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ABSTRACT

Background: Acinetobacter species are commonly found in nature, in water, and in soil, and also,
and they have been isolated from humans and animals. In the hospital setting, Acinetobacter
species has emerged as a major opportunistic pathogen, being able to colonize and develop
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infections in patients. In Acinetobacter species, B-lactamases and outer membrane alterations are
likely to function together to impart resistance. Understanding the epidemiology, and resistance
mechanism, and for infection management and preventing a potential global health crisis,
techniques for identifying Carbapenem-Resistant-Acinetobacter species are essential.

Aim: To detect Metallo B-Lactamase (MBL) in Acinetobacter species with their antimicrobial
susceptibility pattern.

Material and Methods: 100 Acinetobacter species isolates from various clinical samples such as
blood, cerebrospinal fluid, sputum, bronchoalveolar lavage, pus, urine, wound swab, and body
fluids were included in the study. Phenotypic tests such as, Disc Potentiation test & Modified Hodge
test were used to detect the presence of Metallo B-lactamase in imipenem & meropenem-resistant
isolates.

Results: The highest prevalence of Acinetobacter was found in blood (37%), followed by sputum
(81%) and others [pus, urine, ascitic fluid, cerebrospinal fluid (CSF), bronchoalveolar Lavage
(BAL), and pleural fluid]. A maximum number of Acinetobacter were isolated from MICU followed
by medicine and surgery. The Modified Hodge test yielded the largest percentage of MBL-positive
Acinetobacter isolates (67.26%) when compared to the Disc Potentiation test method (50.45%).
Conclusion: Early detection of Metallo B-lactamase production is essential for planning
appropriate treatment according to the resistance mechanisms of the multi-drug resistant strains,
as well as for efficient infection control procedures to prevent the spread of infection.

Keywords: Acinetobacter specie; metallo B-lactamase; antibiotic resistance; disc potentiation test

(DPT); Modified Hodge Test (MHT).
1. INTRODUCTION septicemia, and other conditions in the intensive
care unit (ICU). It also causes infections in other

Acinetobacter species are non-fastidious, strict
aerobe, gram-negative coccibacilli, oxidase-
negative, catalase-positive, non-fermentative,
and non-motile [1-3]. Acinetobacter species are
commonly found in nature, in water, and in soil
and also, and they have been isolated from
animals. In humans, they are found to reside on
the mucous membrane, skin, and also
sometimes the membrane of the intestinal tract
[3,4]. They are usually plumpy, and small,
measuring 1.0-1.5 um by 1.5-2.5 pum in diameter
[5-8]. More than 50 species in the Acinetobacter
genus, the Acinetobacter baumanni complex
(Acinetobacter nosocomialis, Acinetobacter pitti,
and Acinetobacter baumanni) are the most
clinically important ones. But sometimes they
develop into more coccoid form, usually present
in pairs or long chains of variable duration [5]. It
has led to many hospital outbreaks in the past
years due to its ability to survive in the hospital
environment and stay long on surfaces. In recent
years, it has been labelled as a “red alert” human
pathogen, expressing problems among the
medical fraternity due to its wide range of
antibiotic resistance [6].

In the hospital setting, Acinetobacter baumannii
has emerged as a major opportunistic pathogen,
being able to colonize and develop infections in
patients with ventilator-associated pneumonia,
secondary meningitis, urinary tract infection,

immune-compromised individuals, including burn
patients [7].

Infections  with  Acinetobacter  baumanni,
particularly Carbapenem-Resistant Acinetobacter
baumannii (CRAB), because of their high case
rates, mortality, and morbidity, are of public
health concern worldwide. According to
the World Health Organization (WHO),
carbapenemresistant Acinetobacter baumannii
has high rates globally in the target list of
antibiotic-resistant bacteria, as a vital priority
pathogen to drive drug research and
development [8]. Owing to the widespread use of
B-lactam antimicrobials, bacterial resistance has
increased and is now a significant threat to the
continued use of antibiotic therapy [9]. The
objective of this study is to enhance the clinical
management of patients suffering from infections
and detection of metallo B-lactamase which in
turn  will also provide us with relevant
epidemiological details.

2. MATERIALS AND METHODS

This cross-sectional prospective study was
conducted in the department of microbiology,
MGM Medical college & hospital, Navi Mumbai,
India from July 2019 to January 2021.

