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Background: One of the most challenging isolates in nosocomial infections is Acinetobacter baumannii which is rapidly changing 
towards multi-drug resistant. Resistance to the last resort antibiotics, carbapenems, is reported around the world. In particular, metallo-β-
lactamases (MBL) are responsible and detection of MBLs is of interest.
Objectives: In this study we have evaluated the prevalence of MBLs in A. baumannii isolated during 2012 by two feasible described methods.
Materials and Methods: In this cross sectional study, during 2012, 40 A. baumannii non-replicate isolates gathered from clinical and 
environmental specimens from Afzalipur hospital of Kerman. Isolates were characterized by conventional biochemical tests as A. 
baumannii-calcoaceticus complex (ABC). For antimicrobial susceptibility testing, 17 different antibiotics were sought by agar diffusion 
method. Phenotypic MBL detection was assessed by double disk test and Modified Hodge test for carbapenem resistant isolates.
Results: During the study 40 isolates of ABC were collected. Of which, 23 (57%) isolates were resistant to carbapenems. Phenotypic MBLs 
detection was negative by two methods.
Conclusions: The rates of resistance of the isolated ABCs in our clinical setting were at high level. Though, carbapenems were the most 
efficient antibiotic, but, there was a pronounced rate of resistant. MBL genes were not responsible for carbapenem resistance in under 
study clinical setting.
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1. Background
One of the most important pathogens in nosocomial in-

fections is Acinetobacter baumannii which is rapidly chang-
ing towards multi-drug resistant, especially in critical care 
units, in many regions around the world [1-3]. A. baumannii 
has isolated from different sources including urinary tract 
infections, surgical-site infections, septicemia, meningitis, 
ventilator associated pneumoniae and endocarditis [4-
6]. Resistance to the last-resort antibiotic treatment, car-
bapenems, has reported more and more [7].

Carbapenem resistant A. baumannii (CRAB) is attrib-
uted to various reasons including produce oxacillinas-
es (OXA) and metallo beta lactamases (MBLs), reduced 
expression of outer membrane proteins (29 kDa, 33-36 
kDa) and efficient efflux pumps [7, 8]. Metallo beta lacta-
mases belong to Ambler class B and they differ from oth-
er carbapenemases in having broad substrate profile, 
potential for horizontal transfer and lack of inhibition 
by serine beta lactamases [9, 10]. Besides, they require 
zinc ion as a metal cofactor for carbapenem activ-

ity. This characteristic helps investigators for detecting 
MBL producer bacteria through ethylene-diamin-tetra-
acetic acid (EDTA) inhibition as co-factor inhibitor [11, 
12]. Hospital laboratory needs rapid MBL detection tests, 
while encounter a resistant bacteria. Rapid detection 
methods are widely favorable especially in hospitals 
outbreaks. Therefore, they are of value to investigate in 
medical centers.

Although, polymerase chain reaction (PCR) technique 
is reliable and highly accurate, but instrument setting 
is costly and its accessibility is limited to the reference 
laboratories. Developing countries affected more in this 
issue. Another commercially available method, E-test (by 
AB Biodisk, Solna, Sweden) which consider imipenem in 
one side of strip and imipenem-EDTA in the other side 
is costly and insensitive in detecting most carbapenem 
susceptible MBL-harboring organisms, especially with A. 
baumannii isolates with MIC ≤ 4 [13].

Recently, CLSI has published a method, Modified Hodge 
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test (MHT) in which carbapenemases producing Entero-
bacteriaceae detected. Nevertheless of supporting data 
from this institute for successful detection of carbapen-
emases in non-fermenting isolates such as Acinetobacter 
spp. and Pseudomonas spp., this method used for all car-
bapenemase producing isolates [11].

During 2011, there have been increasing reports of car-
bapenem resistant of A. baumannii isolates, from Afzali-
pur hospital, Kerman.

2. Objectives
Therefore, because of essentiality of detection and erad-

ication of the source of reported isolates, in this study we 
have evaluated the prevalence of MBLs in A. baumannii 
isolated during 2012 by two feasible described methods.

3. Materials and Methods
Bacterial isolates: In this cross sectional study, 40 A. 

baumannii non-replicate isolates gathered during a year, 
2012, from Afzalipur hospital of Kerman. All specimens 
from all hospital wards and specimens from infection 
control program were included in the study. Character-
izations of isolates were based on Gram negative staining 
and motility, routine biochemical reactions and negative 
oxidase activity.

