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resistant Acinetobacter baumannii isolated from different
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ABSTRACT

Background: Carbapenems are the drugs of choice for serious hospital-acquired infections and for patients in
intensive care unit affected by multidrug-resistant microorganisms, particularly Acinetobacter baumannii.
Carbapenem-resistant Acinetobacter baumannii (CRAB) poses a significant threat to public health. Aim: The study
aims to focus the distribution of carbapenemase-encoding genes belonging to classes A and B (blaces, blakrc, and
blaNDM) among CRAB isolated from various clinical specimens. Methods: A total of 55 bacterial isolates were
collected from different clinical specimens and underwent identification using Chrom agar and the Vitek 2 compact
(ID) system. The checkerboard technique, modified Hodge test, and Vitek 2 compact (AST) system were employed
to detect CRAB. PCR techniques were used to identify the presence of blages, blakec, and blanom. Results: Of the 55
isolates, 43 (78.1%) were identified as A. baumannii, with 39 (90.6%) of these being CRAB. All CRAB isolates could
produce carbapenemase. The percentages of CRAB isolates possessing blaces, blakec, and blaNDM were 28.2%,
15.4%, and 48.7%, respectively. In contrast, 25%a percentage of non-CRAB isolates possessing blaKPC and blanom
had 25% of each. Conclusion: A high prevalence of CRAB capable of producing carbapenemase and harboring
blaces, blakec, and blanom genes belonging to classes A and B was observed among various infections in Al Najaf
hospitals.
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INTRODUCTION

Acinetobacter baumannii, a Gram negative coccobacilli, undergoing surgical interventions or invasive

is a significant opportunistic pathogen associated with
various hospital-acquired infections, particularly in
immunocompromised individuals and critically ill
patients with predisposing risk factors such as those in
intensive care units, patients on ventilators, and those

procedures, and the presence of indwelling devices
(e.g., catheters, drainage or endotracheal tubes, and
artificial implants) also increases the risk of infection,
although community-acquired cases occur to a lesser
extent.! Carbapenems are considered the primary
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therapeutic choice for combating infections caused by
multidrug-resistant A. baumannii. However, there has
been a notable increase in carbapenem resistance
among clinical A. baumannii strains, particularly in
regions such as Europe, Latin America, Asia, and
Australia.? Infections caused by CRAB have been linked
to prolonged stays in intensive care units (ICUs),
increased healthcare costs, and antibiotic use.?
Furthermore, CRAB is regarded as a significant
pathogen responsible for hospital-acquired infections
(HAIs), raising concerns about the potential for pan-
drug resistance and outbreaks.* Many clinical isolates
of A. baumannii associated with nosocomial infections
exhibit resistance to most major classes of
antimicrobial agents, including aminoglycosides, B-
lactams, and fluoroquinolones. The emergence of
carbapenem-resistant A. baumannii isolates has been
reported globally, with most of these isolates
harboring carbapenem-hydrolyzing R-lactamase genes.
CRAB isolates typically show resistance to commonly
used antibiotics.” They possess multiple virulence
genes that enhance their ability to cause acute
infections in both animals and humans.® Several factors
including the K1 surface antigen protein 1, capsular
polysaccharides, acinetobactin transporters, outer
membrane porins, and iron acquisition mechanisms,
along with acquired antibiotic resistance, have
contributed to the rise of A. baumannii as a prominent
nosocomial pathogen.” Resistance mechanisms,
including antibiotic-hydrolyzing enzymes, efflux pumps,
target modification, and porin deficiency, often work
synergistically. The primary mechanism of carbapenem
resistance in A. baumannii is the inactivation or
enzymatic hydrolysis of carbapenems by
carbapenemases, specifically OXA-type and metallo-B-
lactamases (MBL).® Oxacillinases (OXAs) are the most
common cause of carbapenem resistance in this
species.

The aim of this research is to investigate the
prevalence of carbapenemase-encoding genes
belonging to classes A and B (KPC, GES, NDM) among
CRAB isolated from various clinical specimens.