Sample size 100 Acinetobacter species isolates
from various clinical samples such as blood,
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cerebrospinal fluid, sputum, bronchoalveolar
lavage, pus, urine, wound swab, and body fluids
were included in the study. Samples received
from age group below 18 years were excluded.
Antibiotic Susceptibility  testing of all
Acinetobacter species isolated was carried out
by the Modified Kirby Bauer Disc diffusion
technique by using Mueller Hinton Agar
(MHA) plates according to clinical and
laboratory standard institute (CLSI) guidelines
2020 [10].

2.1 Test for
Detection

2.1.1 Disc Potentiation Test (DPT) [11]

Metallo B-lactamase

The standard suspension of test isolate was
inoculated on Mueller Hinton Agar (MHA) plate.
A 0.5M solution of EDTA was prepared by
dissolving 186.1gm of disodium EDTA 2H20 in
1000ml of distilled water and pH was adjusted to
8.0 by using NaOH. The mixture was sterilized
by autoclaving. Two 10ug Meropenem discs and
Imipenem discs were placed 20mm apart from
center to center onto MHA plate. To one disc of
Imipenem and Meropenem each, 5ul of 0.5M
EDTA was added. The zone of inhibition of
Meropenem and Meropenem/EDTA discs and
Imipenem and Imipenem/EDTA discs were
compared after 16-18 hours of incubation at
35°C. An increase in the zone of inhibition at
least by 7 mm with Meropenem/EDTA discs and
Imipenem/EDTA disc than Meropenem and
Imipenem alone respectively was considered as
MBL positive [as shown in Fig. 1].

2.1.2 Modified Hodge Test (MHT) [11]

A 0.5 McFarland dilution of the Escherichia coli
ATCC 25922 in 5 ml of broth or saline was
prepared. In the Mueller Hinton agar (MHA)
plate, 1:10 dilution was streaked as a lawn. In the
center of the test region, a 10 g Imipenem disc
was placed, the test organism was streaked in a
straight line from the disc edge to the plate edge,
and it was then kept in a bacteriological
incubator at 35°C for 24-48 hours. The
appearance of the enhanced ATCC E. coli
25922 growth along the test organism, which
showed a cloverleaf-like indentation, which
indicated a positive test, was used to detect the
production of carbapenemase [as shown in
Fig. 2].

3. RESULTS

A total 100 isolates of Acinetobacter species
collected from various clinical samples of

patients admitted and also out door patients
(OPD) were included in the study. Clinical
samples were from all the clinical areas of the
hospital. Samples received from age group
below 18 vyears were excluded from the
study.

All isolates were non-duplicate and identified by
conventional methods.

3.1 Demographic Distribution

Age and sex-wise distribution of 100 strains of
Acinetobacter species in various clinical samples
is shown in Table 1. The maximum number of
Acinetobacter species were isolated from male
patients (79%) in both age groups as compared
to the female population (21%). The highest
prevalence of Acinetobacter was found in Blood
(837%), followed by Sputum (31%) and others
(Pus, Urine, Ascetic Fluid, CSF, BAL and Pleural
Fluid).

3.2 Antimicrobial Susceptibility Profile

All the 100 isolates of Acinetobacter species
were subjected to antimicrobial susceptibility
testing (AST) by using first line antibiotics to
identify the multi-drug resistant strains. Table 2
shows the resistance pattern of Acinetobacter
species, revealing that 88% of Acinetobacter
species were resistant to Augmentin (AMC),
followed by followed by Nitrofurantoin (82%),
Tobramycin (68%), Cefotaxime, and Piperacillin
(67%).

62 isolates of Acinetobacter species were found
to be resistant to three or more antibiotic groups
and considered as multi-drug resistant
Acinetobacter species, which were further
subjected to AST by using second line antibiotics
as shown in Table 3. In the second-line
antibiotics, Acinetobacter species were found to

be highly resistant to Ticarcillin/ Clavulanic
acid (61, 98.38%), followed by
Piperacillin/Tazobactam (59, 95.16%),

Meropenem (57, 91.19%) and Imipenem (56,
90.32%).

