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Introduction

Pseudomonas aeruginosa is a common gram-negative
opportunistic pathogen associated with nosocomial infec-
tions, especially in immunocompromised patients admitted
to an intensive care unit, such as burn patients.1,2 These bac-
teria are the major cause of infections in burn wounds, and
threaten the life of many patients all over the world.3 Sec-
ondary systemic infections caused by Pseudomonas aerug-
inosa occur in a wide variety of conditions and are asso-
ciated with high rates of morbidity and mortality.2

Pseudomonas aeruginosa is a highly adaptable micro-or-
ganism that can rapidly develop resistance to different types
of broad-spectrum antibiotics. It can grow in hospital en-
vironments characterized by heavy antimicrobial use, and
consequently it can be transmitted rapidly among hospi-
talized burn patients.4 Nosocomial infections caused by
Pseudomonas aeruginosa are often difficult to treat.5

Multidrug-resistant (MDR) Pseudomonas aeruginosa is

responsible for most nosocomial infections in burn pa-
tients.3,6 Also, biofilm formation can enhance ability of re-
sistance in Pseudomonas aeruginosa.7 Carbapenems are typ-
ically used as the last-line of antibiotic defence for the treat-
ment of infections caused by MDR Pseudomonas aerugi-
nosa. However, these MDR pathogens are capable of pro-
ducing enzymes that can inactivate beta-lactams, such as
Extended spectrum beta lactamase (ESBL) and metallo-β-
lactamase (MBL).8,9 ESBL and MBL are the main resist-
ance mechanism against beta-lactams and carbapenem re-
sistance in MDR Pseudomonas aeruginosa.10 ESBL-pro-
ducing Pseudomonas aeruginosa was first detected in West-
ern Europe in the mid-1980s, and MBL-producing
Pseudomonas aeruginosa was first reported from Japan in
1991,11 and they have been described from different coun-
tries all over the world since then.12 As mentioned above,
the rapid spread of bacterial resistance due to the extensive
use of antibiotics remains a matter of concern for the op-
timal treatment of patients, and in particular burn patients.
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SUMMArY. Pseudomonas aeruginosa is an important opportunistic pathogen causing nosocomial infections, especially in im-
munocompromised patients such as burn patients. Pseudomonas aeruginosa is potentially resistant to different broad-spectrum an-
tibiotics due to its ability to produce extended-spectrum β-lactamase (ESBL) and metallo-β-lactamase (MBL). In the present 6-
month study, 220 strains of multidrug-resistant (MDR) Pseudomonas aeruginosa were isolated from male and female burn patients
who had been hospitalized for at least one week in Motahari Hospital in Tehran. These strains were screened by the disc diffusion
and double disc methods to determine the capacity of producing ESBL and MBL. Of all strains, 18% were ESBL-positive, result-
ing in a significant inhibition zone (≥5 mm) with cefotaxime and ceftazidime plus clavulanic acid discs when compared to the plain
cefotaxime or ceftazidime discs. 38% of the strains were MBL-positive, showing at least 7 mm difference between the inhibition
zone around the imipenem discs alone in comparison with imipenem plus EDTA discs, and at least 5 mm difference between the
inhibition zone around imipenem plus EDTA discs and EDTA discs alone. In the light of our results, the rapidly spreading resist-
ance among bacterial populations due to the extensive use of antibiotics is a matter of concern for the optimal treatment of pa-
tients, particularly in burn wards, and the determination of ESBL and MBL production of MDR Pseudomonas aeruginosa strains
is essential.
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In this study, our aim was to determine the incidence
of ESBL and metallo-β-lactamase MBL enzymes in the
isolates collected from burn patients admitted to Motahari
Hospital in Tehran.

Materials and methods

In the present study, 220 strains of Pseudomonas
aeruginosa were isolated and analysed over a period of 6
months (October 2010 to March 2011) from 106 adults
and children hospitalized for at least one week with burn
infections in the burn unit of Motahari hospital in Tehran.
Prophylactic antimicrobial therapy was performed based
on clinical conditions and wound infection.13 The samples
were collected by swabbing from burn wound exudates,
and immediately transported in transport culture media un-
der standard conditions to the central laboratory of the An-
timicrobial Resistance Research Center. Pseudomonas
aeruginosa ATTCC27853 was used as the negative con-
trol. Determination of Pseudomonas aeruginosa strains was
confirmed by standard biochemical tests.

