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Abstract

Introduction: Acinetobacter baumannii (A. baumannii) is a major cause of hospital-acquired infections and frequently harbors antibiotic-
resistance genes that complicate treatment. Rapid identification and resistance gene detection are essential for effective antibiotic use and
infection control. This study developed a multiplex polymerase chain reaction (PCR) assay to identify A. baumannii and detect key p-lactam
resistance genes for clinical isolates.

Methodology: The assay targeted the recd gene and the 16S-23S ribosomal RNA internal transcribed spacer region for A. baumannii
identification. In addition, five f-lactamase genes (blaoxa-si-iike, ampC, blacrx-m, blatem, and blasuv) were targeted. Antimicrobial susceptibility
testing and phenotypic extended-spectrum beta-lactamase detection were performed to confirm resistance profiles.

Results: Of the 49 Acinetobacter isolates, 46 were identified as 4. baumannii by multiplex PCR. All 46 isolates contained ampC, and 45
harbored blaoxa-si-ike. blatem was detected in 34 isolates, whereas blactx-mand blasnv were absent. Phenotypic tests showed general agreement
with the PCR results. High resistance rates were observed for multiple antibiotic classes, including carbapenems, cephalosporins, and
aminoglycosides.

Conclusions: The multiplex PCR assay developed here provides a rapid and reliable method for 4. baumannii identification and resistance
gene detection, outperforming conventional methods in terms of speed and accuracy. The high resistance rates observed highlight the urgent

need for effective diagnostic tools and infection control strategies to combat multidrug-resistant 4. baumannii.
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Introduction

Acinetobacter baumannii (A. baumannii) has
emerged as a significant global health concern,
particularly in hospital-acquired infections [1]. This
Gram-negative bacterium has garnered attention not
only because of its increasing prevalence but also
because of its remarkable ability to acquire antibiotic
resistance mechanisms [2]. Of particular concern is the
organism’s capacity to produce enzymes that hydrolyze
novel antibiotics, including carbapenems, which are
often considered drugs of last resort [3].

A. baumannii has emerged as a formidable
nosocomial pathogen characterized by its remarkable
ability to persist in hospital environments through
desiccation resistance, biocide tolerance, and minimal
nutritional requirements [4]. The global prevalence of
carbapenem-resistant A. baumannii (CRAB) strains has
risen dramatically, with some regions reporting

resistance rates exceeding 50% [5]. Statistics from the
United States indicate a 78% increase in hospital-onset
A. baumannii infections between 2019 and 2020,
whereas studies from Italy have documented alarming
surges in CRAB colonization and infection rates,
particularly in coronavirus disease 2019 (COVID-19)
intensive care units [6]. These trends underscore the
urgent need for rapid and accurate diagnostic tools for
the identification of A. baumannii and the detection of
B-lactam resistance genes in clinical isolates for timely
and effective patient management, infection control,
and antimicrobial stewardship in the face of this
increasingly resistant pathogen.

In Vietnam, the prevalence of multidrug-resistant 4.
baumannii has increased, particularly in hospitals
where the burden of healthcare-associated infections is
high [7]. This study aimed to fill an important gap in
our understanding of local resistance patterns and their
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potential impact on public health, providing valuable
insight into the regional relevance of A. baumannii
resistance in Southern Vietnam.

The rapid spread of antibiotic resistance in A.
baumannii has sparked debate within the scientific
community regarding the most effective approaches for
the identification and characterization of resistant
strains. Although traditional microbiological methods,
such as biochemical and antimicrobial susceptibility
assays, remain the gold standards, they are time-
consuming and may delay critical treatment decisions
[8,9]. This has led to increased interest in molecular
techniques, particularly multiplex polymerase chain
reaction (PCR), which offers the potential for
simultaneous bacterial identification and the detection
of antibiotic-resistance genes [10,11].

However, there is an ongoing discussion about
which genetic markers are most appropriate for these
purposes. Some researchers have advocated the use of
the conserved recA gene for A. baumannii
identification, whereas others have focused on the
species-specific 16S-23S ribosomal RNA (rRNA)
internal transcribed spacer (ITS) region [12,13].
Similarly, the relative importance of different [-
lactamase genes in conferring clinically relevant
resistance remains a subject of investigation [2].

This study aimed to address these knowledge gaps
by developing and validating a multiplex PCR assay for
the rapid identification of A. baumannii and the
detection of key B-lactam resistance genes. We focused
on the blaoxa-si-ike gene (associated with carbapenem
resistance); ampC gene (linked to cephalosporin
resistance); and three genes encoding extended-
spectrum B-lactamases (ESBL): blactxm, blatem, and
blasuv. This study provided a comprehensive molecular
profile of clinical A. baumannii isolates, which may
contribute to more rapid and informed antibiotic
prescription practices, potentially improving patient
outcomes and slowing the spread of antibiotic
resistance.