3.2.1 Phenotypic detection of metallo B-
lactamase  (MBL) production in
acinetobacter species

The phenotypic detection of Metallo 3-lactamase
(MBL) was done on those isolates of
Acinetobacter species which were resistant to
Imipenem (56) and Meropenem (57). Disc
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Potentiation test (DPT) and Modified Hodge test
(MHT) were used for the phenotypic detection of
MBL. Table 4 shows the proportion of MBL in
imipenem and meropenem resistant strains of
Acinetobacter species. The highest percentage
of MBL-positive Acinetobacter isolates were
given by the MMH.T (67.26%) method as
compared to D.P.T (50.45%) method.

3.3 Result Summary

The study analyzed 100 non-duplicate
Acinetobacter isolates from clinical samples of

patients aged 18 and above. Most isolates were
from male patients (79%) and were most
commonly found in blood (37%) and sputum
(31%) samples. Antimicrobial susceptibility
testing revealed high resistance rates to first-line
antibiotics, with 88% resistant to Augmentin and
82% to Nitrofurantoin. Additionally, 62 isolates
were multi-drug resistant (MDR), showing
significant resistance to second-line antibiotics
such as Ticarcillin/Clavulanic acid (98.38%) and
Piperacillin/Tazobactam (95.16%). Phenotypic
detection of Metallo B-lactamase (MBL) among
Imipenem and Meropenem-resistant strains

Table 1. Age-wise and sex-wise distribution of acinetobacter species in all the clinical samples

Samples 18-50 Age 51 & above Isolates
Male Female Male Female of Acinetobacter

Blood 12 10 12 3 37

Sputum 9 2 16 4 31

Pus 13 1 4 0 18

Urine 3 0 5 1 9

Ascitic Fluid 0 0 2 0 2

Cerebrospinal Fluid (CSF) 1 0 0 0 1

Pleural Fluid 0 0 1 0 1

Broncho alveolar Lavage (BAL) 1 0 0 0 1

Table 2. Antibiotics (first line antibiotics)

Antibiotic Concentration (mcg) Sensitive  Intermediate  Resistant
Amoxyclav (AMC) 20/ 10 mcg 10 2 88
Nitrofurantoin (NIT) 300 mcg 10 8 82
Tobramycin (TOB) 10 mcg 31 1 68
Cefotaxime (CTX) 30 mcg 30 3 67
Piperacillin (PI) 100 mcg 24 9 67
Amikacin (AK) 30 mcg 34 0 66
Ceftazidime (CAZ) 30 mcg 36 0 64
Gentamicin (GEN) 10 mcg 30 7 63
Trimethoprim- sulfamethoxazole 23.75/ 1.25 mcg 30 9 61
(COoT)
Ciprofloxacin (CIP) 5 mcg 34 10 56
Levofloxacin (LE) 5 mcg 64 0 36
Tetracycline (TE) 30 mcg 73 3 24
Table 3. Antibiotics (second line antibiotics)
Antibiotics Concentration(mcg) Sensitive  Intermediate  Resistant
Ticarcillin/ Clavulanic acid (TCC) 75/10 mcg 0 1 61
Piperacillin/ Tazobactam (PIT) 100/ 10 mcg 3 0 59
Meropenem (MRP) 10 mcg 3 2 57
Aztreonam (AT) 30 mcg 2 3 57
Imipenem (IPM) 10 mcg 5 1 56
Cefepime (CPM) 30 mcg 4 2 56
Tigecycline (TGC) 15 mcg 41 11 10
Levofloxacin (LE) 5 mcg 54 2 6
Colistin (CL) 25 mcg 58 0 4
Polymyxin B (PB) 300 units 60 0 2
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indicated that the Modified Hodge Test (MHT)
identified a higher proportion of MBL-positive
isolates  (Imipenem: 66.07%, Meropenem:
68.42%) compared to the Disc Potentiation Test
(DPT) (both around 50%). This highlights a
significant challenge in treating Acinetobacter
infections due to the high prevalence of
resistance to both first and second-line antibiotics
and the presence of MBL producers.

4. DISCUSSION

During the study period of July 2019 to January
2021, 100 samples of Acinetobacter species was
isolated from all the body fluids which were
included in this study. Some of the studies and
their findings are presented in Table 5.

