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ABSTRACT

Introduction: P. aeruginosa is an important multi-drug resistant (MDR) opportunistic
pathogen in hospital-acquired infections. Several methods based on DNA analysis have
been used for investigating genetic diversity of P. aeruginosa isolates. Among them, REP-
PCR typing has been introduced as a rapid, low cost method with high discriminatory
power. The aims of this study were to investigate genotypic relatedness and antibiotic
resistance in clinical isolates of P. aeruginosa.

Methods: This cross - sectional study was carried out on 67 P.aeruginosa at Shahid
Mohammadi hospital, Bandar Abbas, Iran, between May 2012 and June 2013.
Identification and antimicrobial susceptibility of the isolates were determined by
conventional biochemical reactions and Kirby-Bauer method. The genetic similarity was
investigated by REP-PCR technique and data analysis was performed with NTSYS PC
software, and Jacquard's method. The correlation between the molecular patterns and the
other parameters was determined by Pearson’s chi-square test using SPSS software, version
19.

Results: REP-PCR results, created 7 genotypic clusters with 76% similarity. Clusters | and
111 were the most prevalent clones, identified in 16 (23.88%) of isolates, distinctly. ICU had
the most cluster diversity. The majority of isolates were obtained from sputum (29.85 %).
The isolates were most resistant to cotrimoxazole (80.6%) and most susceptible to
ciprofloxacin (85.1%).

Conclusion: REP-PCR type A and C were the predominant strains in our hospital.
Because of serious infections and high drug resistance, it is necessary to implement the
guidelines of infection control committee to reduce Pseudomonas infections.
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Introduction:

Pseudomonas  aeruginosa is a  major
opportunistic  pathogen  that causes  severe
nosocomial infections, particularly in immune-
compromised patients or those with underlying
diseases (1). It is also responsible for the majority of
morbidities and mortalities in patients with severe
burn wounds, AIDS, lung cancer and other serious
pulmonary diseases (2, 3).

P. aeruginosa has many virulence factors,
including cell-associated determinants such as
lipopolysaccharides, pili, flagella and numerous
secreted factors like elastases, proteases, exotoxins,
pyocyanin and extracellular polysaccharides (2, 4).

P. aeruginosa is inherently resistant to most
currently used antibiotics due to a variety of
resistance mechanisms. Treatment is further limited
by the ability of the organism to rapidly develop
additional resistance during treatment (5).

P. aeruginosa retains a wide set of accessory
genes conferring functional uniqueness to individual
strains. Its genome complexity is presumed to be the
main reason for its skills for adaptation to various
environmental niches and its ability to cause a wide
range of infections. Because of large phenotypic
diversity and high genomic polymorphism of P.
aeruginosa, precise identification of this bacterium
by conventional microbiology techniques is not
accessible (6). Currently, several molecular typing
methods are available that provide information about
the genetic similarities between isolates within the
same species (7). One of these commonly used
methods is repetitive extragenic palindromic-PCR
(REP-PCR). It is an extragenic typing technique that
amplifies many uniquely sized amplicons,
demonstrating regions between target-non-coding,
repetitive sequences in the genome (7, 8).

The aims of this study were to investigate
genotypic relatedness, antibiotic resistance and
distribution of clinical isolates of P.aeruginosa, at
Shahid Mohammadi hospital, Bandar Abbas, Iran..

Methods:

This cross — sectional study was carried out on 67
non-repetitive P.aeruginosa strains collected from
different clinical specimen at Shahid Mohammadi
hospital, Bandar Abbas, Iran, between May, 2012
and June, 2013. Isolation of the bacteria was
performed by culturing the specimens on appropriate
bacteriological media, including Blood agar and

EMB agar media. Identification of the isolates was
performed by routine microbiological methods. The
strains were stored in Tryptic Soy Broth medium
containing 30% glycerol at — 20°C until further
testing (9, 10).

Antimicrobial susceptibility: In vitro antibiotic
susceptibility of each isolate was assessed by the
Kirby-Bauer disc diffusion method, and interpreted
according to the recommendations of the Clinical
and Laboratory Standards Institute (CLSI) (11, 12).
Antibiogram  discs were purchased from
PadTanTeb, Iran, and contained the following
antibiotics, at the specific concentrations indicated in
parentheses cotrimoxazole 25 pg, ceftriaxone 30 pg,
ceftazidime 30 pg, meropenem 10 pg, imipenem10
g, ciprofloxacin 5 pg, amikacin 30 pg.