Methodology
Study design and duration

This cross-sectional study was designed to examine
the molecular characteristics and antibiotic resistance
profiles of Acinetobacter spp. isolates obtained from
respiratory samples. The study was conducted from
January 2023 to December 2023, during which bacterial
isolates were collected from Binh Duong General
Hospital in Vietnam and subjected to molecular and
phenotypic analysis.
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Bacterial strains

A total of 49 Acinetobacter spp. isolates were
included in this study. These isolates were primarily
obtained from bronchial fluid samples collected from
Binh Duong General Hospital, Vietnam. The isolates
were previously identified as Acinetobacter spp. using
standard biochemical tests conducted at the hospital’s
microbiology laboratory. For this study, the isolates
were cultured in Tryptic Soy Broth (TSB; Merck
KGaA, Darmstadt, Germany) and streaked onto
MacConkey Agar (MCA; Merck KGaA, Darmstadt,
Germany) to isolate colonies for subsequent analysis
via colony PCR.

Sample size justification

The sample size of 49 isolates was based on the
availability of Acinetobacter spp. strains from the
hospital’s collection during the study period. No formal
statistical power calculation was performed, but the
sample size was sufficient to allow for meaningful
molecular analysis and the detection of antibiotic
resistance patterns within the scope of the study. Given
the variability in the prevalence of resistant strains in
clinical settings, this sample size was deemed adequate
for the intended molecular and phenotypic analyses.

Rapid detection of A. baumannii using multiplex PCR
(RD-PCR)

Multiplex PCR was used to identify Acinetobacter
spp. at the genus level, specifically A. baumannii. The
conserved recA gene (425 bp) was targeted for genus
identification, whereas the species-specific ITS region
of'the 16S-23S rRNA gene (208 bp) was used to identify
A. baumannii. The primers used in these PCR assays are
detailed in Supplementary Table 1.

The use of recA as a genus marker was selected due
to its highly conserved nature across Acinetobacter
species, allowing for reliable genus-level identification
[14]. The ITS region was selected for species-specific
identification of A. baumannii because of its distinct
variability, making it an effective marker for
differentiating 4. baumannii from other Acinetobacter
species in clinical isolates [12].

The RD-PCR reaction mixture (25 pL total volume)
consisted of: 2.5 uL PCR buffer (10X), 1.0 pL each of
dNTPs (10 mM), 4.0 uL. MgSO4 (25 mM), 1.0 puL each
of primers (10 uM), 0.1 uL. Tag DNA polymerase (5.0
U/ul), 1.0 pL bacterial suspension (one colony
suspended in 20 pL. TSB medium), and nuclease-free
water. PCR amplification was performed using a
Labnet MultiGene™ OptiMax thermal cycler (Labnet
International, Edison, USA) with the following
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conditions: initial denaturation (94°C for 3 minutes);
followed by 30 cycles of denaturation (94°C for 30
seconds), annealing (51°C for 30 seconds), and
extension (72°C for 45 seconds); and final extension
(72°C for 5 minutes). The PCR products were analyzed
by electrophoresis on 1% agarose gels (Sigma-Aldrich,
St. Louis, MO, USA) containing SafeView (ABM Inc.,
Richmond, BC, Canada). Gel visualization was
performed using a Gel Documentation System WGD-
30 (DAIHAN Scientific, Wonju-si, Gangwon-do,
South Korea). Bacillus subtilis (B. subtilis) strain PY79
was used as the negative control.

Detection of p-lactamase genes in A. baumannii by
multiplex PCR (B-PCR)

To detect B-lactamase genes in A4. baumannii,
multiplex PCR was performed to target the blaoxa-si-like
gene along with primers for the ACI-5 and ACI-6
regions. The blaoxa-siike gene was chosen as the
primary marker for carbapenem resistance because it is
widely recognized as a hallmark of carbapenem
resistance in 4. baumannii [15]. The presence of this
gene strongly correlates with imipenem resistance,
making it an ideal marker for assessing carbapenem
resistance in clinical isolates [16]. The ACI5-ACI6
primers were included to confirm species identity and
provide a more robust diagnostic approach
(Supplementary Table 1).

The B-PCR reaction mixture (25 pL total volume)
contained: 2.5 uL PCR buffer (10X), 1.0 puL each of
dNTPs (10 mM), 4.0 uL. MgSO4 (25 mM), 1.0 pL each
of blaoxa-siiike primers and ACI5-ACI6 primers (10
uM), 0.5 pL Tag DNA polymerase (5.0 U/uL), 1.0 pL
bacterial suspension, and nuclease-free water. The PCR
conditions were as follows: initial denaturation (94°C
for 3 minutes); 30 cycles of denaturation (94°C for 1
minute), annealing (47°C for 1 minute), and extension
(72°C for 1 minute); and final extension (72°C for 5
minutes). The PCR products were analyzed by
electrophoresis on 1% agarose gels (Sigma-Aldrich, St.
Louis, MO, USA). Nuclease-free water was used as a
negative control.

