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Introduction

Acinetobacter baumanii has emerged as an important
opportunistic pathogen within the hospital environment,
being able to colonize and produce infections in ventila-
tor associated pneumonia, secondary meningitis, urinary
tract, septicaemia and other conditions in intensive care
unit (ICU) patients.1 It is also causing infections in other
immunocompromised patients, including burns patients.2

Antimicrobial treatment of such severe infections is com-
plicated by a wide spread multidrug resistance pattern. One
of the most striking features of A.baumanii is its extraor-
dinary ability to develop resistance against major antibi-
otic classes by various mechanisms.3 A. baumanii resist-
ance is mediated by the presence of mechanisms such as
various enzymes, penicillin binding protein alterations and
reduced penetration across the outer membrane.4 In iso-
lates of A. baumanii, sometimes there can be co-expres-
sion of multiple mechanisms in the same isolate, resulting
in total resistance with the exception of colistin and tige-
cycline.5 Beta-lactam resistance appears to be primarily
caused by β-lactamase production, including the extended

spectrum β-lactamases, AmpC beta-lactamases, metallo-β-
lactamases and oxacillinases. Other modalities of beta-lac-
tam resistance are antibiotic target site alterations, efflux
pumps and finally porin channel deletion, which also ap-
pears to contribute to β-lactam resistance.4 Because of the
multiple antibiotic resistance exhibited by A.baumanii, se-
rious infections caused by this organism are difficult to
treat.3 In A.baumanii, phenotypic tests can be used to de-
tect resistance to various β-lactam group drugs via ESBLs,
AmpC, and MBL, but for others it is necessary to resort
to molecular mechanisms.6 Phenotypic testing may also be
misleading, especially when both ESBL and Amp C β-lac-
tamases co-exist and mask each other, which results in
misreporting and failure in clinical treatment of patients.6

For this reason, different inhibitors have been used to im-
provise the phenotypic tests for B-lactamase detection.6 In
patients suffering from burns infected with these drug re-
sistant pathogens, their detection and that of their resist-
ance patterns becomes a priority in order to avoid further
complications, as well as to commence appropriate an-
tibiotics. In our study, we considered the detection of all
three of these β-lactamases in A. baumanii, which were
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found in patients admitted to the burns unit of our hospi-
tal based on phenotypic tests involving various beta-lac-
tam antibiotics and inhibitors.

Material and methods

This study was conducted in the Microbiology De-
partment of the Government Medical College Hospital,
Chandigarh, India, on the burn wound pus specimens re-
ceived from the burns unit of our hospital over a period
of one year. We used Levine’s technique for preparation
of wound beds before specimen collection, by which the
immediate surface exudates from the burn wound were
cleansed off with moistened sterile gauze and sterile nor-
mal saline solution.7 Dressed wounds were cleansed with
sterile normal saline upon removal of the dressing. This
way, surface contaminating bacteria were removed and the
swab sample represented the bacterial flora in the deep
wound compartment. For this, aseptically the end of a ster-
ile cotton-tipped applicator was rotated over a 1 cm2 area
for 5 seconds with sufficient pressure to express pus and
bacteria to the surface from within the wound tissue. We
took two wound pus swabs from each area at a given point
of time. If the two swab samples differ in types of or-
ganisms during presumptive testing, this is also indicative
of contamination.8 Wound specimens were then transport-
ed to the microbiology laboratory within half an hour by
placing the swabs into sterile test tubes containing 1.0 ml
of sterile normal saline solution. Bacteriological culture
and further identification of the isolates was done by stan-
dard microbiological methods.9 The antibiotic susceptibil-
ity testing was done by Kirby-Bauer disk diffusion method
according to Clinical Laboratory Standards Institute (CLSI)

guidelines.10 ESBL production was detected by CLSI
method (using ceftazidime and ceftazidime-clavulanic acid
combination disks). ESBL non-producers were further con-
firmed by modifying phenotypic confirmatory tests, using
boronic acid (BA) as the inhibitor.11 AmpC screening was
done using cefoxitin disk testing and was confirmed by
the combination disk test using BA (cefoxitin and cefox-
itin/boronic acid disk).12 MBL production was detected by
the Imipenem-EDTA disk test.13 Combination disk test
(CDT) was done to detect MBLs with the use of meropen-
em supplemented with 1000 μg of dipicolinic acid (DPA).14

All strains were susceptible to colistin. The antibiotic discs
were obtained from Hi Media, India Ltd., while the pow-
ders were from Sigma Aldrich.

Results

Out of a total of 185 wound samples received from
burn patients, A. baumanii was isolated in 100 (54.05%)
samples. Presence of all three enzymes (ESBL, AmpC
and MBL) was seen in 25/100 (25%) isolates of A. bau-
manii. Co-production of AmpC and MBL was seen in
16/100 (16%) of the isolates. Coexistence of ESBL and
MBL was seen in 9/100 (9%) of the isolates. Coexistence
of AmpC and ESBL was not found in any of the iso-
lates, and nor did we find ESBL and AmpC individual-
ly. However, 25/100 (25%) isolates showed only MBL
production. Coexistence of ESBL with AmpC and MBL
was detected only in the presence of boronic acid (Fig.
1). MBL detection was seen with EDTA and dipicolinic
acid (Fig. 2). None of the enzymes were detected in 25
(25%) of the isolates, indicating some other method of
resistance.