Extraction of DNA for REP-PCR: DNA was
extracted from isolates with the modified TE boiling
method (13). Each sample was suspended in 200 pL
TE buffer [10 mmol/L Tris-HCI, 1 mmol/L EDTA
(pH 7.5)]. In order to wash the pellets, each
preparation was centrifuged at 8000 g for 4 min at
4°C by TE buffer for 3 times . The pellet was
resuspended in 200 puL. TE buffer, mixed on a vortex
mixer and subjected to boiling at 100°C in a water
bath for 1 min, 3 freeze-thaw cycles alternating
between -70°C for 3 min and 100°C for 2 min, and
then centrifuged at 10000 g for 5 min. Supernatant
was transferred to a sterile tube and stored at 20°C
(14, 15).

REP-PCR DNA fingerprinting: The REP-
PCR oligonucleotide primers used in this study were
REP1 5-INICGICGICATCIGGC-3, REP2
5ICGICTTATCIGGCCTAC-3'. REP amplification
was performed according to the following program:
initial denaturation of 94°C for 7 min; 35 cycles of
denaturation at 94°C for 45sec; annealing at 40°C for
60 sec; extension at 72°C for 8 min; and a final
extension step at 70°C for 16 min. Total PCR
reaction volume was 25 pl, containing 2 pl of
purified genomic DNA, 2.5 pl MgCI2, 1.25 ul of
dNTP, 2 pl of each primer and 0.4 pl of Taq DNA
polymerase. The DNA fingerprint patterns were
presented as virtual electrophorese analysis in 1.2%
agarose gel in TAE buffer (0.1 M EDTA pH 8.0,
0.04 M TRIS pH 8.0, and 0.02 M acetic acid) with
the race of 80V for 3hours. The amplification of the
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products was analyzed under UV transilluminator (8,
11).

Analysis of DNA Fingerprints: The amplification
products were transformed into binary matrixes
where 1(one) was attributed to the presence of the
band and O (zero) for absence. The NTSYS PC
software coefficient was employed to determine
genetic similarities between P. aeruginosa strains and
create dendrograms. Samples were classified into the
same REP-PCR group if the similarity was at least
97% (1, 12).

Analysis of genetic diversity: In order to
evaluate the genetic relationships between strains a
matrix of genetic distances, was constructed using
the complement of the Jaccard Similarity Coefficient
(CSJ), this matrix does not consider negative
similarities and the absence of the product. From
estimates of the dissimilarities, the strains were
grouped using hierarchical UPGMA  method
(Unweighted Pair-Group Mean Average) with the
test of bootstrap (1000 times) to evaluate the
consistency of the group ().

Statistical analysis: The correlation between
molecular typing and antimicrobial susceptibility
patterns was determined by Pearson’s chi-square test

using SPSS software, version 19.0 for Windows. A
P value of < 0.05 was considered for statistically
significant (12).

Results:

A total of 67 non repetitive isolates of
P.aeruginosa, was recovered from sixty seven
patients. 45 patients were males and 22 were
females. Average age of the patients was 48 years.
There was greater incidence of P. aeruginosa
infections in the 21 to 40 years age group.

The majority of isolates were obtained from
sputum (29.85%), wound swabs and tracheal tube,
each one (25.37%), urine (14.29%) and blood
(4.47%).

The most numbers of P. aeruginosa strains were
obtained from Internal and ICU wards, 19 (28.35%)
distinctly, followed by emergency ward 14
(20.88%), surgery (8.95%), bumn (7.46%),
orthopedic and neurosurgery wards (2.98%).

Antimicrobial susceptibility: The susceptibility
rates of isolates to tested antibiotics are presented in
Table 1.

