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Abstract

ackground: Acinetobacter baumannii is major cause of ventilator associated pneumoniae (VAP) as it is
Ban opportunistic nosocomial organism. The current study was to find out the antibiotic resistance

pattern of Acinetobacter baumannii, its phenotype and the genetic characterization of Metallo-B-
Lactamase (MBL) genes that are responsible for carbapenem resistance.

Methods: One hundred and fifty Carbapenem resistant Acinetobacter baumannii (CRAB) specimens were
isolated and PCR amplification of organism specific bla-OXA-51gene was performed and antibiotic
susceptibility was checked. Phenotypic susceptibility analysis was performed by Modified Hodge Test (MHT)
and Imipenem-EDTA Double Disc Synergy Test (IMP-EDTA DDST). The carbapenemases and MBL producing
genes were amplified by PCR.

Results: CRAB showed high resistance against piperacillin/tazobactam (99.3%), cefepime and ceftazidime
(99.3% each), amikacin (91.3%), ciprofloxacin (96.7%) and levofloxacin (96.7%). Only one isolate showed
resistance to colistin. The isolates positive for both MHT and DDST (n=70) were further characterized to
detect metallo-p-lactamase genes. Molecular characterization revealed the presence of bla-OXA-51 gene in
all tested isolates (100%) followed by b/a-VIM 89%, bla-OXA-23 64%, respectively and so on. Few genes
coexisted with each other including b/a VIM, bla OXA 23, bla OXA 51 and blaNDM-1. None of the isolate was
found positive for b/a-IMP gene.

Conclusion: It is concluded that CRAB isolates exhibited a high rate of resistance towards antimicrobials
because of the presence of drug hydrolyzing enzymes, carbapenemases and MBLs. This is among the rare
study reported recently indicating CRAB isolates co-harboring many resistant genes are very difficult to treat.
There is a dire need to develop novel antibiotics against resistant A. baumannii to minimize its prevalence.
Moreover, it is recommended that colistin treatment in the clinical settings should be continuously
monitored in order to prevent the development of resistance.
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Introduction

Acinetobacter species are universal, free-living bacilli
found in sewage, soil, water and contaminated food [1].
Acinetobacter are gram negative coccobacilli, non-
motile, glucose non-fermenter, non-fastidious,
catalase positive and oxidase negative. The genus
contains pathogenic species causing significant
nosocomial infections [2]. Acinetobacter baumannii (A.
baumannii) has the ability to survive in the low-moist
environment and also to develop resistance against
antimicrobials [3]. Scientific literature highlights the
Acinetobacter as principal pathogen of hospital
acquired infections however, fewer reports also
document infections in general populations [4,5].
Prolonged hospitalization, venous catheters, nursing
home residence, and an impaired immune system are
some risk factors for A. baumannii infection [6]. It
causes infections like pneumonia, wound sepsis,
septicemia, urinary tract infections, endocarditis
meningitis and endocarditis [7].

ESKAPE bacterial pathogens are the notorious critters
known for their difficult to treat properties. They are S.
aureus, E. faecium, K. pneumoniae, A. baumannii, P.
aeruginosa, and Enterobacteriaceae  family. These
bacteria have a higher risk of developing antimicrobial
resistance. Among this ESKAPE group, A. baumannii is
the worst to treat due to its unique antibiotic resistance
pattern[8]. A. baumannii isolates are becoming more
resistant to many antimicrobials, including beta-
lactams, aminoglycosides, and fluoroquinolones posing
serious public health concerns [9]. Carbapenem is an
antibiotic of class of B-lactam and is the recent resort
therapeutics for the control of bacterial infections
particularly, associated with A. baumanniil0]. In
recent years, the reports suggested the increase in
resistance of A. baumannii strains to carbapenem.
Carbapenems are the drugs to treat these infections
[11]. High mortality rate (50%) associated to
carbapenem resistant bacteria has been reported [12].
Carbapenemase is one of the most frequent enzymes
reported in carbapenem resistant A. baumanniil3].
Carbapenem resistance in A. baumannii is because of
the production of class B, C and D carbapenemases
[14,15]. Due to the production of OXA-type
carbapenemase and Metallop-Lactamases (MBLs) most
Acinetobacter spp. develop the carbapenem resistance
[16,17]. Among OXA-type carbapenemases bla OXA-23
like, bla OXA-40 like, bla OXA-58 like and h/a OXA-51
like are commonly reported, while b/a OXA-51 like B-
Lactamase is used for species identification and is
intrinsically resistant to A. baumannii [18,19]. Various
metallo-B-lactamase genes such as IMP, VIM, SPM,
KPC, OXA, and NDM have been reported in A.
baumannii conferring AMR to carbapenems [13].
Antimicrobial resistance is a major threat in developing