Blood had the highest prevalence of
Acinetobacter species accounting for 37%,
followed by Sputum (31%), Pus (18%), Urine
(9%), and Other body fluids (1%). Our study is
comparable with the study conducted in 2010 in
which the highest prevalence was also
found in blood (47%) [12]. In controversy, in a
study done by M. Hajjar etal, the sputum
sample had the highest prevalence (43%)
[13].

Fig. 1. Disc Potentiation Test (DPT) positive
for Metallo B-Lactamase (MBL)

Fig. 2. Modified hodge test for Metallo B-
Lactamase (MBL) production

In our study, when tested the antimicrobial
susceptibility of the Acinetobacter species it was
revealed that the Acinetobacter showed 88%
resistance to Augmentin (AMC), which was
followed by Tobramycin (68%). On the other
hand, the Acinetobacter species showed the
highest sensitivity to Tetracycline (TE) with a
percentage of 68%. In the second-line antibiotics,
the highest degree of resistance was found to be
98.38% for Ticarcillin/ Clavulanic acid (TCC) and
Piperacillin/ Tazobactam (PIT). On the other
hand, the highest sensitivity was found against
Polymyxin B (PB) with 96.77% followed by
93.5% to Colistin (CL), 87.09% to Levofloxacin
(LE), and 66.12% to Tigecycline (TGC). Another
study done by Dr. S. Das, et.al, [14] presented
the Antimicrobial Susceptibility Pattern which
showed 100% susceptibility to Colistin, followed
by 75% to Aztreonam and 65% sensitivity to
Imipenem and Meropenem. Along with this, it
was also found that the lowest sensitivity was
towards Ceftazidime (21.7%). Our present study
is comparable with the study done by M. Hajjar,
etal [13] in which according to Antibiotic
Susceptibility Testing, 95% of Acinetobacter
species were resistant to Cefoxitin, 87% were
resistant to Ciprofloxacin, 86% resistant to
Trimethoprim-sulfamethoxazole and Piperacillin-
tazobactam, 83% were resistant to Cefotaxime,
81% to Ceftazidime and 80% to Gentamicin.
Also, 78% of the isolates of Acinetobacter
species were resistant to Imipenem and 84% to
Meropenem. There was only 1 isolate that was
resistant to Colistin. In another study done in the
year 2018 by A. Kaur, et.al, [15], most of the
antibiotics examined demonstrated high levels of
resistance in Acinetobacter baumannii isolates.
Acinetobacter baumannii strains were found to
be resistant to Ceftazidime in 96.6% of cases,
Cefepime in 94.8% of cases, Imipenem in 60.3%
of cases and Meropenem in 68.1% of cases.
However, Polymyxin B has a susceptibility of
96.5% and Colistin has a susceptibility of 97.4%.

In the present study, two age groups were
considered to analyze their distribution. In this
study, it was found that the species of
Acinetobacter were widely distributed in the age
group of 1850 (52%) as compared to 51 and
above (48%). The other study done in the year
2020 by S.K. Yadav, et.al, [16], included various
age groups in their study. In their study, the
highest distribution of Acinetobacter species was
in the age group of 16-32 years (23.6%) followed
by = 65 years (22.4%), < 15 years (19.8%), 33-
48 years (18.7%) and 49-64 years (15.5%). The
other study done in the vyear 2018
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Table 4. Metallo B-lactamase production by different methods among the imipenem and
meropenem resistant Acinetobacter spp

Antibiotics Disc Potentiation Test (DPT) Modified Hodge Test (MHT)
Positive Negative Positive Negative
Imipenem (n=56) 28 28 37 19
Meropenem (n=57) 29 28 39 18
Table 5. Various studies and their sample-wise distribution
Sample Present S.K. Dr. S M A.Rezaei,e F Sahcher aghi,
Study Yadav, Das, et.al Hajjar, et.al t.al, et al [12]
et.al [16] [14] [13] [20]
Blood 37% 6.2% 13.3% 5% 3% 47%
Sputum 31% - 3% 43% 3% 10%
Pus 18% 27.3% 38.3% 21% 9% 12%
Urine 9% 6.8% 15% 10% - 7%
Other 5% - 19% -
Body
Fluids
Catheter - - 2% 1.2%
Tips
Medical - 20% - -
Devices
by V. Rebic, et.al, [17], studied the distribution of 66.07% by MHT. Whereas, out of 57

