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The Frequency of imp and vim Genes Among Pseudomonas aeruginosa
Isolates From Children’s Medical Center of Tehran
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Background: The first report of Pseudomonas aeruginosa (P. aeruginosa) carbapenem resistant strains, and especially the Metallo-Beta-
Lactam (MBL) producers was from Japan, however, further reports were global.

Objectives: The current study aimed to determine the frequency of vim and imp genes among P. aeruginosa MBL producer isolated from
Children Medicinal Center during from 2011 to 2012.

Materials and Methods: In the current descriptive study, 90 P. aeruginosa strains were collected from different clinical samples of
children referring to Children’s Medical Center of Tehran, Iran. All the isolates were identified and confirmed by the standard tests. Their
resistance against common antibiotics was determined by disk diffusion method based on Clinical and Laboratory Standards Institute
(CLSI) 2010 protocol. The MBL producers were screened by Combined Disk Diffusion test (CDDT) and using imp-imp[Ethylen Ediamine
Tetra Acetic Acid (EDTA), and increasing of 7mm < the diameter of inhibiting zone. The frequency of vim and imp genes was determined
by Polymerase Chain Reaction (PCR).

Results: Based on standard tests including Triple Sugar Iron Agar and Oxidation- Fermentation (OF) media and disability of the bacteria
for glucose fermentation, 90 P. aeruginosa strains were confirmed. Their resistance against the following antibiotics was evaluated by disk
diffusion method: 36.6% to cefotaxim, cefpodoxim and ticarcillin 33.3%, meropenem and aztreonam 32.2%, amikacin 28.8%, ciprofloxacin
and ceftriaxon 27.7%, ceftazidime 22.3% and imipenem 15.5%. By PCR the frequency of imp gene with its 328 base pair band was (3.3%). The vim
gene was not detected among the tested strains.

Conclusions: Despite of high resistance of P. aeruginosa, the resistance rate of P. aeruginosa strains isolated from children in the current
study was not high. Then accurate prescription of antibiotics can decrease the speed of resistance creation.
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MBL is related to class B Ambler which can hydrolyze
Beta-Lactams, cephalosporins, and carbapenems. Their
function is inhibited by Ethylenediaminetetraacetic
Acid (EDTA) and thiol compounds (4-7). There are many
reports on P. aeruginosa MBL producers from Asia, South
Europe, and Brazil (8-10).

1. Background

Pseudomonas aeruginosa (P. aeruginosa) is the major
cause of the life threatening agent in nosocomial infec-
tions. Although P. aeruginosa strains are intrinsically re-
sistant against beta lactams, they are usually sensitive
to carbapenems (1). Therefore, carbapenems are usually
the last chance in multidrug resistant strains (2). World-
wide emergence of new resistant strains, due to change
in their intrinsic and acquired resistant genes urge more
studies to identify resistance profile of local colonies
(3). After several worldwide reports on the emergence
of P. aeruginosa resistant strains, it was found that being
armed with different resistant mechanisms like enzyme
production, changes in poring permeability, and efflux

2. Objectives

The current study aimed to determine the frequency of
vim and imp distribution among P. aeruginosa MBL pro-
ducer strains isolated from patients of Children Medici-
nal Center during from 2011 to 2012.

3. Materials and Methods

pumps were presumptive resistance reasons of the bac-
teria. Metallo-Beta-Lactamase (MBL) production, which is
related to plasmidic genes like imp and vim is a common
mechanism of the acquired resistance to carbapenems.

Bacterial isolates: In this descriptive study, 90 Pseudo-
monas aeruginosa (P. aeruginosa) strains were isolated
from different clinical samples of children under 18 years
old referring to Children Medicinal Center of Tehran, Iran
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during from September 2011 to March 2012. The sample
size was determined based on the frequency of MBL pro-
ducer P. aeruginosa isolates (4.8%), with 95% confidence
interval and distance 0.1in the standard formula (N =(p)
(q)(1.96)2/d2) (11).

Bacterial isolation and identification was done based
on standard bacteriologic methods including Oxidase
test, Glucose fermentation in Triple Sugar Iron agar (TSI)
(Merck, Germany), and Oxidation-Fermentation (OF) test,
growing in 42°C, and motility and pigmentation (12). Only
the P. aeruginosa strains, isolated during six months (from
September 2011 to March 2012) were included in this study.
Therefore, all replicated isolates were excluded from the
study. The ethical approved code was the same as that of
grant number 11505. All information regarding the pa-
tient's name and gender were reserved in this study.