countries leading to greater number of treatment
failure in nosocomial infections[20]. By 2050,
antimicrobial resistance is expected to cause 10 million
deaths if the current situation continues [21].

Keeping in consideration the antimicrobial resistance
and a raised level of nosocomial infections, in current
study antibiotic resistance pattern, phenotypic
characterization and Molecular identification, and
sequencing of carbapenemase producing genes b/a IMP,
bla VIM, bla OXA 23 and bla OXA 21, bla OXA 51, bia
OXA 58 and NDM-1 from CRAB were studied.

Methods

The study was jointly conducted by Institute of
Microbiology, University of Veterinary and Animal
Sciences, (UVAS) Lahore, Pakistan and Institute of
molecular biology and biotechnology department of
University of Lahore (UOL). Strains of A. baumannii
were collected from various pathological laboratories
and tertiary care hospitals in Lahore including
Chughtai Institute of Pathology from April 2021 to
April 2022. The design of the study was approved by
the ethical review committee of University of Lahore
(UOL).

Isolation of A. baumannii

A total of 150 Carbapenem resistant A. baumannii
strains were isolated from various clinical specimens
including blood, pus, wound swabs, sputum,
tracheostomy swabs, tracheal secretions, cerebrospinal
fluid, CVP tip, bronchoalveolar lavage, drain fluid, and
tissues.

Identification of A. baumannii

At initial, isolates were cultured on blood agar medium
and MacConkey agar and were incubated at 37°C for 24-
48 hours. Different biochemical tests like Gram
staining, catalase test, oxidase test and Analytical
Profile Index (API) were performed for identification
purpose [22, 24].

Antibiotic resistance patterns of Carbapenem resistant
Acinetobacter baumannii determination

Antibiotic susceptibility testing of A. baumannii was
checked by Kirby Bauer Disc Diffusion method as
mentioned by CLSI [25]. Antibiotic discs contained
cefepime (30 pg), ceftazidime (30 pg), Imipenem (10
1g), Meropenem (10 pg), Amikacin (30 pg), Gentamicin
(10 pg), Tobramycin (10 pg), Doxycycline (30 pg),
Ciprofloxacin (5 ug), Levofloxacin (5 pug), Trimethoprim
sulphate (25 pg). They were placed onto the MHA plate
and incubated at 37°C for 24 hours. After 24 hours
zones of inhibition around antibiotic discs were
evaluated and declared as sensitive, intermediate and
resistant as per the guidelines of clinical and laboratory
institute (CLSI). The antibiotic susceptivity testing of
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colistin was carried out by Minimum Inhibitory
Concentration (MIC) by broth microdilution method as
per Clinical Laboratory Standard Institute CLSI using
Muller Hinton Broth [26].

Phenotypic assays for the determining B-lactamases
(Carbapenemases & Metallo-B-Lactamase)

The detection of Carbapenemase producing A.
baumannii was performed by Modified Hodge test as
mentioned earlier by Amjad et al [27]. According to
them ATCC Escherichia coli 25922 equivalents to 0.5
McFarland was swabbed on Muller Hinton Agar. In the
center of plate disc of meropenem 10 pg was placed.
From the edge of the antibiotic disc to the edge of the
plate the test organism was streaked and the incubated
at 37°C for 24 hours. MHT positive test showed a clover
leaf like indentation of Escherichia coli 25922 growing
along the test organism growth streak within the disk
diffusion zone after 24 hours.