Acinetobacter species in three age groups. The
ratio of isolates was higher in the over 60 years
age group (p= 0.763). In the present study, it was
discovered that the isolates of Acinetobacter
species were more in males (79%) as compared
to females (21%). Acinetobacter infections were
more frequent in males (54.20 %) as compared
to females (45.80 %). In the present study, the
growth of Acinetobacter isolates in blood was
more in the age group of 18-50 with males (12)
and females (10), which was followed by sputum
in which the highest number of isolates were
found from the age group of 51 and above with
males (16) and females (4). In the pus sample
the maximum number of Acinetobacter was
isolated from the age group of 18-50 in which
males were 13 and female was 1. In the urine
sample, the highest isolates were found in the
age group of 51 and above with males (5) and
female (1).

The present study was conducted on 100
isolates of Acinetobacter species, to detect the
prevalence of MBL. The production of MBL was
carried out on those isolates that were resistant
to Meropenem (57) and Imipenem (56). MBL was
detected with the help of 2 methods- Disc
Potentiation Test (DPT) and Modified Hodge
Test (MHT). 56 Imipenem resistant Acinetobacter
isolates showed 50% positivity by DPT and

Meropenem-resistant  Acinetobacter  species
isolates, 50.87% were positive by DPT and
68.42% by MHT. In a study done by Zahra
Moulana, et.al [18], in the year 2020, the use of
DDST was one of the more effective techniques
for the detection of Ambler class B MBL
production with a high rate of positivity, according
to the results of several studies. The results from
the MHT showed that 84% of A.baumannii
isolates were carbapenemase producers.
Besides that, their study showed the lowest
positivity rate (30%) by the DDST method. Our
study is comparable with the study done in the
year 2019 by Mittal N, et.al. [19] in which 292
(76.8%) isolates were likely MBL producers with
only 72 (19%) confirmed as MBL producers.

5. CONCLUSIONS

The maximum number of Acinetobacter species
was isolated from the age group 18-50 years as
compared to the age group of 50 & above. The
present study showed that Males had
predominance over Females (4:1) in both age
groups in all the samples. According to the
present study, the Acinetobacter species showed
the highest percentage of resistance to
Augmentin (AMC) (88%), which was followed by
Nitrofurantoin (NIT) (82%). On the other hand,
the Acinetobacter species showed the highest
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susceptibility to Tetracycline (TE) (73%). In the
second line of antibiotics, the highest degree of
resistance was found to be for both Ticarcillin/
Clavulanic acid (TCC) and Piperacillin/
Tazobactam (PIT) i.e., 98.38%. On the other
hand, the highest susceptibility was found
against Polymyxin B (PB) (96.77%) followed by
Colistin  (CL) (93.5%), Levofloxacin (LE)
(87.09%), and Tigecycline (TGC) (66.12%). The
highest percentage of MBL-positive
Acinetobacter isolates were given by the M.H.T
(67.26%) method as compared to D.P.T
(50.45%) method. The potential spread of these
multi-drug resistant strains may be stopped by
the early detection of MBL-producing
Acinetobacter species. To find MBL producers,
active monitoring is required. In district health
laboratories or other locations lacking
access to molecular diagnostic tools, the
phenotypic tests described in the current
research can be used to quickly identify these
types of resistance.

6. LIMITATIONS

The lack of PCR analysis for the verification of
phenotypical techniques constitutes one of the
study's limitations. It was a uni-center study so
our findings cannot be generalized to the entire
region.
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including their antimicrobial resistance
pattern.

CONSENT AND ETHICAL APPROVAL

The approval of the Institutional Ethics
Committee (N-EC/2019/SC/07/97) IRB name (Dr.
Ipsheeta Ray & Dr. Sarita Sahani) and the
written consent was obtained from all the
patients.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Almaghrabi M, Joseph M, Assiry M, Hamid
M. Multidrug-ResistantAcinetobacter
baumannii: An Emerging Health Threat in
Aseer Region, Kingdom of Saudi Arabia.
Canadian Journal of Infectious Diseases
and Medical Microbiology. 2018;2018:1-4.
Available:https://doi.org/10.1155/2018/918
2747

2. Mathai A, Oberoi A, Madhavan S, Kaur P.
Acinetobacter infections in a tertiary level
intensive care unit in northern India:
Epidemiology, clinical profiles, and
outcomes. Journal of Infection and Public
Health. 2012;5(2):145-152.
Available:https://doi.org/10.1016/j.jiph.201
1.12.002

3. Lazim AJ, Al-Jumaili EFA. Production,
Purification and Characterization of f-
Lactamase from Clinical Isolate of
Acinetobacter baumannii A7. Indian J. of
Forensic Medicine & Toxicology. 2021;15
(3):1893-1900.