Table 1. Antibiogram pattern of Pseudomonas aeruginosa isolates (expressed as percentage)

Antibiotic Sensitive Intermediate Resistant
Ciprofloxacin 82.09 2.98 14.93
Imipenem 74.63 0 25.37
Amikacin 74.63 447 20.90
Meropenem 73.13 149 25.37
Ceftazidime 65.67 2.98 31.34
Ceftriaxone 25.37 11.94 62.69
Cotrimoxazole 19.40 0 80.60

As it is considered, ciprofloxacin with 82.09%
susceptibility rate was the most active agent,
followed by imipenem and amikacin with 74.63%
efficacy. The highest resistance rate was seen to
cotrimoxazole (80.60%).

Analysis of DNA Fingerprints: Using NTSYS
PC and Jacquard's method, REP-PCR results created
7 genotypic clusters (A- G) with 76% or more
similarity. REP- PCR created 1-10 fragments per
strain, with a total of 20 distinct fragments with the
size ranging between 150 to 3000 bp (Figure 1).

Strains belonging to the same cluster showed
identical or highly similar profiles (up to two bands
different). Clusters A and C were the most prevalent
clones, identified in 16 bacterial isolates (23.88%).

REP-PCR dendrogram based on the rate of
similarity is illustrated in figure 2.

Isolates P2 and P11 of group (A), P6, P8 and P40
of group (B), P25, P29, P33, P34, P37, P45, P48,
P53, P55, P57 and P66 of group (C), P56 and P58
also in group (C), P35, P52 and P59, P62 in group
(E) showed the smallest genetic distance (0%) within
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their group, whereas strains P36 and P24 with about Lane 1. Molecular weight marker (50 bp), 2—19
67% had the highest distance. Clinical isolates, 20. Molecular weight marker (100
bp)

Table 2. Frequency of Pseudomonas aeruginosa

isolates in different REP type A ’_|_|_—‘_:f—
REP type Frequency Percent | —
l L :
A 16 23.88 — .
B 8 11.94 e T e -
C 16 23.83 1 ' £
D 7 10.44 = -
E 13 19.40 - =
F 447 L &
e
G 4 597 EA | : ==
Totall 67 100 - o
f :
» m-uO&;““;IO‘OG B = { f;l
” N T e — :
' . bl u.l Figure.2. Dendrogram showing similar REP-PCR
B v type

Figure 1. Repetitive-PCR fragments of Pseudomonas
aeruginosa isolates

Table 3. Clinical Sources of Pseudomonas aeruginosa isolates in different Rep type

REP type A B C D E F G
Sample % N % N % N % N % N % N % N
Sputum  18.75 3 37.50 0 25 4 0 0 64.54 8 3334 1 25 1
Wound 25 4 37.50 1 3125 5 28.58 2 15.39 2 0 0 25 1
Trachea
tube 43.75 7 25 4 6.25 1 42.86 3 7.70 1 3334 1 50 0
Urine 6.25 1 0 2 31.25 5 28.58 2 7.70 1 3334 1 0
Blood 6.25 1 0 0 6.25 1 0 0 7.70 1 0 0 0
Total 100 16 100 8 100 16 100 7 100 13 100 3 100 4
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Table 4. Frequency of REP type of Pseudomonas aeruginosa isolates in different wards

REP type A B C D E F G
Wards % N % N % N % N % N % N % N
Neurosurgery 0 0 0 0 0 1428 1 769 1 0 0 0 0
Surgery 25 2 125 1 125 2 0 0 769 1 0 0 0 0
Emergency 625 1 50 4 25 4 1428 1 1538 2 6666 2 0 0
ICU 5625 9 25 2 625 1 2857 2 1538 2 3333 1 50 2
Orthoppedic 625 1 0 0 0 0 1428 1 0 0 0 0 0 0
Burn 0 0 0 0 25 4 0 0 1538 1 0 0 0 0
Internal 1875 3 125 1 3125 5 2857 2 4615 6 0 0 50 2
ToTal 100 16 100 8 100 16 100 7 100 13 100 3 100 4
Table 5. Antibiotic resistance of different REP types (expressed as percentage)

REP type

Antib:;,tri)cs A B c b E F G
Cotrimoxazolee 68.75 87.50 75 100 84.62 100 75
Imipenem 18.75 50 25 14.29 15.39 100 0
Amikacin 18.75 33.34 6.25 57.15 23.08 33.34 0
Ceftriaxone 75 62.50 50 7143 53.85 100 50
Ciprofioxacin 18.75 12.50 25 14.29 0 33.34 0
Meropenem 1250 3750 25 14.29 30.77 100 0
Ceftazidime 50 3750 25 14.29 23.08 66.67 0

Mean 37,50 45.84 33.04 40.82 32.97 76.20 17.86

Relationship of REP types and source of
infection: Most of the group E isolates were
obtained from sputum specimens (61.54%), whereas
group A were mostly isolated from tracheal tubes
(43.75%). Most of the wound and urine isolates
belonged to group C (31.25%).