The identification of Metallo-B-Lactamase producing
A. baumanniiwas carried out by IPM-EDTA double disc
synergy test according to a study done by Young el al
[28]. Inoculum equivalent to 0.5 McFarland of A.
baumannii was swabbed onto Muller Hinton Agar. A 10
pug of imipenem disc and a sterile b/ank disc were
placed 10 mm apart from edge to edge. As a control
another imipenem disc was placed far. A volume of 10
uL of 0.5M EDTA solution was put in to the b/ank disc.
After overnight incubation, the established zone
diameter difference of > 7 mm between imipenem disk
and imipenem plus EDTA will be interpreted as EDTA
synergy positive.

Molecular ientification of Carbapenem resistance
determinants

By PCR using gene specific primers for bla OXA-23, bla
OXA-51, bla OXA-24, bla OXA-58, bla IMP, bla VIM
and bla NDM-1 gene as shown in table 1. The
characterization of Carbapenemase & MBL encoding
genes in A. baumannii was performed. The primers
were synthesized on order by Macrogen, Inc., Seoul
Korea. Multiplex PCR was performed for b/a-OXA
genes. PCR conditions for b/a-OXA genes and MBL
encoding genes (bla IMP, blaVIM and bla NDM-1) were
set as usual.

Sequencing analysis

Sequencing of amplified samples (bla OXA-23, bla
OXA-24, bla OXA51, bla OXA-58, hlaNDM-1, bia VIM)
was done by services of Advance Biosciences
International (ABI) Company. Sequences were analyzed
by Chromas software and then got confirmed with the
help of Basic Local Alignment Search Tool (BLAST).
Nucleotide sequences were submitted to the Gen Bank
for their accession numbers.

Gene Primer Sequence Reference

bla OXA-23 Forward [29]
GATCGGATTGGAGAACCAGA
Reverse
ATTTCTGACCGCATTTCCAT

bla OXA-51 Forward [29]
TAATGCTTTGATCGGCCTTG
Reverse

TGGATTGCACTTCATCTTGG

bla OXA-24 Forward [29]
GGTTAGTTGGCCCCCTTAAA
Reverse

AGTTGAGCGAAAAGGGGATT

bla OXA-58 Forward [29]
AAGTATTGGGGCTTGTGCTG
Reverse

CCCCTCTGCGCTCTACATAC

blaIMP Forward [30]
GGAATAGAGTGGCTTAAYTCTC
Reverse
GGTTTAAYAAAACAACCACC

blaVIM Forward [30]
GATGGTGTTTGGTCGCATA
Reverse
CGAATGCGCAGCACCAG

NDM-1 Forward [31]
GGG CAG TCG CTT CCA ACG GT
Reverse

GTA GTG CTC AGT GTC GGC AT

Table 1: Gene and respective primers.

Statistical analysis

The clinical analysis of data was done by using SPSS,
version 26. To find any possible association between
demographic variables, specimens, isolates,
antimicrobial resistance and genome of CRAB Chi-
square or fisher exact test were used.

Results

Identification and isolation of A. baumannii

One hundred and fifty Carbapenem resistant A.
baumannii  (CRAB)  exhibiting the following
morphological characteristics: Gram-negative short
coccobacillus on gram staining, non-motile, non-
pigmented, mucoid and domed shaped colonies on
chocolate and blood agar, non-lactose fermenting
colonies over MacConkey, were isolated. They appeared
to be catalase positive and oxidase negative. A.
baumannii were also identified by API 20 E. Further
confirmation was done by presence of h/a OXA 51 gene
in the isolates.

Prevalence of CRAB from different wards

Out of 150 isolates, highest prevalence was observed
from Medical ICU (28%) followed by Surgical ICU (18%),
Surgical wards (16.6%) Pediatric ICU (16.6%), Medical
ward (15.3%), and lowest was observed from Pediatric
ward (5.3%).

Prevalence of CRAB from different specimens

The maximum percentage of CRAB were isolated from
tracheal secretions (24.7%), followed by pus (20.00%),
blood (16.00%), wound swab (14.7%), sputum (10.00%),
tracheostomy swab (4.70%), CSF (4.00%), alveolar
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lavage (2.00%), tissue samples (1.30%) and minimum
percentage from bronchial washings (0.70%), pleural
fluid (0.70%), drain fluid (0.70%) and CVP tip(0.70%)
respectively Figure 1.