Antimicrobial sensitivity test: the sensitive or resistance
of the isolated bacteria was evaluated against the follow-
ing antibiotics, based on CLSI 2012: ceftazidime (30 pg), ce-
fepime (30 pg), aztreonam (30 pg), imipenem (10 pg), me-
ropenem (10 pg), amikacin (10 pg), and ciprofloxacin (30
ng), ceftriaxon (30 pg), cefotaxim (30 pg), cefpodoxim (10
ng), ticarcillin (75 pg) (all purchased from Mast Ltd,UK ) (13).

All plates were incubated at 37°C for 18 hours. Finally, the di-
ameter of zone of inhibition was determined. Pseudomonas
aeruginosa American ATCC 27853 and Escherichia coli 25922
were simultaneously used as control strains. Minimum In-
hibitory Concentration (MIC) of imipenem was detected by
E-test strips (Lioflichem, Denmark) in the similar conditions
of antibiotic sensitivity test based on CLSI 2012 protocol.

3.1. Combination Disk Diffusion Test (CDDT)

Continuously, Metalo-Beta-Lactamase (MBL) producers
were screened by imipenem disk alone and in combina-
tion with 5 p EDTA (0.5 M). Any changes in diameter zone
of inhibition > 7 mm were considered as MBL positive

(13).

3.2. DNA Extraction

To determine the frequency of resistant genes, at first
DNA extraction was done by the boiling method. The

concentration of extracted DNA was determined at 260
nm and using nano-drop. Simultaneously, P. aeruginosa
strain PAO1 was used as the quality control strain.

3.3. Polymerase Chain Reaction Method

Frequency of imp and vim genes were detected by prim-
ers (and Polymerase Chain Reaction (PCR) programs as
follow: Initiation denaturation 95°C five minutes, dena-
turation 95°C one minute, annealing 55°C one minute,
extension 72°C one minute, and final extension 72°C five
minutes (35 cycles). The primer sequences were obtained
from the data bank, National Center for Biotechnology
Information (NCBI). A P. aeruginosa isolate with mutated
imp gene submitted with accession No. JX644173 was
used as the control strain, simultaneously. The PCR prod-
ucts were visualized after staining by ethidium bromide
and under Ultraviolent (UV) irradiation.

3.4. Data Analysis

All data was submitted in an excel sheet and the results
were analyzed by SPSS software version 16.0.

4. Results

During six months from September 2011 to March 2012,90
P. aeruginosa strains were isolated from different clinical
samples from children referring to Children’s Medicinal
Center of Tehran, Iran. All patients were under 18 years old.
The clinical samples were included: 50 urine, 15 blood, 14
tracheal aspirates, five wound swabs, four biologic fluids,
and two throat swabs. Bacteria were identified based on
the results of the following biochemical and bacteriologic
tests: Gram negative bacilli, oxidase positive, non-fermen-
ter (K/K) on TSI and OF media, and green pigmentation on
Muller-Hinton Agar. Resistance of the isolates against the
tested antibiotics was as follows, based on disk diffusion
method: 36.6% to cefotaxim, cefpodoxim and ticarcillin
33.3%, meropenem and aztreonam 32.2%, amikacin 28.8%,
ciprofloxacin and ceftriaxon 27.7%, ceftazidime 22.3%, and
imipenem 15.5%. MIC of imipenem resistant isolates was
determined by E-test as 64 ng/mL (Table 2). The resistance
criteria for the tested antibiotic

Table 1. Sequence of Used Primers

Genes Primers PCR Product Size, bp
imp 5 GAAGGCGTITATGTICATAC 3'; 5’ GTAAGTITCAAGAGTGATGC 3’ 587
vim 5’ GTTTGGTCGCATATCGCAAC 3’; 5’ AATGCGCAGCACCAGGATAG 3’ 382

Table 2. The Minimum Inhibitory Concentration Range for imp
Among P. aeruginosa Strains @

Antibiotic Pseudomonas aeruginosa
MIC50 MIC90 MIC Range
Imipenem 32 64 2-128

3 Data is Presented as pg/mL.

disks, MIC for imipenem in E-test, and the difference
more than 7 mm between the inhibition zones of imi-
penem and imipenem/EDTA were determined based on
the CLSI2012; therefore, the frequency of MBL production
was (3.3%). The frequency of imp gene with its 587 base
pair band was detected in three out of 90 P. aeruginosa
(3.3%) isolates. The vim gene was not detected in any of
MBL positive isolates (0%).
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5. Discussion

