, it has been shown
that using MLVA technique can well differentiate
strains from each other with high speed and precision,
so that each of the 70 strains studied by this technique
were analyzed. In the present study, among eight loci
(MS-213, MS-214, MS-215, MS-217, MS-22, MS223,
MS142, MS-173) selected for analysis, most of the
strains have high-level of mentioned loci and only the
abundance of the MS-173 locus was less than that
found in other studies in the world (13, 9). The results
of our study indicate that the locus used in this study
had a high degree of differentiation. Our data showed
clonal release of Pseudomonas aeruginosa genotypes
in hospitals in important areas such as ICU. The high
prevalence of Pseudomonas aeruginosa in investigated
hospitals is likely to be a result of a single-strand
transmission of patients with clonal release. The results
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of the study showed that most patients, including
patients admitted to ICU or outpatients are prone to
urinary tract infection, so in this study, all clinical
specimens were identified from different strains of
pathogenic strains. In addition, the results of strain
typing by the new MLVA technique showed that this
method can act with greater speed and accuracy in
identifying the strain origin in addition to lower cost
and this indicates the relationship between the source
of isolated strains.
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