Sample Distribution among deifferent Specimens
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Figure 1: Frequency of A. baumannii from various types of
clinical samples from tertiary care hospital.

Prevalence of CRAB from different age groups

The maximum percentage of CRAB isolates were
obtained from the patients of 21 to 40 years of age
group (34.00%) followed by 41 to 60 years of age group
(28.00%) and the minimum percentage of isolates were
isolated from less than 01 years (11.33%) and 01 to 20
years age group (11.33%) respectively.

Frequency of CRAB from gender

The maximum percentage of CRAB were isolated from
males (60.66%) as compared to females (39.33%)
respectively.

Antibiotic resistance pattern

Out of 150 CRAB isolates, highest level of resistance
was found in piperacillin-tazobactam (99.30%),
cefepime (99.30%), ceftazidime (99.30%), Ciprofloxacin
(96.7%), levofloxacin (96.7%), amikacin (91.3%),
gentamicin (88.7%), tobramycin (62%), trimethoprim-
sulfamethoxazole (82.7%) and doxycycline (67.3%).
Amongst all antibiotics only colistin (0.7%) showed
better activity against CRAB respectively (Figure 2). All
clinical isolates were found resistant to most antibiotic
groups and were considered multi drug resistant.

Findings of Sensitivity testing

#Resistant
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o 8 5 &8 8 8 ¥ 8 8
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Figure 2: Frequency of antibiotic susceptibility testing of A.
baumannii isolates

Phenotypic characterization of metallo- B-Lactamase
production and carbapenemase

All  the isolates (n=150) were characterized
phenotypically for production of Carbapenemase by
Modified Hodge Test (MHT). The maximum number of
isolates 143 (95%) were positive for Carbapenemase
production. By double disc synergy test (DDST) the
detection of metallo-B-Lactamase producing A.
baumannii was. Out of 150 isolates, 74 (49%) were
positive for metallo-B-Lactamase production.

Molecular characterization of Metallo B-Lactamase
gene

The isolates that were positive for Modified Hodge Test
as well as IPM-EDTA double disc synergy test (n=70)
were proceeded further for the genetic characterization
of carbapenem resistant genes. The MBL genes bla
NDM-1, bla OXA-23, bla OXA-24, bla OXA-51, bia
OXA-58, bla VIM and bla IMP were amplified by using
gene specific primers as seen in Figure 3.

Figure 3: Molecular Characterization of Metallo-Beta-Lactamase
genes in A. baumannii using gene specific primers. (A)
Amplification of bla-OXA genes by multiplex PCR, (B) PCR
Amplification of bla-NDM-1 and bla-VIM genes.

Number of Positive Genes

70,(100%

45, (04%)

XSS 7,00%)

NOMI )

LTI I

Number

Figure 4: Frequency of Metallo-f-Lactamase genes,
characterized from A. baumannii isolates in this study.

bla OXA 51 gene had the maximum rate of
amplification and exhibited positive amplification for
all 70 samples followed by bla VIM (62/70) 89%, bla
OXA-23 (45/70) 64%, bia OXA-58 (7/70) 10%, bla NDM-
1 (6/70) 8.5% and bla OXA-24 (2/70) 2.8%. None of the
isolate was positive for b/a IMP gene as shown in Figure
4. Furthermore, these genes coexisted with each other
in combinations as well. The most common
combination was a 3 gene combination in 38(54%)
isolates harboring b/a VIM, bla OXA 23 and b/a OXA 51
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genes. A combination of 4 genes occurred
simultaneously in 3 (4%) isolates having bla VIM, bla
OXA 23, bla OXA 51 and b/a NDM-1 as shown in Figure
5.