MATERIALS AND METHODS

Bacterial Isolates

A total of 55 clinical specimens, including sputum,
urine, blood cultures, wounds, and burns, were
collected from microbiological laboratories in four

distinct hospitals located in Al-Najaf Alashraf City
between September 2023 and November 2023. The
specimens were cultured on Blood Agar Base and
MacConkey agar and incubated at 40°C for 24 hours for
the primary isolation of bacterial isolates belonging to
A. baumannii. Suspected bacterial isolates were further
cultured on Chrome agar for purification and primary
identification of A. baumannii and incubated at 37°C
for 24 hours.®

Identification and Antimicrobial Susceptibility Testing
Vitek 2 Compact system was utilized to confirm the
identification of A. baumannii and to determine the
antibiotic susceptibility patterns of the bacterial
isolates.

The Checkerboard Technique for Detection of
Carbapenem Resistance in A. baumannii

The screening for metallo-beta-lactamase (MBL)
production was conducted for all isolates using
imipenem (10 pg) and meropenem (10 pg) discs
(Himedia) via the Kirby Bauer disc diffusion method.
Isolates that yielded positive results in the screening
test were further tested using the Imipenem-EDTA
Combined Disc test to confirm the results.® Briefly,
plates of Muller Hinton Agar (MHA) were inoculated
with the tested bacterial isolates using the lawn culture
technique. An Imipenem disc (10 pg) was placed on the
surface of the inoculated MHA plate, and another disc
containing a mixture of Imipenem and EDTA (the
Imipenem-EDTA disc, 10 ug) was placed 20 mm away
from the first disc. The plates were incubated at 37 2C
for 18-24 hours. The inhibition zone of the Imipenem-
EDTA combination disc was compared with that of the
Imipenem disc alone; if the zone increased by 5 mm,
the isolates were classified as MBL-producing isolates.

The Modified Hodge Test

This method, as described by,*

involved preparing a
bacterial suspension of E. coli 25922 (equivalent to the
0.5 McFarland standard) and using it to inoculate
plates of MHA. An imipenem disk (10 pg, Oxoid) was
placed on the surface of the inoculated MHA plates.
Selected colonies of the tested A. baumannii isolates
(2-5 colonies) were cultured in a linear manner starting
at the periphery of the disk. The plates were incubated
at 35°C for 16 to 20 hours. A carbapenemase-positive
result was indicated by enhanced growth exhibiting a
clover-leaf indentation.
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Polymerase Chain Reactions

DNA extraction of all CRAB and non-CRAB isolates was
performed using boiling methods as previously
described.!? The extracted DNA was stored in TE buffer
at -80°C until use.

Monoplex PCR techniques were employed to detect
blaces, blakec, and blanom using the primer sets listed in
Table 1. The PCR reaction consisted of 25 uL of PCR
Master Mix (2x PCR MIX Tag Polymerase, GOS BIO,
China), 2 pL of each forward and reverse primer (final
concentration of each primer was 10 pM/pL), 4 pL of
DNA template, and the final volume was completed to
50 pL by adding 17 uL of DNase/RNase-free water.
After a brief spin of the PCR mixture, PCR amplification

was performed in a thermocycler (QLS, UK) with an
initial denaturation at 94°C for 3 minutes, followed by
30 cycles of 94°C for 30 seconds, 55.6°C for 30 seconds,
and 72°C for 1 minute; a final extension was performed
at 72°C for 8 minutes. The same PCR amplification
conditions for blakce and blanom were used, except the
annealing temperatures were 56.7°C for 30 seconds
and 50.3°C for 30 seconds, respectively. Agarose gel
electrophoresis was conducted to detect the amplicons
using 1.5% agarose gel stained with 5 pL of 0.5 pg/mL
Ethidium Bromide. Gel electrophoresis was carried out
at 90 Volts/cm for 40min. DNA ladder (100 bp-1500 bp,
GOS BIO, China) was used. A gel documentation system
was employed to photograph the ethidium bromide-

Tablel: The sequences of oligonucleotides used in this study

Bla Genes Sequence 5> 3’
F- ATGCGCTTCATTCACGCAC
blages
R- TATTTGTCCGTGCTCAGGA
F- ATGTCACTGTATCGCCGTCT
blaxec
R- TTACTGCCCGTTGACGCCCA
F- GGCCGTATGAGTGATTGC
blanom
R- GAAGCTGAGCACCGCATTAG
RESULTS

The results of primary identification of A. baumannii
using Chrome agar (Figure 1) and the Vitek 2 compact
system indicated that out of 55 bacterial isolates, 43
(78.1%) were identified as A. baumannii (Figure 2).