In the current study, 90 P. aeruginosa strains were iso-
lated from non-duplicated clinical samples of children
referring to Children’s Medicinal Center of Tehran, Iran
during six months from September 2011 to March 2012.
The resistance rate of all isolates was determined against
common antibiotics by disk diffusion method; MIC was
also determined for imipenem by E-test strips. It was
cleared that out of 10 tested antibiotics the highest re-
sistance rate was detected against cefotaxim (36.6%),
and the least rate was found against imipenem (15.5%).
Fazeli et al. indicated that resistance rate of P. aeruginosa
against ceftazidime was 83.3%. The other study in Tabriz,
Iran, declared that, 50% of P. aeruginosa strains were resis-
tant against this group of antibiotics (14, 15). In another
study conducted by Hakemi-Vala, 62.95% of P. aeruginosa
strains isolated from burnt wounds showed resistance
against ceftazidim (16). These results were in contrast to
the obtained results which indicated that, only 23.3% of
P. aeruginosa strains were resistant against ceftazidim.
All aforementioned studies were performed in different
parts of Iran in different time; therefore, their origin is
not same and, the difference between the results may
derive from the group of patients, time of sampling,
and the origin. Pseudomonas aeruginosa are the respon-
sible for the life threatening conditions in burnt patients
with immunodeficiency. Then, isolation of P. aeruginosa
strains with higher resistance against the antibiotics
from such patients is not strange. Also, border cities, may
have better conditions for immigration and exchange
of resistant bacteria. Indiscriminate use of antibiotic is
another reason for this discrepancy. In addition, the bac-
terial origin in the current study was the children refer-
ring to Children’s Medicinal Center of Tehran, Iran. Then,
proper antibiotic consumption may be related to lower
rates of antibiotic resistance.

In Fazeli et al. study, none of the P. aeruginosa strains
were MBL producer based on CDDT and all the isolates
were sensitive to imipenem and meropenem; also, none
of bla, imp, and vim genes were detected by PCR (14).
Some of these results were in contrast to our study which
showed three out of 90 P. aeruginosa isolates were MBL
producer (3.3%) and all these three isolates carried imp
gene after PCR analysis. However, no vim gene was de-
tected among tested P. aeruginosa isolates in both stud-
ies. As mentioned before, the difference between time
of sampling, change in treatment protocol, and also dif-
ferent primers sequences, which were used, may be the
main factors which cause the difference between the two
studies.

In Shahcheraghi et al. study of 610 P. aeruginosa isolates
68 were imipenem resistant with (MIC > 4 pg/mL)and 16
out of 68 were positive for Verona Integron encoded MBL
(VIM-1) gene by PCR. The difference in imipenem resistant
between the two studies (11.14% in Shahcheraghi study vs.
to 3.3% in the recent study, respectively) may be related to
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the difference in time, hospitals, and also age of patients
(adults vs. to children in the recent study), who were
from different wards of hospitals, in Shahcheraghi study
compare to children who referred to Children’s Medici-
nal Center of Tehran, Iran in the recent study (17).

Children are the most vulnerable part of a population,
because of their immature immune system. So, the re-
sults of any research about their infectious diseases and
microbial agents, including this study are very impor-
tant. One of the weak points of this study is limitation of
the recent results to only 90 bacterial strains which were
isolated from children who referred to Children’s Medici-
nal Center of Tehran, Iran. To generalize giving results to
all P. aeruginosa strains, originated from other children
of Tehran, Iran and also Iran, the sample size must be ex-
tended and included more hospitals. However, the posi-
tion of this hospital as the main Children’s referral Cen-
ter in Tehran, Iran and even Iran is very important.

In conclusion, despite of many reports from Iran, or/
even worldwide about high resistance rate to carbapen-
ems among P. aeruginosa strains nowadays, hopefully,
in this study the resistant rate to carbapenems among P.
aeruginosa originated from the children of an important
Children’s Health Center of Tehran, Iran was not high.
Also, doing antimicrobial sensitivity test before any pre-
scription is highly recommended. In addition, prudent
consuming of the antibiotics under physician surveil-
lance and awareness of patients about its right taking
can reduce the emergence of resistant strains.
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