COMBINATION OF GENES

Single

Combination of 2 genes  Gene

OxA-510nly [_] 4,(6%)

OXAS1+VIM [ 12,(17%)
OXA-51+0xA-23 [] 2,(3%)

OXA514NDM 1 [] 1,(1%)

OXA-51+VIM+0XA-23 | 38, (54%)

OXA-51+VIM+OXAS8 [ 5,(7%)
OXA-51+0XA-58+NDM-1 [] 1,(1%)

OXA-51+VIM+NDM-1 u 1, (1%)

Combination of 3 genes

OXA-51+VIM+OXA-24 [] 1,(1%)
OXA-S14VIVHNDM-1+0XA-23 [ 3, (4%)
OXA-514VIM+OXA-23+0XA-24 [] 1,(1%)

OXA-51+VIM+OXA-23+0xa-58 [] 1,(1%)

Combination of 4 genes

0 5 10 15 20 25 30 35 40

Figure 5: Distribution of multiple Metallo-B-Lactamase genes
characterized from A. baumannii isolates in this study.

Discussion

B-Lactam antibiotics have been among the most
effective medications used to treat bacterial infections
in humans over past 60 years. Acinetobacter has
developed as a significant disease class, posing ongoing
hazards and problems to the global health care system
[32-34]. In A. baumannii resistance to B-Lactams
specially carbapenems and cephalosporins has been
excessively seen globally and this is also the case in
Pakistan.

The present study showed a high resistance pattern of
different antibiotics towards carbapenem resistant A.
baumannii isolated from various clinical specimens
which revealed that our results are coinciding with the
previous study in Egypt (98%), Greece (96.9%) and
India (100%) [35-37]. The present study illustrates the
prevalence of MBL producing A. baumannii 74/150
(49.3%) that is consistent with previous studies from
Pakistan as well as from other countries. A similar
study from Lahore, Pakistan reported that 63/112
(56.25%) of A. baumannii were MBL producers [38]. A
study conducted in Iran showed a high prevalence

incidence of MBL producing A. baumannii have been
reported as 77% in 2019 in China [40]

In the present study b/a OXA-51 was most prevailing
70/70(100%), followed by bla-VIM 62/70 (88%), bia-
OXA 23 45/70 (64%), bla-OXA 58 7/70 (10%), bla NDM-
1 6/70 (8.5%) and bla OXA-24 2/70 (2.8%). In this study
None of isolate was positive for h/la IMP gene. A study
in Spain showed a 100% prevalence of h/a OXA-51 in A.
baumanniiwhich is similar to our study [41].

In our study, these carbapenem resistant genes
coexisted with each other in combinations as well. The
most common combination was a 3 gene combination
in 38(54%) isolates harboring b/a VIM, bla OXA 23 and
bla OXA 51 genes together. Majority of A. baumannii
isolates were co-producers of class B and D
carbapenemases harboring b/a IMP, bla OXA 23 and bla
NDM-1 in a study conducted in India [42]. Similar
studies were previously reported in different countries
[43-45]. In the current study a rise in resistance is seen
among the A. baumannii isolates that is a major public
health concern. As, the majority of isolates showed
susceptibility to colistin indicating that colistin could
play possible role in the control and treatment of
carbapenem resistant A. baumannii [46)].

This study possesses several shortcomings as well.
The study was only done in Lahore, and the sample size
was quite small. It is highly recommended that this
research should be conducted on a broader scale and in
other clinical settings throughout the country to obtain
more of a valid susceptibility pattern against MDR and
XDR A. baumannii, which will assist in controlling the
transmission of infections that is caused by this deadly
organism and will also be helpful for managing
infectious diseases in a better way.

It is concluded that CRAB is major threat in hospitals
of Pakistan and isolates exhibited a high rate of
resistance to antimicrobials because of the presence of
drug hydrolyzing enzymes, carbapenemases and MBLs.
We also found out, »/aOXA-24, blaOXA-58, bla OXA-
51, bla OXA-23, bla NDM-1 & bla VIM, genes had not
been widely reported in Pakistan.This study further
concluded, CRAB isolates, co-harboring many resistant
genes are very difficult to treat. There is a dire need to
invent new antibiotics against resistant A. baumannii
for reduction of its prevalence. Moreover, in order to
prevent the development of resistance it is highly
recommended that colistin treatment in the clinical
settings should be continuously  monitored.
Understanding of genetic characterization and
molecular epidemiology of A. baumannii to devise
strategies for prevention and control of MDR infections
are also necessary.

86/108 (86.86%) of MBL producing carbapenem Author Contributions
resistant A. baumannii [39]. In Asian countries the
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