Antimicrobial susceptibility testing was performed on
Mueller-Hinton agar plates with: cefepime (30µg), cefo-
taxime (30µg), ceftazidime (30µg), aztreonam (30µg),
imipenem (10µg), amikacin (30µg), ticarcillin (75µg), ticar-
cillin-clavulanic acid (75/10µg), piperacillin (100µg),
piperacillin-tazobactam (100/10µg), ciprofloxacin (5µg),
gentamicin (10µg), tobramycin (10µg), and colestin (10µg)
discs by disc diffusion method and interpreted as per Clin-
ical and Laboratory Standards Institute (CLSI) recom-
mendations. All discs used in this method were purchased
from Mast Company in England. Screening of ESBL- and
MBL-producing strains was performed by combined dou-
ble disc synergy test. Despite the different definitions of
MDR micro-organisms,14 MDR was used in this study for
isolates that were resistant to at least three classes of an-
tibiotics.

Phenotypic detection of ESBL:
• one disc of ceftazidim (30µg) alone, and one in

combination with clavulanic acid (30µg/10µg) were
placed at a distance of 20mm, centre to centre, on
a Muller Hinton agar plate inoculated with a bac-
terial suspension of 0.5 McFarland turbidity stan-
dards, and incubated overnight at 37° C. The ES-
BL-producing strains showed at least 5mm differ-
entiation between the inhibition zone around cefo-
taxime or ceftazidime discs alone in comparison
with the inhibition zone around cefotaxime+clavu-
lanic acid or ceftazidime+ clavulanic acid discs.

Phenotypic detection of MBL:
• One disc of imipenem (10µg) alone and one with

imipenem (10µg) in combination with EDTA were
placed at a distance of 20mm, centre to centre, on
a Muller Hinton agar plate inoculated with a bac-

terial suspension of 0.5 McFarland turbidity stan-
dards and incubated overnight at 37° C. The MBL-
producing strains showed a greater than 7mm vari-
ation between the inhibition zone around imipenem
discs alone and the inhibition zone around imipen-
em+EDTA discs, and they showed a greater than
5mm variation between the inhibition zone around
imipenem+EDTA discs and EDTA discs alone.

results

In this study, 220 clinical isolates of MDR
Pseudomonas aeruginosa were collected from 106 burn
patients (25% females, age range, 1-88 yr) in six months.

Among all samples, 112 isolates (50.9%) were MDR.
Antimicrobial susceptibilities were determined according to
the interpretative criteria of the CLSI guidelines (Table Ι).

No resistance was seen against colistin. In the present
study, the overall prevalence of ESBL- positive strains was
18%, and 38% of the isolates were MBL-positive.

Cefotaxime (Mast Diagnostics Group Ltd, Merseyside, UK) 94%
Ticarcillin (Mast Diagnostics Group Ltd, Merseyside, UK) 91%
Tobramycin (Mast Diagnostics Group Ltd, Merseyside, UK) 90%
Piperacillin (Mast Diagnostics Group Ltd, Merseyside, UK) 89%
Ciprofloxacin (Mast Diagnostics Group Ltd, Merseyside, UK) 88%
Ticarcillin-Clavulanic Acid (Mast Diagnostics Group Ltd, Merseyside, UK) 87%
Cefepime (Mast Diagnostics Group Ltd, Merseyside, UK) 87%
Piperacillin-Tazobactam (Mast Diagnostics Group Ltd, Merseyside, UK) 86%
Aztreonam (Mast Diagnostics Group Ltd, Merseyside, UK) 84%
Ceftazidime (Mast Diagnostics Group Ltd, Merseyside, UK) 81%
Amikacin (Mast Diagnostics Group Ltd, Merseyside, UK) 79%
Imipenem (Mast Diagnostics Group Ltd, Merseyside, UK) 79%
Gentamicin (Mast Diagnostics Group Ltd, Merseyside, UK) 72%
Colistin (Mast Diagnostics Group Ltd, Merseyside, UK) 0%