Relationship of REP-PCR types and infection
dispersion in wards: Table 4 demonstrates the
distribution of REP types in different wards of
hospital. The most REP type diversity was observed
in ICU and internal wards. In each ward different
REP type was dominant. The most isolates of
internal, burn and 1ICU wards belonged to REP type
C,Eand A, respectively.

Antimicrobial susceptibility among different
REP-PCR types: The relationships of REP types
and antimicrobial susceptibility patterns are shown in
Table 5. Eleven isolates (16.42%) were resistant to 3
antibiotics tested, 7 (10.44%) to 4 antibiotics,
4(597%) to 5 antibiotics, and seven isolates
(10.44%) were resistant to six agents. Only two
isolates (2.98%) were resistant to all seven tested
antibiotics. These two isolates belonged to different
REP-PCR types (A and B). In addition, REP type F
members had the highest drug-resistance (mean =
76.20%).

Conclusion:
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P.aeruginosa is a major cause of nosocomial
infections, particularly in ICU patients. Its
intrinsically  resistant to multiple classes of
antimicrobial agents, limits choice of drugs, and
complicates the therapeutic management of patients.
Due to large phenotypic diversity and genomic
complexity, precise identification of P.aeruginosa
isolates is important for epidemiologic studies to
recognize identical or closely related strains, sources
of infection, and for detecting cross-transmissions in
the hospital environments (6).

In the present study, we acknowledged the spread
of P.aeruginosa infections in Shahid Mohammadi
Hospital. In addition, we applied the REP- PCR
method to determine the relationship of the strains
and to dominant clonal groups, present in different
wards.

Sixty seven patients were entry in this study;
when factors such as age and sex of the patients were
considered, we found that occurrence of P.
aeruginosa was higher in males 45 (67.16%)
compared to females 22 (32.83%). Our results were
in consistence with similar studies carried out by
Jamshaid et al, and Ranjan, in which P. aeruginosa
infections were more common in males, 61.78 %
and 58%, respectively (16, 17).

We categorized our patients into five groups,
according to their age. There was a greater incidence
of P. aeruginosa infections in the age group 21 - 40
years, and patients with more than 40 years old, but
we didnt recognize significant association between
age and incidence of P.aeruginosa infections (p=
0.23). Ranjan and colleagues found that P.
aeruginosa was more commonly isolated from
patients in the age group 2140 years (17). In a study
performed by Ghorbanalizadegan on 155 cases
(69% male 31% female), the average age was 52
years, and P. aeruginosa infection was mostly
observed in patients with more than 50 years old
(18). Similar to these findings have been reported in
other studies (19). We therefore report it as a
significant finding, which is in agreement with that
obtained in other studies.

In our study P. aeruginosa strains were most
frequently isolated from sputum samples (29.85%),
followed by wounds and tracheal tube, both with the
same rate (25.37%). Correspondingly in
Ghorbanalizadegan study most of the isolates were
obtained from sputum (16.9%) (18). In Khalili study
urine with 41% and tracheal tube with 29% rates
were the main sources of P. aeruginosa isolates.

However, P. aeruginosa strains were typically
isolated from Blood 33%, sputum 24% and urine
22% in Rahimi's report. But in our study 14.92% and
447% of isolates were obtained from urine and
blood samples, respectively, which are quite less
than their findings (20, 21).

In the present study, the majority of P.
aeruginosa strains were obtained from ICU
(28.35%), internal ward (28.35%) and emergency
ward (20.88%). This is in agreement with other
investigations carried out in other hospitals (18, 21).