Detection of ESBL genes in A. baumannii by multiplex
PCR (E-PCR)

ESBL genes were detected using multiplex PCR
targeting blargm, blasny, and blacrxm genes. The
blatem, blasuv, and blacrx-m genes were selected as
markers for ESBL production because they are the most
commonly identified ESBL genes in A. baumannii [17].
The presence of these genes is associated with
resistance to extended-spectrum cephalosporins, which
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are often used as first-line treatments for infections
caused by 4. baumannii [18].

The E-PCR reaction mixture (25 pL total volume)
included: 2.5 pL. PCR buffer (10X); 1.0 puL each of
dNTPs (10 mM); 1.0 uL. each of TEM, SHV, and CTX-
M primers (10 uM); 0.2 uL Tag DNA polymerase (5.0
U/uL); 3.0 uL bacterial suspension; and nuclease-free
water. The PCR conditions consisted of: initial
denaturation (94°C for 3 minutes); 30 cycles of
denaturation (94°C for 30 seconds), annealing (55°C
for 1 minute), and extension (72°C for 1 minute); and
final extension (72°C for 5 minutes). The PCR products
were analyzed by electrophoresis on 1% agarose gels
(Sigma-Aldrich, St. Louis, MO, USA). Nuclease-free
water served as the negative control.

In vitro antibiotic susceptibility testing

A. baumannii colonies were suspended in 0.85%
NaCl to achieve a 0.5 McFarland standard (1-3 x 10®
CFU/mL). This suspension was then diluted 100-fold to
achieve a final concentration of 10¢ CFU/mL, which
was spread evenly onto Mueller-Hinton Agar (MHA;
Merck KGaA, Darmstadt, Germany).

Antibiotic susceptibility was determined using the
disk diffusion method. The antibiotic discs used in this
study included: imipenem (10 pg), cefepime (30 pg),
cefotaxime (30 pg), amikacin (30 pg), colistin (10 pg),
levofloxacin (5 pg), and doxycycline (30 ug). The
plates were incubated at 37°C for 24 hours in ambient
air. The inhibition zone diameters were measured using
an electronic vernier caliper (Insize 1112-200, Suzhou,
China). Blank paper disks served as negative controls.
The results were interpreted according to the Clinical
and Laboratory Standards Institute (CLSI) M100-Ed34
guidelines [19].

Rigorous quality control procedures were
implemented following the CLSI guidelines to ensure
the accuracy and reliability of the antibiotic
susceptibility test results. The control strains, including
Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, and Staphylococcus aureus
ATCC 29213, were included in each batch of tests.
These strains were tested concurrently with the study
isolates to validate the performance of the antimicrobial
agents and the integrity of the disk diffusion method.

The key quality control measures included:

(i) Inoculum density: The bacterial suspensions of
control strains were 0.5 McFarland standard, ensuring
uniform inoculum concentrations.

(i1) Antibiotic discs: Antibiotic discs were obtained
from reputable suppliers and were stored according to
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Figure 1. Multiplex PCR analyses of Acinetobacter baumannii and Bacillus subtilis.

5333 4145 5247 5270 5197 4246 5378 5308 5370

1Kb Plus

5249 5377 4154 5199 Bacillus Ladder

=425 bp (recA gene)

=208 bp (ITS fragment)

Lane 1-14: A. baumannii clinical isolates; Lane 15: B. subtilis (negative control); Lane 16: DNA ladder.

the manufacturer’s instructions to preserve their
activity.

(i) Incubation conditions: The plates were
incubated at 37°C for 18-24 hours in ambient air, with
the temperature monitored to ensure accurate testing
conditions.

(iv) Interpretation of results: The inhibition zone
diameters of control strains were compared against
CLSI-established standards. Deviations from the
accepted ranges prompted a review of the testing
procedure and equipment calibration to ensure that the
results were valid.

The accuracy of the antibiotic susceptibility testing
was ensured by following these quality control
protocols, and reliable data were obtained for the A.
baumannii isolates.

Phenotypic detection of ESBL production using a
combined disc test

Phenotypic detection of ESBL production in A.
baumannii isolates was performed using the combined
disc test method. Antibiotic discs (Nam Khoa Biotek,
Ho Chi Minh City, Vietnam) were used both alone and
in combination (Supplementary Table 2). The results
were evaluated according to the criteria for ESBL
production based on the observed synergistic effects of
the discs.

Results
Detection of A. baumannii using multiplex PCR

Of the 49 Acinetobacter spp. isolates subjected to
multiplex PCR, 46 (93.9%) yielded two PCR products:
~425 bp (recA gene) and ~208 bp (/65-23S rRNA
fragment), confirming their identity as 4. baumannii.
The remaining three isolates (5333, 4246, 5378)

Figure 2. Detection of B-lactamase genes in Acinetobacter baumannii isolates.