The results of the checkerboard technique for detecting
carbapenem resistance in A. baumannii showed that 39
(91%) isolates were CRAB, as indicated by the
occurrence of an inhibition zone around the imipenem-
EDTA disc compared to the imipenem disc alone (Figure
3), while 4 (9%) isolates were non-CRAB. Additionally,
the results of the Modified Hodge Test revealed that all
CRAB isolates exhibited the ability to produce
carbapenemase (Figure 4).

Genetic Detection of bla Genes

The results of agarose gel electrophoresis of amplicons
from the amplification of blaGES, blaKPC, and blaNDM
indicated that out of 39 CRAB isolates, 11 (28.2%),11

stained agarose gel (Cleaver, UK).13
Size (bp) Reference
863 (14)
881
(15)
825

(28.2) 6 (15.4%), and 19 (48.7%) isolates were carrying
these genes, respectively, as evidenced by the
appearance of amplicons with molecular weights of 863
bp, 881 bp, and 825 bp (Figures 5, 6, and 7). In contrast,
only 1(25%) isolate of non-CRAB possessed blaKPC, and
1 (25%) isolate possessed blaNDM (Table 2).

On the other hand, the genetic pattern of bla genes
among CRAB and non-CRAB isolates showed a low
percentage of distribution of bla genes among isolates,
with a higher percentage of distribution occurring in
isolates harboring blaGES and blaNDM, followed by
isolates possessing blakKPC and blaNDM, which were
12.8% (5 isolates) and 7.7% (3 isolates), respectively. No
non-CRAB isolates possessed more than one bla gene
(Table 3).
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Figure 1: the morphological characters of Acinobacter baumannii on Figure 3: Detection of carbapenem resistance of Acinobacter
chrome agar media baumannii using checkerboard technique
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Figure 2: The percentage of Acinobacter baumannii isolated from Figure 4: The modified Hodge test of carbapenemase producing
different clinical specimens Acinobacter baumannii

Table 2: The percentage of Acinetobacter baumannii isolates carrying bla genes

No. (%) of isolates that carry:

Bacteria Total No. of Isolates
blaces blakec blanom
Carbapenem Resistance
39 11(28.20) 6(15.4) 19 (48.7)
A. baumannii
Non-Carbapenem Resistance
4 0(0.0) 1(25)1(25)1 (25) 1(25)

A. baumannii
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Figure 6: Agarose gel electrophoresis of blakec (881 bp) in Acinobacter

Figure 5: Agarose gel electrophoresis of blages (863 bp) in
baumannii isolates

Acinobacter baumannii isolates
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Figure 7: Agarose gel electrophoresis of blanom (863 bp) in Acinobacter
baumannii isolates

Table 3: The percentage of bla gene patterns in A. baumannii

NO.(%) of isolates that possess

Total No.
Bacteria blaGES and blages and blakpcand One bla gene
All bla genes
blakec blanom blanom onIy
Carbapenem Resistance
39 0(0) 0(0) 5(12.8) 3(7.7) 28(71.8)
A. baumannii
Non-Carbapenem Resistance
4 0(0) 0(0) 0(0) 0(0) 1(25)

A. baumannii
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DISCUSSION

Infections caused by Acinetobacter baumannii present
a significant challenge for clinicians and infection-
control practitioners worldwide due to the organism's
ability to thrive in the harsh environments of ICUs,
where there is substantial selection pressure from
antibiotics and disinfectants. This pathogen has been
associated with greater resistance to antibiotics and
higher mortality rates among bacteremic patients
compared to other genomic species.'®

Several virulence factors and environmental
persistence mechanisms contribute to its extensive
antimicrobial resistance and rapid acquisition of
antimicrobial-resistance  genes  (17). Enzymatic
hydrolysis by carbapenemases is the most common
mechanism of carbapenem resistance in A. baumannii,
particularly OXA-type and metallo-B-lactamases (MBL).
Other mechanisms associated with carbapenem
resistance in A. baumannii include alterations in
penicillin-binding proteins due to downregulation,

which results in decreased drug affinity.'®

CONCLUSIONS

A high prevalence of CRAB capable of producing
carbapenemase and harboring blaces, blakec, and
blaNDM genes belonging to classes A and B was
observed among various infections in Al najaf
hospitals.
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