4, Manchanda V, Sinha S, Singh N. Multidrug
resistant acinetobacter. Journal of Global
Infectious Diseases. 2010;2(3):291.
Available:https://doi.org/10.4103/0974-
777X.68538

5. Almasaudi S. Acinetobacter spp. as
nosocomial pathogens: Epidemiology and
resistance features. Saudi Journal of
Biological Sciences. 2018;25(3):586-596.
https://doi.org/10.1016/j.sjbs.2016.02.009

6. Peleg A, Seifert H, Paterson D.
Acinetobacter baumannii: Emergence of a
Successful Pathogen. Clinical Microbiology
Reviews. 2008;21(3):538-582.
Available:https://doi.org/10.1128/CMR.000
58-07

7. Gupta V. Coexistence of Extended
Spectrum Beta-Lactamases, AmpC Beta-
Lactamases and Metallo-Beta-Lactamases
in Acinetobacter baumannii from burns
patients: A report from a tertiary care
center of India. Ann Burns Fire Disasters.
2013;26(4):189-192.
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC3978590/

8. Ayobami O, Willrich N,
et.al, The
prevalence of

Harder T,
incidence and
hospital-acquired

154


https://doi.org/10.1155/2018/9182747
https://doi.org/10.1155/2018/9182747
https://doi.org/10.1155/2018/9182747
https://doi.org/10.1016/j.jiph.2011.12.002
https://doi.org/10.1016/j.jiph.2011.12.002
https://doi.org/10.1016/j.jiph.2011.12.002
https://doi.org/10.4103/0974-777X.68538
https://doi.org/10.4103/0974-777X.68538
https://doi.org/10.4103/0974-777X.68538
https://doi.org/10.4103/0974-777X.68538
https://doi.org/10.4103/0974-777X.68538
https://doi.org/10.1128/CMR.00058-07
https://doi.org/10.1128/CMR.00058-07
https://doi.org/10.1128/CMR.00058-07
https://doi.org/10.1128/CMR.00058-07
https://doi.org/10.1128/CMR.00058-07
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3978590/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3978590/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3978590/

10.

11.

12.

13.

14.

Rajguru et al.; J. Pharm. Res. Int., vol. 36, no. 7, pp. 148-155, 2024; Article no.JPRI.119008

(carbapenem-resistant) Acinetobacter
baumannii in Europe, Eastern
Mediterranean, and Africa: a systematic

review and meta-analysis. Emerging
Microbes & Infections. 2019;8(1):1747-
1759.

Available:https://doi.org/10.1080/22221751
.2019.1698273

Palzkill T. Metallo-B-lactamase structure
and function. Annals of the New York
Academy of Sciences. 2012;1277(1):91-
104.
Available:https://doi.org/10.4103/0974-
2727.129082

CLsl, Performance  Standards  for
Antimicrobial Disk Susceptibility Test. 13t
ed. CLSI standard M02. Wayne, PA:
Clinical and Laboratory Standards
Institute. 2018:46-49.

Umadevi, Sivaraman, Detection of
extended spectrum beta lactamases,
ampc beta lactamases and
metallobetalactamases in clinical isolates
of ceftazidime resistant Pseudomonas
Aeruginosa. Brazilian journal of
microbiology : [publication of the Brazilian
Society for Microbiology] 2011:42(4):1284-
8.