Ladder Negative control 5370 2123

1 Kb Plus a b a b a b a

825 bp (bla ,,, 5,k 9ENE)
663 bp (ampC gene)

425 bp (recA gene)

208 bp (ITS gene)

(a) recA gene and ITS fragment amplification; (b) blaoxa.s; and ampC gene amplification. Sample 5370 contains only ampC.
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Figure 3. PCR amplification of the blarem gene in Acinetobacter baumannii isolates.

100 bp

100 bp

Ladder NC () 1991 1667 1905 1738 1670 1692 1729 1951 1554 2146 Ladder 2074 2063 2147 2072 2008 2123 4145 5199

NC (-): negative control.

produced only the rec4d gene product (425 bp),
indicating that they belonged to the genus
Acinetobacter, but not A. baumannii (Figure 1). These
results corroborated the biochemical identification
using the IVD NK-IDS 14 GNR commercial kit (Nam
Khoa Biotech, Ho Chi Minh City, Vietnam). The
colony PCR technique employed in this study expedited
the diagnostic process by eliminating the need for DNA
extraction.

Multiplex PCR analysis revealed that 45 out of 46
A. baumannii isolates (97.8%) harbored both the
blaoxa-si-ike (~825 bp) and ampC (~663 bp) genes,
conferring  resistance to  carbapenems  and
cephalosporins, respectively. One isolate (5370)
contained only ampC. The presence of ampC in all 46
isolates indicated potential resistance to cephalosporin
antibiotics (Figure 2).

ESBL gene detection in A. baumannii

The blarem gene was detected in 34 of 46 A.
baumannii isolates (73.9%). Notably, neither blacrx-m
nor blasuy genes were identified in any isolate (Figure
3).

== 800 bp
bla,., gene

In vitro antibiotic susceptibility testing

Antibiotic susceptibility testing was performed on
all 46 A. baumannii isolates using seven antibiotics that
are commonly used for infection: imipenem, cefepime,
cefotaxime, amikacin, colistin, levofloxacin, and
doxycycline. Table 1, Figures 4 and 5 present the
inhibition zone diameters of 10 representative samples
(4145, 5199, 5308, 5249, 5370, 5247, 5270, 4154,
5197, and 5377).

Phenotypic detection of ESBL production

The cefotaxime-clavulanic acid (CEFOCLA)
method identified two isolates (2146 and 1672) as
ESBL-positive. The cefotaxime-sulbactam
(CEFOSUL) method was unsuitable for ESBL
phenotype identification because of the absence of
inhibition zones in most isolates. Seven isolates (5377,
5197, 5249, 5199, 2146, 1692, 1672) were identified as
ESBL-positive when MHA containing 200 pg/mL
cloxacillin.

The cefotaxime-clavulanic acid-boronic acid
(CEFO-CLA-BO) method detected ESBL production
in 40 of 46 isolates (87%). Of these, 34 isolates

Table 1. Antibiotic susceptibility profiles of Acinetobacter baumannii isolates.

Isolates Im (mm) Cm (mm) Ct (mm)
(IZD/REF) (IZD/REF) (IZD/REF)
4145 R (9/<18) R (12/<14) R (7<14)
5199 R (8/<18) R (8/<14) R (7<14)
5308 R (8/<18) R (8<14) R (7<14)
5249 R (8/<18) R (8/<14) R (7<14)
5370 S (28/>22) S (22/>18) 1(18/15-22)
5247 R (8/<18) R (12/<14) R (7/<14)
5270 R (10/<18) R (10/<14) R (7/<14)
4154 R (8/<18) R (11/<£14) R (7/<14)
5197 R (9/<18) R (10/<14) R (7/<14)
5377 R (7£18) R (9<£14) R (7/<14)

Antibiotic

Ak (mm) Co (mm)* Lv (mm) Dx (mm)
(IZD/REF) (IZD/REF) (IZD/REF) (IZD/REF)
R (7/<14) S (12/>11) R (7/<13) S (15/>13)
R (7/<14) S(11/~=11) R (7/£13) S (15/>13)
R (7/<14) S(11/=11) R (7/<13) S (14/>13)
R (14/<14) S (11/~11) R (7/<13) S (16/>13)
S (23/217) S(11/~=11) R (12/<13) S (13/~13)
R (7/<14) S (12/>11) R (7/<13) S (16/>13)
1(15/15-16) S (14/>11) R (7/<13) S (19/>13)
R (7/£14) S(11/~=11) R (7/£13) S (14/>13)
R (7<14) S(11/=11) R (7/<13) S (15/>13)
R (7<£14) S (12/>11) R (7£13) S (15/>13)

1ZD: inhibition zone diameter; REF: reference inhibition zone diameter for A. baumannii according to the Clinical and Laboratory Standards Institute (CLSI);
Im: imipenem; Cm: cefepime; Ct: cefotaxime; Ak: amikacin; Co: colistin; Lv: levofloxacin; Dx: doxycycline; R: resistant; S: susceptible; I: intermediate. Colistin
disc diffusion results are presented only for preliminary screening. According to updated CLSI guidelines, the determination of minimum inhibitory concentration
(MIC) is recommended for definitive colistin susceptibility testing. Colistin results were not included in the final analysis because of poor disc diffusion.
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Figure 4. Antibiotic susceptibility profiles of Acinetobacter baumannii isolates 4145, 5197, and 5377.

