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Introduction

P seudomonas aeruginosa is one of the commonest causes of 
infection in burn units, and is responsible for numerous 
nosocomial infections.1 Despite the use of potent antibiot-

ics, invasive P. aeruginosa infection is associated with high mor-
tality.2 In the past decade, acquired multidrug resistance, relating 
to selective antibiotic pressure, has emerged in several countries; 
and in some cases, infections caused by multidrug resistant P. ae-
ruginosa have been untreatable.3 Standard therapy for P. aerugi-
nosa infections includes broad-spectrum beta-lactamases-resis-
tant penicillins, cephalosporins, carbapenems, and monobactams. 

-
cin previously offered a reasonable alternative for treating pseu-
domonal infections,4–7 which have a high rate of morbidity and 
mortality; nevertheless, today beta-lactams are the most effective 
antibiotics against this microorganism. Several mechanisms can 
contribute to acquired beta-lactam resistance in P. aeruginosa, in-

-
tems, and decreased outer membrane permeability.8,9 Among beta-
lactams, imipenem is the selective antibiotic against this bacteri-
um, but P. aeruginosa can hydrolyze this antibiotic through metal-

lo betalactamases.10 Several kinds of metallo-beta-lactamases 
which belong to different families have been recognized.11 In this 
study, we evaluated the existence of vim1, vim2, ipm1 and ipm2 
metallo-beta-lactamases encoding genes between imipenem-re-
sistant and intermediate P. aeruginosa strains isolated from burn 
wounds in Shahid Motahari Burns Hospital in Tehran-Iran.

Materials and Methods

Collection of strains
P. aeruginosa used in this study were clinical isolates isolated 

from hospitalized burn patients in Shahid Motahari Burns Hospi-
tal, Tehran-Iran. A total of 483 nonduplicate consecutive isolates 
were collected from the Diagnostic Laboratory Department of the 

-
cording to standard techniques.12

Imipenem susceptibility pattern
Imipenem susceptibility patterns of the 483 isolates were deter-

mined via the method of Bauer et al.13 on Mueller-Hinton agar 
(Hi-Media, India) using imipenem 10 commercially available pa-
per discs (MAST Co., England). Pseudomonas aeruginosa ATCC 
27853 was used as standard strain. The results were interpreted 
according to the CLSI standard tables.

Extraction of total DNA
For molecular diagnosis, the total DNA content of each isolate 
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each isolate was selected from a 16 h culture on the LB agar (Hi-
Media, India) and was washed twice with sterile distilled water. 
The bacterial pellet was resuspended in 200μl sterile distilled wa-
ter in a microtube and placed for 10 minutes in boiling water, fol-
lowing 3 minutes centrifugation in 10000rpm to isolate the cell 
debris as pellets. DNA containing supernatant was transferred to 
new sterile DNase free-RNase free microtubes.

PCR assays for the detection of metallo beta-lactamases encoding 
genes

14 were 
vim1, vim2, ipm1 

and ipm2

HCl pH 9, 50mM KCl, and 0.1% Triton X-100), 1.25mM MgCl2, 
Taq 

condition consisted of an initial denaturation step at 94°C for 3 
min, and 35 cycles of 94°C for 1 min, 51°C for 1 min, and 72°C 

-
taining all PCR reaction mixture except template DNA was used 
as negative control. The bacterial strains used as controls included 
blaVIM1-containing P. aeruginosa VR-143/97 and blaVIM2-car-

rying P. putida NTU-91/99; and two separate plasmids one car-
rying blaIMP1 and the other one carrying blaIMP2, which were 
kindly presented by Kunikazu Yamane (Department of Bacterial 
Pathogenesis and Infection Control, National Institute of Infec-
tious Diseases, Tokyo, Japan), were used as positive controls for 
imp1 and imp2 genes, respectively.

Agarose gel electrophoresis of PCR products 
Horizontal electrophoresis system containing 1% agarose gel in 

the TAE buffer was used. Voltage was set at 5V per each centi-
meter distance between the two electrodes. To determine molecu-
lar weight, 100 – 1000bp ladder (CinnaGen, Iran) was used and 

-
utes. Additionally, 254 nanometer UV waves through the Gel Doc 
Instrument (Biometra, Germany) were employed for gel imaging.

Statistical analysis
The results are expressed as absolute frequencies and percent-

ages. For the statistical analyses, the statistical software SPSS ver-
sion 13.0 for Windows (SPSS Inc., Chicago, IL) was utilized. The 
curves were plotted using Excel software version 2003 (Microsoft 
Corporation, USA).

Figure 2. Agarose gel electrophoresis of vim2 ipm1 and ipm2
vim2 ipm1 and ipm2

ipm2
ipm1 vim2. 