Antibacterial susceptibility testing: All A. baumannii iso-
lates were tested to 14 different antibiotics by Kirby-Bauer 
agar diffusion methods, in accordance with CLSI guide-
lines [11]. Antibiotic disks were purchased from MAST 
brand (MAST, UK) including imipenem, meropenem, 
ceftazidime, cefotaxime, ceftriaxone, cefepime, piper-
acillin, aztreonam, ampicillin-sulbactam, amikacin, to-
bramycin, gentamicin, ciprofloxacin and colistin. E. coli 
ATCC 25922 was tested as negative control.

Phenotypic detection of MBLs: To screen MBL producer 
A. baumannii isolates, imipenem and meropenem resis-
tant isolates were considered for phenotypic detection 
by two methods. Previously described Modified Hodge 
test (MHT) [11] and double disk test (DDT) [12] together 
could cover most of prevalent MBL enzymes detection. 
In the former method which is based on the using of 

chelating agents, at first, isolates inoculated on Müller 
Hinton Agar (Merck, Germany). Then, an imipenem and 
blank disks (MAST, UK) placed on the surface by 10 mm 
(edge to edge). Blank disk moistened with 5 μL of EDTA 
0.5 M and plates incubated overnight at 37ºC. Any clear 
extension of the inhibition zone around the carbapen-
em disk toward the EDTA disk was interpreted as a posi-
tive result. In the prior method, Modified Hodge test, 
that is recommended by CLSI, plate surface inoculated 
by E. coli ATCC 25922. An imipenem disk placed in the 
center and A. baumannii isolates inoculate the plate in a 
line from edge toward center, near the imipenem disk. 
Plates incubated overnight in 37ºC. Any bending at the 
crossing line of E. coli inhibition zone and isolates con-
sidered as positive result. A self-collection VIM producer 
Pseudomonas aeruginosa was used as positive control.

4. Results
Bacterial isolates: As shown in Table 1, 33 out of 40 

(82.5%) of A. baumannii are isolated from tracheal aspi-
rates. Other sources are close in frequency. Table 2 shows 
the frequency of A. baumannii in regard to hospital wards. 
As expected, most of isolates belong to ICU, which show 
the opportunistic potential of this pathogen.

Antibacterial susceptibility testing: Selected antibi-
otics for antibiogram testing were based on common 
treatment [13, 14]. Intermediate susceptibility was con-
sidered as resistant. Table 3 shows the rate of resistance 
in our clinical isolates. Carbapenems are still the most 
effective agents against multidrug resistant A. bauman-
nii. Cephalosporins have no effect in susceptibility test-
ing. Aminoglycosides, tobramycin in case, may have bet-
ter therapeutic effects than cephalosporins. Colistin has 
as the same as result of cephalosporins, but however, 
disk diffusion is not recommended by CLSI for this an-
tibiotic [11].

Phenotypic detection of MBLs: Twenty three out of 40 
isolates (57.5%) were carbapenem resistant A. baumannii 
(CRAB) by the disk diffusion method. Phenotypic screen-
ing for MBL producers were done by 2 methods (MHT and 
DDT) (Figures 1 and 2). None of isolates show MBL produc-
er’s characteristics.

Table 1. Type of Specimens and Related Frequency

Specimen Tracheal 
Culture

Urine 
Culture

Wound 
Culture

Blood 
Culture

Cerebral Spinal 
Fluid

Infection Control 
Isolates

No. (%) 33 (82.5) 2 (5) 1 (2.5) 1 (2.5) 1 (2.5) 2 (5)

Table 2. Hospital Wards and Number of Referred Specimens

Ward ICU Outpatient Orthopedics Internal Burn

No. (%) 35 (87.5) 2 (5) 1 (2.5) 1 (2.5) 1 (2.5)
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Table 3. Antibiotic Susceptibility of Acinetobacter baumanii 
Isolates a,b

Susceptible Resistant

IMI 27 (67.5) 13 (22.5)

MEM 17 (42.5) 23 (57.5)

CAZ 3 (7.5) 37 (92.5)

CTX 2 (5) 38 (95)

CRO 2 (5) 38 (95)

CPM 2 (5) 38 (95)

PRL 2 (5) 38 (95)

ATM 2 (5) 38 (95)

AMP/SUL 4 (10) 36 (90)

AK 3 (7.5) 37 (92.5)

TOB 11 (27.5) 29 (72.5)

GM 3 (7.5) 37 (92.5)

CIP 4 (10) 36 (90)

COL 2 (5) 38 (95)

a  Abbreviations: AK, amikacin; AMP/SUL, ampicillin-sulbactam; ATM, 
aztreonam; CAZ, ceftazidime; CIP, ciprofloxacin; CRO, ceftriaxone; 
COL, Colistin; CPM, cefepime; CTX, cefotaxime; GM, gentamicin; IMI, 
imipenem; MEM, meropenem; PRL, piperacillin;; TOB, tobramycin.
b  Data are presented as No. (%).