Isolate 4145

possessed the blatem gene, whereas none possessed the
blasuv or blactx-m genes. The presence of ampC in all
isolates necessitated the use of boronic acid in the
CEFO-CLA-BO method to inactivate the ampC -
lactamase enzyme, which is not inhibited by clavulanic
acid or sulbactam.

Discussion

This study provides valuable insights into the
antibiotic resistance patterns and genetic characteristics
of A. baumannii isolates from Binh Duong General
Hospital, Vietnam. Our findings highlight the alarming
prevalence of multidrug-resistant A. baumannii in this
region, which has profound implications for clinical
practice and public health.

The results revealed high levels of resistance to
multiple antibiotic classes among A. baumannii
isolates. Notably, 97.8% (45/46) of the isolates
exhibited resistance to imipenem, a carbapenem
antibiotic that is often considered a last-resort treatment
for multidrug-resistant infections. This high resistance
rate was strongly correlated with the presence of the

Figure 5. Antibiotic resistance rates among the 46 Acinetobacter
baumannii clinical isolates.

Doxycycline

Levofloxacin
Amikacin
Cefotaxime
Cefepime

Imipenem

T T T T T T T T T T 1 %

0 10 20 30 40 50 60 70 80 90 100
[ Susceptible BEE Intermediate M Resistant

Isolate 5197

Isolate 5377

blaoxa-siike gene, which was detected in all resistant
isolates but absent in a single susceptible isolate (5370).
This finding supports the critical role of blaoxa-si-iike as
a potential marker of carbapenem resistance in A.
baumannii [20]. However, the precise mechanisms
underlying carbapenem resistance, including possible
alterations in porin or efflux pumps, require further
investigation to comprehensively understand their
resistance profiles of these species [21].

A noteworthy discrepancy was observed between
the genotypic and phenotypic resistance profiles.
Although all isolates contained ampC, a high resistance
rate was observed for cefepime (97.8%), a fourth-
generation  cephalosporin.  However, a single
susceptible isolate (5370) did not exhibit ampC-
mediated resistance. This discrepancy may be attributed
to variations in ampC, such as mutations or silent
variants, which may affect gene expression or enzyme
activity and thus influence phenotypic resistance
[22,23]. This finding is consistent with previous studies,
which showed that ampC-producing bacteria could
remain susceptible to cefepime while displaying
resistance to other cephalosporins [24]. Further
sequencing of ampC, especially in the susceptible
isolate (5370), could help clarify whether variations in
the gene account for the observed susceptibility.

Similarly, high resistance to cefotaxime, a third-
generation cephalosporin  (100%  resistance or
intermediate resistance), was associated with the
universal presence of ampC. This gene encodes ampC
cephalosporinase, a class C B-lactamase that is known
to confer resistance to many f-lactam antibiotics, which
is consistent with the observed resistance profiles [25].
Resistance to other antibiotic classes was also noted:
97.8% resistance or intermediate resistance to amikacin
(aminoglycoside), 100% resistance to levofloxacin
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(fluoroquinolone), and  43.5%  resistance  or
intermediate resistance to doxycycline (tetracycline).

The high resistance level observed in our study is
consistent with findings from other regions in Southeast
Asia, where 4. baumannii has become a significant
public health concern [26,27]. However, our study
represents the first comprehensive report on the
antibiotic resistance patterns of 4. baumannii in
Southern Vietnam, providing a valuable baseline for
future comparative research. These results underscore
the urgent need for increased surveillance, enhanced
antimicrobial stewardship programs, and stricter
infection control measures to mitigate the spread of
multidrug-resistant A. baumannii [28].

Interestingly, molecular analysis revealed that 45 of
the 46 A. baumannii isolates carried the blaoxa-si-iike
gene, confirming their species identity and potential for
carbapenem resistance. Additionally, the presence of
ampC in all cephalosporin-resistant isolates reinforces
its role in B-lactam resistance. The detection of the
blatem gene in 73.9% (34/46) of isolates indicates a
significant prevalence of ESBL production among these
strains. This finding is consistent with previous reports
of ESBL production by A. baumannii isolates from
other regions [20].