Table Ι - Antibiotic resistance among multidrug-resistant
Pseudomonas aeruginosa isolated from burn patients admitted to the
burn unit of Motahari hospital in Tehran

Discussion

Carbapenems were the effective antibiotics for MDR
gram-negative bacteria infections, especially in high-risk
hospital settings,15 such as burn wards. Resistance is the
result of different mechanisms, such as ESBL and MBL
production by micro-organisms.1 The increasing use of ex-
tended spectrum antibiotics such as carbapenems would
provide the selective pressure for selection of these en-
zymes.16 In many studies across the world, different re-
sistance ranges (4-60%) have been reported towards ES-
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BI (carbapenems). For instance, the incidence of MBL
production in Pseudomonas aeruginosa has been report-
ed to be 10-30% from a variety of clinical specimens
across India.15 However, in a study by Didier Hocquet et
al.18 in France, 9.3% ESBL, MBL, and extended spectrum
oxacillinase-production was found in Pseudomonas aerug-
inosa. Our prevalence of ESBL and MBL in Pseudomonas
aeruginosa does not correlate with the Didier Hocquet
study (18% for ESBL positive and 38% for MBL posi-
tive strains). Also, our prevalence of MBL in Pseudomonas
aeruginosa does not correlate with other studies across
the country. In a study by Saderi et al.,5 53.2% of MBL
production was reported in Pseudomonas aeruginosa, and
in another study performed in Ahwaz19 19.51% of

rÉSUMÉ. Pseudomonas aeruginosa est un pathogène opportuniste important qui cause des infections nosocomiales, en particulier
chez les patients immunodéprimés, par exemple les patients atteints de brûlures. Pseudomonas aeruginosa est potentiellement résis-
tant aux divers antibiotiques à large spectre en raison de sa capacité à produire β-lactamase à spectre étendu (BLSE) et métallo-β-
lactamase (MBL). Les Auteurs de cette étude conduite pour une période de 6 mois ont isolé 220 souches de Pseudomonas aerugi-
nosa multirésistante (MR) dans patients brûlés masculins et féminins hospitalisés pendant au moins une semaine à l’hôpital Mota-
hari à Téhéran. Ces souches ont été criblées moyennant la méthode du disque et du double disque pour déterminer la capacité de
production de BLSE et MBL. De toutes les souches, 18% étaient positives à BLSE, ce qui produisait une zone d’inhibition signifi-
cative (≥ 5 mm) avec céfotaxime et ceftazidime avec les disques d’acide clavulanique par rapport aux simples disques de céfotaxi-
me ou de ceftazidime. 38% des souches étaient positives à MBL: elles ont montré une différence de 7 mm au moins entre la zone
d’inhibition autour des disques d’imipénème seuls par rapport à l’imipénème avec les disques de EDTA, et une différence de 5 mm
entre la zone d’inhibition autour des disques imipénème avec EDTA et les disques de EDTA seuls. Sur la base de nos résultats, la
résistance à l’utilisation étendue des antibiotiques qui se propage rapidement parmi les populations bactériennes soulève des préoc-
cupations pour ce qui concerne le traitement optimal des patients, en particulier dans les services des grands brûlés. Pour ces rai-
sons l’individuation des souches de Pseudomonas aeruginosa multirésistantes aux BLSE et de MBL se démontre essentielle.

Mots-clés: Pseudomonas aeruginosa, β-lactamase à spectre étendu (BLSE), métallo-β-lactamase (MBL), patients brûlés

Pseudomonas aeruginosa strains isolated from burn pa-
tients were reported as MBL producers.11 This variation
seems to reflect the different diagnostic methods and the
different rates of antibiotics used in different hospitals.
The emergence of ESBL- and MBL-mediated resistance
in our country, Iran, is a matter of concern for the treat-
ment of patients.2 The phenotypic screening of resistance
is an important step for epidemiological purposes and for
developing policies for effective infection control meas-
ures in order to manage and prevent the spread of resist-
ant strains. We suggest accurate surveillance, especially
of ESBL and MBL, in MDR Pseudomonas aeruginosa
isolated from burn patients20,21 as an important step for op-
timal antibacterial treatment in the future.
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