Figure 1. Agarose gel electrophoresis of vim1
vim1

Target gene Primer Oligonucleotide sequence (5›–3›) Fragment size (pb) Annealing 
temperature (ºC) Reference

vim1 blaVIM1 Forward: AGT GGT GAG TAT CCG ACA G
Reverse: ATG AAA GTG CGT GGA GAC 261 55 Shibata et al.(2003)

vim2 blaVIM2 Forward: ATG TTC AAA CTT TTG AGT AAG
Reverse: CTA CTC AAC GAC TGA GCG 801 51 Shibata et al.(2003)

ipm1 blaIMP1 Forward: ACC GCA GCA GAG TCT TTG CC
Reverse: ACA ACC AGT TTT GCC TTA CC 587 51 Shibata et al.(2003)

ipm2 blaIMP2 Forward: GTT TTA TGT GTA TGC TTC C
Reverse: AGC CTG TTC CCA TGT AC 678 51 Shibata et al.(2003)

Table 1.
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Results

In total, 483 Pseudomonas aeruginosa nonduplicate consecu-
tive isolates were collected from the burn wound infections of the 
patients in Shahid Motahari Burns Hospital, Tehran, Iran during 
2008. From this total, 360 and 123 were isolated from men and 
women, respectively. From the 483 isolates, 272 (56%) were re-
sistant to imipenem with a growth zone < 13mm, 63 (13%) iso-
lates had an intermediate pattern with a growth zone of between 
13 – 15 mm, and 148 (31%) were susceptible to imipenem with a 
growth zone > 15 mm.

The isolates with resistant and intermediate patterns to imipe-
nem were subjected to PCR for vim1, vim2, ipm1 and ipm2 genes 
(Figures 1 and 2). 54 (16.1%), 7 (2.1%), 22 (6.6%), and 11 (3.3%) 
of these isolates had vim1, vim2, ipm1 and ipm2 genes in their 
PCR results, respectively.

Fourteen (4.2%) isolates had both vim1 and ipm1 genes, 4 (1.2%) 
isolates had both vim1 and ipm2 genes, 4 (1.2%) isolates had both 
ipm1 and ipm2 genes, only one (0.3%) isolate had vim2 and ipm1 
genes, and only one (0.3%) isolate had both vim2 and ipm2 genes 
simultaneously. There was one isolate which carried vim1, ipm1 
and ipm2 genes and another isolate which carried vim2, ipm1 and 
ipm2 simultaneously.

From the 483 isolates, 272 (56%) and 63 (13%) isolates had re-
sistant and intermediate patterns in their imipenem antibiogram, 
respectively. The rates of the incidence of vim1, vim2, ipm1 and 
ipm2 genes between the imipenem resistant isolates were 15.4%, 
1.8%, 6.6%, and 3.3%, respectively; whereas between the inter-
mediate isolates, these rates were 4.8%, 3.1%, 6.3%, and 3.1%, 
respectively (Figure 3).

Discussion

P. aeruginosa is an opportunistic pathogen which causes serious 
-

ferent antibiotics are used for the treatment of its infections, in-
cluding betalactams, aminoglycosides, and quinolones. Be that as 
it may, this microorganism can achieve different ways to protect 
itself against these antibiotics.15,16 One of the most important ways 

to become resistant against imipenem is metallo-beta-lactamases 
(MBL) production, of which the vim and ipm MBL families are 
very prevalent between Gram negative rods.17 The presence of 
vim-type and ipm-type MBLs between the isolates of different 
bacteria such as Acinetobacter baumannii, Serratia marcescens, 
Morganella morgannii, Enterobacter cloacae, Klebsiella pneu-
moniae, Citrobacter freundii, and Aeromonas hydrophila has 
been shown by different researchers.18–21 The present study was 
designed to evaluate the rate of vim1, vim2, ipm1, and ipm2 MBLs 
genes between the P. aeruginosa isolates of Motahari Hospital 
Burns patients.

In the present study, we demonstrated that from 483 P. aeru-
ginosa isolates, 272 (56%) and 63 (13%) had resistant or inter-
mediate patterns to imipenem. Shahcheraghi et al. assessed 350 
P. aeruginosa clinical isolates collected from two Iranian general 
hospitals (Imam Khomeini Hospital and Tehran Children Center) 
and showed that only 5% of the isolates were resistant to imipe-
nem.22 However, Saderi et al. evaluated 128 P. aeruginosa clinical 
isolates collected from Shahid Motahari Burns Hospital and dem-
onstrated that 38.28% of the isolates were resistant to imipenem.23 