However, our study revealed discrepancies in the
phenotypic and genotypic identification of ESBL.
Specifically, six isolates exhibited phenotypic ESBL
production despite the absence of blarem, blasuv, or
blacrx-m genes, indicating the presence of other ESBL-
encoding genes or alternative mechanisms of
resistance. This observation highlights the complexity
of antibiotic resistance in A. baumannii and indicates
the potential involvement of other uncharacterized
ESBL genes [24]. These discrepancies emphasize the
importance of complementing molecular diagnostic
methods with phenotypic testing to capture the full
spectrum of resistance mechanisms in clinical isolates.

The prevalence of ESBL genes differed between
our isolates, diverging from findings in other regions.
For example, studies conducted in Saudi Arabia and
Iran reported different distributions of blarem, blasuv,
and blacrx-m in A. baumannii isolates, reflecting
geographical variability in resistance profiles [29].
These differences further underscore the importance of
local surveillance programs tailored to specific regional
resistance patterns, which are essential for developing
effective treatment protocols and antimicrobial
stewardship initiatives.

This study has limitations. The single-hospital
origin of the samples and the relatively small sample
size limit the generalizability of our findings to other
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regions of Vietnam or the broader population of A.
baumannii isolates. The hospital-based nature of the
study may introduce a selection bias because isolates
from critically ill patients or patients with more severe
infections are more likely to be included. Additionally,
the relatively small sample size limits the statistical
power of some of our analyses.

We recommend that future research expand the
geographical scope by including multiple centers across
different regions of Vietnam to provide a more
comprehensive understanding of the resistance patterns
of A. baumannii. Increasing the sample size would also
allow more robust statistical analyses and improve the
reliability of the findings. Additionally, longitudinal
studies that track 4. baumannii resistance over time
could provide insights into the evolution of resistance
mechanisms and the impact of antimicrobial
stewardship programs [30].

Moreover, we suggest the inclusion of whole-
genome sequencing in future studies to gain deeper
insights into the genetic underpinnings of resistance.
Whole-genome  sequencing could enable the
identification of novel resistance genes, reveal genomic
variations contributing to resistance, and potentially
track the spread of resistant clones across different
settings [31]. These approaches will contribute to our
understanding of the molecular mechanisms underlying
the high resistance levels observed in 4. baumannii and
will help inform targeted interventions.

Overall, the findings of this study underscore the
alarming prevalence of multidrug-resistant A.
baumannii in Southern Vietnam, highlighting
significant concerns regarding the treatment of
infections caused by this pathogen. The observed
discrepancies between phenotypic and genotypic
resistance profiles point to the complexity of resistance
mechanisms and emphasize the need for continued
surveillance and research into the genetic basis of
resistance. Comprehensive, multicenter studies and the
integration of whole-genome sequencing will be critical
for improving our understanding of A. baumannii
resistance and informing effective public health
strategies.

Conclusions

This study underscores the critical importance of
rapid and accurate identification of A. baumannii and
its associated antibiotic-resistance genes in clinical
settings. Our research demonstrated the efficacy of
molecular methods, particularly multiplex PCR
techniques, in overcoming the limitations of traditional
microbiological ~ approaches. = The  successful
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establishment of two multiplex PCR detection
procedures for A. baumannii-specific genes and [-
lactamase-producing genes, along with a simple PCR
test for blarem, offers significant advantages in terms of
time, cost, and diagnostic accuracy. The high
prevalence of multidrug-resistant A4. baumannii
observed in this study highlights the urgent need for
enhanced infection control measures, judicious use of
antibiotics, and the development of new therapeutic
strategies. The molecular characterization of resistance
mechanisms provides valuable insights for the
development of rapid diagnostic tools and targeted
therapies, which are crucial for informing public health
policies and guiding clinical practice.

Hospital-acquired infections caused by A.
baumannii continue to pose significant challenges to
healthcare systems worldwide, and this study
emphasizes the importance of continued surveillance
and research into the evolution of antibiotic resistance.
The integration of molecular techniques with traditional
microbiological methods offers a powerful approach to
address the growing threat of multidrug-resistant 4.
baumannii infections. Moving forward, expanding the
geographical scope of surveillance, exploring novel
therapeutic targets, and developing rapid, point-of-care
diagnostic tools will be essential for facilitating timely
and effective treatment strategies to combat this
pressing public health concern.

J Infect Dev Ctries 2025; 19(5):723-731.

Funding

This research was funded by the University of Medicine and
Pharmacy at Ho Chi Minh City under contract number
193/2024/HD-DHYD, dated 22/08/2024, to Nguyen Tu Anh.

Corresponding author

Minh Thai Nguyen, PhD.

Department of Microbiology - Parasitology, Faculty of
Pharmacy, University of Medicine and Pharmacy at Ho Chi
Minh City.

41 Dinh Tien Hoang Street, Ben Nghe Ward, District 1, Ho
Chi Minh City, 700000, Vietnam.

Tel: +84 384 346 748

Fax: (+84-28) 3822 5435

Email: minhthai2511@ump.edu.vn

Conflict of interest
No conflict of interest is declared.