Fig. 1 - ESBL and AmpC in the presence of boronic acid. Fig. 2 - MBL in the presence of EDTA and DPA.
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Discussion

The most common pathogen isolated from burn wounds
in our study was Acinetobacter baumanii. The high preva-
lence of Acinetobacter baumanii in our centre differs
markedly from most other studies from Europe, the USA
and South America. However, Acinetobacter spp. is high-
ly prevalent in countries like Singapore and Turkey, a fact
that may be explained by the tropical climatic conditions.
Other studies have supported the hypothesis that Acineto-
bacter spp. might be more prevalent in warm climates, with
corresponding increase in colonization and nosocomial in-
fection.15 In India, other common isolates from burn wounds
are Pseudomonas aeruginosa and Acinetobacter sps.16 A.
baumanii is a hardy pathogen associated with high mor-
tality rates, especially in hospitalised patients. The pattern
of bacterial resistance is important for epidemiological and
clinical purposes. The results of the antimicrobial resist-
ance pattern give serious cause for concern because the
Acinetobacter spp. isolated as predominant bacterial iso-
lates in burn wounds were highly resistant. In the recent
past, due to the high resistance of Acinetobacter species
to beta-lactams, carbapenems had been the drugs of choice
for serious infections with A.baumanii. However, car-
bapenem resistant strains are rapidly emerging. There are
several factors leading to carbapenem resistance in A.bau-
manii, most important being the acquisition of carbapen-
em hydrolysing β-lactamases with porin mutations and oth-
er contributing strategies.17 Carbapenemases cause the most
concern due to the high chance of rapid dissemination.18

These multidrug-resistant A. baumanii in burn patients are
difficult to treat as there are very few alternative antibi-
otics left. The optimal finding of different resistance mech-
anisms is therefore essential to curtail the spread of these
pathogens. 

Based on phenotypic tests, we observed that almost
75% of the Acinetobacter isolates showed some mecha-
nism of beta-lactamase resistance. In our study, none of
the isolates showed ESBL production alone, while in an-
other study, ESBL production was reported to be 28%.19

We could not find any isolated AmpC production, where-
as, in another study, AmpC beta-lactamases were produced
by 43% of isolates as the main method of carbapenem re-
sistance.20 We observed that 25% of the isolates showed
MBL production, which is consistent with a prevalence of
26.5% identified by Yong et al.21 MBL and AmpC coex-
istence was seen in 16% of our isolates, and other studies
have also shown the association of AmpC with MBL in
Acinetobacters.22,23 We observed that 25% of our isolates
showed co-expression of ESBL, AmpC and MBL. Thus,
in our study, the main mechanism of resistance was found
to be MBL enzyme production apart from coexistence of
three enzymes, as was found in P. aeruginosa in another
study.24 Recently, a strain of Acinetobacter has been de-
scribed as carrying genes for multiple beta-lactamases from
CVC infection in a burns patient.25

For phenotypic detection of various beta-lactamases,
beta-lactams with various inhibitors were tried but, as re-
gards tests with a high level of specificity, molecular
methodologies must be used. In routine clinical microbi-
ology laboratories we can use these basic phenotypic tests
and then proceed with specific testing based on require-
ment and availability. 

Thus, the finding of multiple beta-lactamases empha-
sizes the need for the detection of these resistance patterns
in order to formulate newer policies of treatment. These
drug resistant pathogens are usually susceptible to colistin,
as was found in our study. The need of the hour is, there-
fore, to understand and carry out active screening for these
enzymatic coexistences.

RÉSUMÉ. Acinetobacter baumannii multirésistante est un pathogène majeur rencontré dans les infections pyogènes, en particulier
parmi les patients brûlés en milieu hospitalier. Il n’est également pas rare de trouver coexistence de plusieurs enzymes bêta-lacta-
mases responsables de la résistance bêta-lactame dans un seul isolat, ce qui complique encore les options de traitement. Nous avons
mené une étude sur les échantillons de pus des plaies de brûlures obtenus à partir de l’unité de soins aux brûlures de notre hôpi-
tal. Les isolats qui produisent des Bêta-Lactamases à Spectre Étendu, à l’AmpC et des métallo-bêta-lactamase ont été déterminés
sur la base des tests phénotypiques. Près de la moitié des échantillons des plaies de brûlures a donné l’Acinetobacter baumannii
comme l’agent pathogène prédominant (54,05%). La coexistence de ces trois mécanismes de résistance a été observée dans 25 des
100 (25%) des isolats d’Acinetobacter baumannii. Cette étude met l’accent sur la nécessité pour la détection des isolats qui pro-
duisent ces enzymes pour éviter les échecs thérapeutiques et des épidémies nosocomiales.
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