-
tients and unfortunately, imipenem therapy is the choice treatment 
for burn infections caused by Gram negative bacteria. On the other 
hand, some metallo-beta-lactamases encoding genes are located 
on transposable genetic elements and can transfer between bacte-
rial strains and isolates.24 So the difference between our results 
and Shahcheraghi’s results may be because of the difference be-
tween the antibiotic therapy regimens in our respective hospitals. 
According to our study and in comparison with Saderi’s study, the 
resistance rate of P. aeruginosa is rising in Shahid Motahari Burns 
Hospital and preventive strategies such as more precise antibiotic 
selection for infection treatment and less physical contact between 
patients should be taken against this phenomenon. Rasmussen and 
Bush25 stated that because of an increase in the carbapenem usage, 
the increase of MBL-producing organisms would be inevitable. 
Lee et al. showed that after nine years of the usage of carbapen-
ems in Korea, the imipenem-resistance rate of P. aeruginosa had 
rapidly risen from 6% in 1996 to 19% in 2001.26

Our study showed that 54 (16.1%), 7 (2.1%), 22 (6.6%), and 
11 (3.3%) of the isolates had vim1, vim2, ipm1, and ipm2 genes 

Figure 3.
ate isolates of P. aeruginosa
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in their PCR results, respectively. Shibata et al. screened 180 P. 
aeruginosa MBL producers for vim-type and imp-type genes 
through the PCR method and showed that 35%, 0.5%, and 64.5% 
of the isolates carried vim2, ipm1, and ipm2 genes, respectively. 
None of the isolates carried vim1 gene.14 Laupland et al. evalu-
ated the presence of vim2 gene between 98 MBL producing P. 
aeruginosa isolates in Calgary Health Region in Canada between 
May 2002 and April 2004 and showed that 92% of them were 
vim2 positive.27 Lee et al. assessed the prevalence of vim2 and 
imp1 MBLs between 415 P. aeruginosa clinical isolates in Korea 
and demonstrated that 45 isolates were MBL producers, of which 
7 (1.7%) and 0 (0%) of isolates were vim2 and imp1 producers, 
respectively.28 It seems that the spread patterns of different MBLs 
between countries are different and their relationships with geo-
graphical areas, hygienic conditions and chromosomal structure 
of bacterial strains should, therefore, be evaluated.

ipm types of MBLs were rare in Iran until the time of the com-
ipm1 

and ipm2 carrying P. aeruginosa isolates from Shahid Motahari 
Burns Hospital. Because of the sudden high prevalence of ipm1 
(22 out of 335) and ipm2 (11 out of 335) carrying isolates, it is 
necessary to assess the distribution and transportation pattern of 
these pathogens between the patients of this hospital.

MBL-mediated imipenem resistance in P. aeruginosa is a cause 
for concern in the treatment of infected burns patients. The rate 
of imipenem resistance due to MBLs was increased dramatically 

time. These results suggest that an effective method should be 

Acknowledgments

We thank the Microbiology Department staff of Shahid Motahari 
Burns Hospital for their cooperation with us in collection of the 
specimens.

References

1. Neu HC. The role of Pseudomonas aeruginosa in infections. J An-
timocrob Chemother. 1983; 11: 1 – 13.

2. Makedou KG, Tsiakiri EP, Bisiklis AG, Chatzidimitriou M, Halvantzis 
AA, Ntoutsou K, et al. Changes in antibiotic resistance of the most 
common Gram-negative bacteria isolated in intensive care units. J 
Hosp Infect. 2005; 60: 245 – 248.

3. Tsukayama DT, van Loon HJ, Cartwright C, Chmielewski B, Fluit 
AC, van der Werken C, et al. The evolution of Pseudomonas aeru-
ginosa during antibiotic rotation in a medical intensive care unit: the 
RADAR-trial. Int J Antimicrob Agent. 2004; 24: 339 – 345.

4. Manno G, Cruciani M, Romano L, Scapolan S, Mentasti M, Lorini R, 
et al. Antimicrobial use and Pseudomonas aeruginosa susceptibility 

Int J Antimicrob Agent. 2005; 25: 
193 – 197.

5. Regal RE, DePestel DD, Vanden Bussche HL. The effect of an anti-
microbial restriction program on Pseudomonas aeruginosa resistance 
to beta-lactams in a large teaching hospital. Pharmacotherapy. 2003; 
23: 618 – 624.

6. Blandino G, Marchese A, Ardito F, Fadda G, Fontana R, Lo Cascio 
Pseudomonas aeru-

ginosa and Staphylococcus aureus isolated in Italy from patients with 
hospital-acquired infections. Int J Antimicrob Agent. 2004; 24: 515 
– 518.

7. Drenkard E. Antimicrobial resistance of Pseudomonas aeruginosa 
Microbe Infect 2003; 5: 1213 – 1219.

8. Roe MT, Pillai SD. Monitoring and identifying antibiotic resistance 
mechanisms in bacteria. Poult Sci. 2003; 82: 622 – 626.