References

1. Ayobami O, Willrich N, Harder T, Okeke IN, Eckmanns T,
Markwart R (2019) The incidence and prevalence of hospital-
acquired (carbapenem-resistant) Acinetobacter baumannii in
Europe, Eastern Mediterranean and Africa: a systematic review
and meta-analysis. Emerg Microbes Infect 8:1747-1759. doi:
10.1080/22221751.2019.1698273.

2. Kyriakidis I, Vasileiou E, Pana ZD, Tragiannidis A (2021)
Acinetobacter baumannii antibiotic resistance mechanisms.
Pathogens 10: 373. doi: 10.3390/pathogens10030373.

3. Watkins RR, Bonomo RA (2023) Sulbactam-durlobactam: a
step forward in treating carbapenem-resistant Acinetobacter
baumannii (CRAB) infections. Clin Infect Dis 76: S163—-S165.
doi: 10.1093/cid/ciad093.

4. Castanheira M, Mendes RE, Gales AC (2023) Global
epidemiology and mechanisms of resistance of Acinetobacter
baumannii-calcoaceticus complex. Clin Infect Dis 76: S166—
S178. doi: 10.1093/cid/ciad109.

5. Antunes LCS, Visca P, Towner KJ (2014) Acinetobacter
baumannii: evolution of a global pathogen. Pathog Dis 71:
292-301. doi: 10.1111/2049-632X.12125.

6. Witt LS, Howard-Anderson JR, Jacob JT, Gottlieb LB (2022)
The impact of COVID-19 on multidrug-resistant organisms
causing healthcare-associated infections: a narrative review.
JAC Antimicrob Resist S: dlac130. doi:
10.1093/jacamr/dlac130.

7. Tran LS, Thi NNP, Thi BVT, Phan MH (2023) Epidemiology
and antibiotic resistance assessment of Acinetobacter
baumannii isolates from respiratory specimens collected at Can
Tho General Hospital. ] App Biol Biotech 12: 198-204. doi:
10.7324/JABB.2024.146101.

8. Hrabak J, Chudackova E, Walkova R (2013) Matrix-assisted
laser desorption ionization-time of flight (MALDI-TOF) mass
spectrometry for detection of antibiotic resistance mechanisms:
from research to routine diagnosis. Clin Microbiol Rev 26:
103-114. doi: 10.1128/CMR.00058-12.

9. Kostrzewa M, Sparbier K, Maier T, Schubert S (2013)
MALDI-TOF MS: an upcoming tool for rapid detection of
antibiotic resistance in microorganisms. Proteomics Clin Appl
7:767-778. doi: 10.1002/prca.201300042.

10. Anjum MF, Zankari E, Hasman H (2017) Molecular methods
for detection of antimicrobial resistance. Microbiol Spectr 5:

730



Nguyen et al. — Multiplex PCR for 4. baumannii resistance

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

10.1128./microbiolspec.arba-0011-2017. doi:
10.1128/microbiolspec. ARBA-0011-2017.

Harris M, Fasolino T, Davis NJ, Ivankovic D, Brownlee N
(2023) Multiplex detection of antimicrobial resistance genes
for rapid antibiotic guidance of urinary tract infections.
Microbiol Res 14: 591-602. doi:
10.3390/microbiolres14020041.

Hernandez MA, Valenzuela EM, Pulido 1Y, Reguero MT,
Restrepo S, Trujillo SG, Sierra DS, Plazas MR, Quintero LE,
Mantilla JR The genomic identification of Colombian
Acinetobacter baumannii clinical isolates by RFLP-PCR
analysis of the 16S-23S rRNA gene spacer region. Revista
Colombiana de Biotecnologia 13: 110-114.

Chang HC, Wei YF, Dijkshoorn L, Vaneechoutte M, Tang CT,
Chang TC (2005) Species-level identification of isolates of the
Acinetobacter  calcoaceticus-Acinetobacter baumannii
complex by sequence analysis of the 16S-23S rRNA gene
spacer region. J Clin Microbiol 43: 1632-1639. doi:
10.1128/JCM.43.4.1632-1639.2005.

Krawczyk B, Lewandowski K, Kur J (2002) Comparative
studies of the Acinetobacter genus and the species
identification method based on the rec4 sequences. Mol Cell
Probes 16: 1-11. doi: 10.1006/mcpr.2001.0388.

Lee Y-T, Kuo S-C, Chiang M-C, Yang S-P, Chen C-P, Chen
T-L, Fung C-P (2012) Emergence of carbapenem-resistant
non-baumannii species of Acinetobacter harboring a blaox4-si-
like gene that is intrinsic to 4. baumannii. Antimicrob Agents
Chemother 56: 1124—1127. doi: 10.1128/AAC.00622-11.
Turton JF, Woodford N, Glover J, Yarde S, Kaufmann ME, Pitt
TL (2006) Identification of Acinetobacter baumannii by
detection of the blaoxa-si-like carbapenemase gene intrinsic to
this species. J Clin Microbiol 44: 2974-2976. doi:
10.1128/JCM.01021-06.