Shahcheraghi F, Abbasalipour M, Akbari
N,et.al, P24.09 Study of beta-lactamases
in clinical Acinetobacter isolates from
Tehran, Iran. Journal of Hospital Infection.
2010;76:S70.
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC3279807/

Hajjar Soudeiha M, Dahdouh E, Daoud Z,
et.al, Phenotypic and genotypic detection
of Blactamases in Acinetobacter spp.
isolates recovered from Lebanese patients
over a l-year period. Journal of Global
Antimicrobial Resistance. 2018;12:107-
112.
Available:https://doi.org/10.1016/j.jgar.201
7.09.016

Das S, Basak S. Acinetobacter baumanii
complex and its beta-
lactamase production: are we moving
towards pre-antibiotic era? Int J Health Sci
Res.

15.

16.

17.

18.

19.

20.

Rebic V, Masic N, Teskeredzic S, et.al.
The Importance of Acinetobacter Species
in the Hospital ~ Environment.  Medical
Archives. 2018;72(3):330.
Available:https://doi.org/10.5455/medarh.2
018.72.330-334

Yadav S, Bhujel R, Hamal P, Mishra
S,et.al., Burden of Multidrug-Resistant
Acinetobacter baumannii  Infection in
Hospitalized Patients in a Tertiary Care
Hospital of Nepal. Infection and Drug
Resistance. 2020;13:725-732
Available:https://doi.org/10.2147/IDR.S239
514

Kaur A, Singh S. Prevalence of Extended
Spectrum Betalactamase (ESBL) and
Metallobetalactamase (MBL) Producing
Pseudomonas aeruginosa and
Acinetobacter baumannii Isolated from
Various Clinical Samples. Journal of
Pathogens. 2018;1-7.
Available:https://doi.org/10.1155/2018/684
5985

Moulana Z, Babazadeh A, Eslamdost
Z.et.al, Phenotypic and  genotypic
detection of metallo-beta-lactamases in
Carbapenem-resistant Acinetobacter
baumannii. Caspian Journal of Internal
Medicine. 2020;11(2):171-176.
Available:10.22088/cjim.11.2.171.
32509245; PMCID: PMC7265521.
Mittal N, Chhina D, Gupta U. Incidence of
ESBL, AmpC R-lactamases and Metallo
Blactamase  producing  Acinetobacter
baumannii in intensive care units of a
tertiary care hospital from north India.
International Journal of Research in Health
Sciences. 2019;7(1):9-13.
Available:http://www.ijrhs.org/

Rezaei A, Fazeli H, Halaji M,et.al.
Prevalence of metallo-beta-lactamase
producing Acinetobacter baumanii isolated
from intensive care unit in tertiary care unit
in tertiary care hospitals. Department of
Microbiology, School of Medicine, Isfahan
University of Medical Sciences, Iran.
2018;30:330-336.
Available:https://doi.org/10.7416/ai.2018.2
224

PMID:

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/119008

155


https://doi.org/10.1080/22221751.2019.1698273
https://doi.org/10.1080/22221751.2019.1698273
https://doi.org/10.1080/22221751.2019.1698273
https://doi.org/10.1080/22221751.2019.1698273
https://doi.org/10.4103/0974-2727.129082
https://doi.org/10.4103/0974-2727.129082
https://doi.org/10.4103/0974-2727.129082
https://doi.org/10.4103/0974-2727.129082
https://doi.org/10.4103/0974-2727.129082
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279807/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279807/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279807/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279807/
https://doi.org/10.1016/j.jgar.2017.09.016
https://doi.org/10.1016/j.jgar.2017.09.016
https://doi.org/10.1016/j.jgar.2017.09.016
https://doi.org/10.5455/medarh.2018.72.330-334
https://doi.org/10.5455/medarh.2018.72.330-334
https://doi.org/10.5455/medarh.2018.72.330-334
https://doi.org/10.5455/medarh.2018.72.330-334
https://doi.org/10.5455/medarh.2018.72.330-334
https://doi.org/10.2147/IDR.S239514
https://doi.org/10.2147/IDR.S239514
https://doi.org/10.2147/IDR.S239514
https://doi.org/10.1155/2018/6845985
https://doi.org/10.1155/2018/6845985
https://doi.org/10.1155/2018/6845985
http://www.ijrhs.org/
http://www.ijrhs.org/
https://doi.org/10.7416/ai.2018.2224
https://doi.org/10.7416/ai.2018.2224
https://doi.org/10.7416/ai.2018.2224
https://www.sdiarticle5.com/review-history/119008