9. Hogan D, Kolter R.. Why are bacteria refractory to antimicrobials? 
Curr Opin Microbiol. 2002; 5: 472 – 477.

10. Fujimura S, Nakano Y, Sato T, Shirahata K, Watanabe A. Relation-
ship between the usage of carbapenem antibiotics and the incidence 
of imipenem-resistant Pseudomonas aeruginosa. J Infect Chemother. 
2007; 13: 147 – 150.

11. Mansour W, Poirel L, Bettaieb D, Bouallegue O, Boujaafar N, Nor-
Pseudomonas aeruginosa 

isolates in Tunisia. Diag Microbiol Infect Dis. 2009; 64: 458 – 461.
12. Govan JRW. Pseudomonas, Stenotrophomonas, Burkholderia. In 

Mackie and McCartney’s Practical Medical Microbiology, 14th ed. 
Churchill Livingstone, New York, USA 1996: 414 – 416.

13. Bauer AW, Kirby WMM, Sherris JC, Turk M. Antibiotic susceptibility 
testing by a standardized single disk method. Am J Clin Pathol. 1996; 
45: 493 – 496.

14. Shibata N, Doi Y, Yamane K, Yagi T, Kurokawa H, Shibayama K, et 

integrases carried by Gram-negative bacteria isolated in Japan, with 
focus on the class 3 integron, J Clin  Microbiol. 2003; 41: 5407 – 
5413.

15. Hanberger H, Garcia-Rodriguez JA, Gobernado M, Gossens H. Anti-
biotic susceptibility among aerobic gram-negative bacilli in intensive 

J Am Med Assoc. 1999; 281: 
67 – 71.

16. -
nolones, aminoglycosides, ureidopenicillins and newer cephalospo-
rins against Pseudomonas spp. Indian J Med Res. 1992; 95: 136 – 138.

17. Nishio H, Komatsu M, Shibata N, Shimakawa K, Sueyoshi N, Ura T, 
-

tory-based surveillance in cooperation with 13 clinical laboratories in 
the Kinki region of Japan. J Clin Microbiol. 2004; 42: 5256 – 5263.

18. Livermore DM. The impact of carbapenemases on antimicrobial de-
velopment and therapy. Curr Opin Investig Drugs. 2002; 3: 218 – 224.

19. 
Enterobacteriaceae isolates in a university hospital in Taiwan: preva-
lence of IMP-8 in Enterobacter cloacae 
VIM-2 in Citrobacter freundii. J Antimicrob Chemother. 2002; 50: 
1 – 9.

20. 
Acinetobacter bau-

mannii. Emerg Infect Dis. 2006; 12: 981 – 983.
21. Giakoupi P, Maltezou H, Polemis M, Pappa O, Saroglou G, Vatopou-

los A. KPC-2-producing Klebsiella pneumoniae infections in Greek 
hospitals are mainly due to a hyperepidemic clone. Eurosurveillance. 
2009; 14: 1 – 5.

22. Shacheraghi F, Nikbin VS. Metallo betalactamases and determination 
of ceftazidim and imipenem resistance rate between resistant Pseu-
domonas aeruginosa clinical isolates isolated from Imam Khomeini 
hospital and Tehran Children Center during 2005.  Iranian J Infect 
Dis. 2005; 12: 19 – 22.

23. Saderi H, Karimi Z, Owlia P, Bahar MA, Akhavi Rad SMB. Pheno-
typic detection of metallo-beta-lactamase producing Pseudomonas 
aeruginosa strains isolated from burned patients. Iranian J Pathol. 
2008; 3: 20 – 24.

24. Watanabe M, Iyobe S, Inoue M. Transferable imipenem resistance in 
Pseudomonas aeruginosa. Antimicrob Agent Chemother. 1991; 35: 
147 – 151.

25. An-
timicrob Agent Chemother. 1997; 41: 223 – 232. 

26. Lee K, Lee WG, Uh Y, Ha GY, Cho J, Chong Y, KONSAR group. 
Pseudomonas 

spp. and Acinetobacter spp. in Korean Hospitals. Emerg Infect Dis. 
2003; 9: 868 – 871.

27. Laupland KB, Parkins MD, Church DL, Gregson DB, Louie TJ, 
Conly JM, et al. Population-based epidemiological study of infections 
caused by carbapenem-resistant Pseudomonas aeruginosa in the Cal-

-
ducing strains. J. Inf. Dis. 2005; 192: 1606 – 1612.

28. 
lactamase-producing Pseudomonas spp. in Korea: high prevalence of 
isolates with VIM-2 type and emergence of isolates with IMP-1 type. 
Yonsei Med J. 2009; 50: 335 – 339.