Regarding antibiogram pattern, our result showed
that ciprofloxacin with 82.09% susceptibility rate
was the most active agent, followed by imipenem
and amikacin, both with 74.63% activity. In Razavi
study, Imipenem (99.10%) ceftazidim (86.4%), and
Ciprofloxacin (75.5%) were the three most effective
agents (22). In Rajabpour study imipenem (90.40%),
amikacin (80%) and ofloxacin (60%) were the three
most effective antibiotics (23). Amikacin, imipenem
and ciprofloxacin has been also ranked as one of the
three most effective agents against P. aeruginosa in
other studies (24). Surprisingly, amikacin has been
found as the most resistant agent in Biswal study,
which is in contrast with our results and studies
mentioned above. He has reported colistin (100%),
meropenem (79.3%) and ciprofloxacin (79.31%) as
the three most effective agents and imipenem ranked
the fourth with 72.4% susceptibility rate (25). In
Sabir study in Karachi, imipenem (100%),
piperacillin/tazobactam(90.91%) and
sulbactam/cefoperazon (88.43%) were the three
most effective agents against P. aeruginosa
infections, followed by amikacin, aztreonam and
ciprofloxacin with 80.99% , 78.51% and 65.29%
susceptibility rates, respectively (26). Unfortunately,
we did not evaluate piperacillintazobactam and
sulbactam/cefoperazon activity in our study to
compare the results.

Although Bonfiglio and his colleagues,
summarized that meropenem was the most active
drug against P. aeruginosa isolates (24), in our study
susceptibility rate to meropenem was (73.13%)
ranking the fourth active agent, comparable to
Gamal's study with 71% (27). We observed the
highest antibiotic resistance rate to sulfamethoxazol
(80.60%), which is consistent with Imani’s findings
(96.4%) (28). In his analysis, Sabir found highest
resistant rate to cefurexim (91.7%) and
sulfamethoxazol (84.3%) (26). Resistance to third
generation of cephalosporins has been observed in
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several studies, ranging from 78.9% to 97.1 % (29,
30). We also found a 62.69% resistance rate to
ceftriaxone.

Those strains resistant to three or more antibiotics
were considered as MDR making 46.27% of our
isolates, which is lower than Bayani's finding (60%)
and more than Biswal and Khan with 36.2% and
30% rates, respectively (25, 31, 32). Dissimilar
antibiogram patterns of P. aeruginosa strains has
been reported in different area, which can be due to
diversity of strains, quality of antibiogram discs and
also precise of practice. Any way it can be concluded
that constant antibiotic screening should be
performed, before prescribing any drug.

The average length of hospitalization in our study
was 17.75 days which is close to Hadji Bagheri’s
report (15.38 days) (33). Period of hospitalization,
especially in ICU patients is an important risk factor
for P. aeruginosa infection (5).

In this study, we detected seven REP-PCR types
within the clinical isolates of P. aeruginosa.

The strain similarities within type A isolates (16
isolates) was less than that of Rep-type F (3 isolates)
and G (4 isolates). Although REP-PCR type G (4
isolates) was more likely to be associated with
antibiotic-susceptible strains, and REP-PCR type F
(3 isolates), were highly correlated with antibiotic-
resistance, because of so low number of isolates in
each group, no statistically acceptable conclusion can
be make. Concerning the source of infections, those
P. aeruginosa strains recovered from burn ward
patients showed higher similarity, most of them
belonging to cluster C. On the other hand, isolates
obtained from other wards showed higher genetic
diversity in their group. The highly heterogeneous
strains were isolated from tracheal tube. While the
group of isolates of blood samples, showed the least
genetic variation.

Due to the high genetic variety of P. aeruginosa
strains, precise typing of clinical isolates is necessary
for epidemiological surveillance, and finding clonal
relationships between individual isolates in hospital
settings.

There were some limitations to our study,
including the small sample size. To know much
more about the relation between different genotypes
and their antibiogram patterns, additional prospective
clinical studies with large sample sizes are needed.

Conclusions:

In conclusion, clinical isolates of P. aeruginosa
with type A and C clones were the predominant
strains from December 2012 to January 2013 in
our hospital. To our knowledge, there are not many
articles on REP-PCR genotyping of P. aeruginosa
and this is the first report of REP-PCR typing of P.
aeruginosa in Iran.
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