Figure 1. Modified Hodge Test

Line 1 is VIM positive P. aeruginosa, as positive control. Lines 2, 3 and 4 are 
clinical carbapenem resistant A. baumannii isolates. The background of 
MHB is inoculated by E. coli ATCC 25922.

Figure 2. Double Disk Test With Negative Result of non-MBL A. baumannii 

Isolate

Blank disk (right) is moistened by 5 μL of 0.5 M EDTA. Disks are arranged 
in 1 cm edge to edge.

5. Discussion
In this study, antibiotic profile and phenotypic detec-

tion of A. baumannii isolates were sought. Susceptibility 
testing showed high level of resistance in our clinical set-
ting, especially those related to cephalosporins as well as 
aminoglycosides. Carbapenems had shown the best effi-
cacy against A. baumannii isolates. In the one hand there 
are highly carbapenem resistant isolates (57.5%), but in 
the other hand no MBL producer isolate detected. These 
findings are in accordance with previously reported data 
from Afzalipur hospital [15] and elsewhere [16, 17]. A re-
port by Asadollahi et al. in burn patient from Tehran re-
vealed complete susceptibility to colistin [18].

More recently, new methods for phenotypic detecting 
carbapenemase producing isolates have been described 
based on expansion of inhibition zone [19, 20]. They have 
used other materials like mercaptoacetate and dipico-
linic acid which shows statistical and practical benefits. 
However, these methods require more studies to be ac-
cepted by laboratories.

Among aminoglycoside, tobramycin had better results 
than gentamicin and amikacin. aminoglycoside modify-
ing enzymes are widely distributed in A. baumannii iso-
lates [21]. A molecular method such as PCR is required to 
seek these enzymes. Besides such enzymes, outer mem-
brane proteins are involved in resistance to aminoglyco-
sides.

According to Table 1, most of isolates are from tracheal 
specimens. The dominant way for spreading bacteria in 
hospitals is from hands of staffs. Physical operation in 
tracheal catheterization is the potential way for transfer-
ring Acinetobacter spp. to the hospitalized patients. Hand 
washing is recommended by the experts to control such 
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spreading [22, 23]. Effective hospital programs to control 
healthcare-associated infections improve treatments 
of patients further to decrease the risk of spreading op-
portunistic bacteria [23]. Besides, economical costs are 
of concern for antimicrobial resistant infections, which 
should be considered as hospital priority.

Nearly all of isolates were resistant to colistin, which 
was not our expectance. For colistin susceptibility evalu-
ation CLSI recommends minimum inhibitory concentra-
tion (MIC) as standard method, however, according to 
funding limitations, this procedure was not available in 
our hands.

CRAB isolates were totally isolated from ICU patients, 
mostly from tracheal aspirates, which is in accordance 
with other reported [6, 24]. A study by Shahcheraghi et 
al. showed similar results, however, they found that MBL 
and ESBL A. baumannii isolates which encode SPM and 
GES types, respectively, in very few number of isolates 
[25]. These data show colonization of CRAB isolates in 
ICU ward. Although, underlying diseases were not con-
sidered in our study, but the most common underlying 
condition in patients were venous and tracheal catheter-
izations. Risk factors for ICU-acquired carbapenem iso-
lates are well-investigated [26]. Surgical operations, pre-
vious carbapenem prescription and the time of ICU stay 
are associated with carbapenem resistance [27]. A typing 
method is required in this case, which is in progress for 
future clonal analysis. Although, carbapenem resistant 
is common phenomenon in A. baumannii isolates, but, 
MBL enzymes are not frequently responsible in case [7]. 
As noted previously, carbapenem resistant A. baumannii 
(CRAB) is ascribed to reasons like producing oxacillinases 
(OXA) and metallo beta lactamases (MBLs), efficient efflux 
pumps and in parts, reduced expression of outer mem-
brane proteins [7, 8].

In conclusion, carbapenem resistance is not due to MBL 
enzymes in our clinical setting. More investigations are 
required to understand resistance profile and clonality 
pattern of A. baumannii isolates.
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