Bogaerts P, Rezende de Castro R, de Mendonga R, Huang T-
D, Denis O, Glupczynski Y (2013) Validation of
carbapenemase and extended-spectrum B-lactamase multiplex
endpoint PCR assays according to ISO 15189. J Antimicrob
Chemother 68: 1576-1582. doi: 10.1093/jac/dkt065.

Turton JF, Ward ME, Woodford N, Kaufmann ME, Pike R,
Livermore DM, Pitt TL (2006) The role of ISAbal in
expression of OXA carbapenemase genes in Acinetobacter
baumannii. FEMS Microbiol Lett 258: 72-77. doi:
10.1111/5.1574-6968.2006.00195 .x.

Clinical and Laboratory Standards Institute (nd) Using M100
online learning. Performance standards for antimicrobial
susceptibility testing. Available:
https://clsi.org/standards/products/elearning/education/using-
m100-online-learning-performance-standards-for-
antimicrobial-susceptibility-testing/. Accessed: 9 March 2025.
Turton JF, Woodford N, Glover J, Yarde S, Kaufmann ME, Pitt
TL (2006) Identification of Acinetobacter baumannii by
detection of the blaoxa-si-like carbapenemase gene intrinsic to

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

J Infect Dev Ctries 2025; 19(5):723-731.

this species. J Clin Microbiol 44: 2974-2976. doi:
10.1128/JCM.01021-06.

Eliopoulos GM, Maragakis LL, Perl TM (2008) Acinetobacter
baumannii: epidemiology, antimicrobial resistance, and
treatment options. Clin Infect Dis 46: 1254-1263. doi:
10.1086/529198.

Hamidian M, Kenyon JJ, Holt KE, Pickard D, Hall RM (2014)
A conjugative plasmid carrying the carbapenem resistance
gene blaoxs2; in AbaR4 in an extensively resistant GC1
Acinetobacter baumannii isolate. J Antimicrob Chemother 69:
2625-2628. doi: 10.1093/jac/dkul88.
Rodriguez-Aguirregabiria M, Lazaro-Perona F, Cacho-Calvo
JB, Arellano-Serrano MS, Ramos-Ramos JC, Rubio-Mora E,
Diaz-Almirébn M, Asensio-Martin MJ (2024) Challenges
facing two outbreaks of carbapenem-resistant Acinetobacter
baumannii: from cefiderocol susceptibility testing to the
emergence of cefiderocol-resistant mutants. Antibiotics
(Basel) 13: 784. doi: 10.3390/antibiotics13080784.

Paterson DL, Bonomo RA (2005) Extended-spectrum f-
lactamases: a clinical update. Clin Microbiol Rev 18: 657-686.
doi: 10.1128/CMR.18.4.657-686.2005.

Ga J (2009) AmpC beta-lactamases. Clin Microbiol Rev 22:
161-182. doi: 10.1128/CMR.00036-08.

Post V, White PA, Hall RM (2010) Evolution of AbaR-type
genomic resistance islands in multiply antibiotic-resistant
Acinetobacter baumannii. J Antimicrob Chemother 65:1162—
1170. doi: 10.1093/jac/dkq095.

Leungtongkam U, Thummeepak R, Tasanapak K, Sitthisak S
(2018) Acquisition and transfer of antibiotic resistance genes
in association with conjugative plasmid or class 1 integrons of
Acinetobacter baumannii. PLoS One 13: ¢0208468. doi:
10.1371/journal.pone.0208468.

Howard A, O'Donoghue M, Feeney A, Sleator RD (2012)
Acinetobacter  baumannii: an  emerging opportunistic
pathogen. Virulence 3: 243-250. doi: 10.4161/viru.19700.
Ibrahim ME, Algak TB, Abbas M, Elamin BK (2021)
Emergence of blarem, blactx-m, blasuy and blaoxa genes in
multidrug-resistant Enterobacteriaceae and Acinetobacter
baumannii in Saudi Arabia. Exp Ther Med 22: 1450. doi:
10.3892/etm.2021.10885.

Nguyen KV, Thi Do NT, Chandna A, Nguyen TV, Pham CV,
Doan PM, Nguyen AQ, Thi Nguyen CK, Larsson M, Escalante
S, Olowokure B, Laxminarayan R, Gelband H, Horby P, Thi
Ngo HB, Hoang MT, Farrar J, Hien TT, Wertheim HF (2013)
Antibiotic use and resistance in emerging economies: a
situation analysis for Viet Nam. BMC Public Health 13: 1158.
doi: 10.1186/1471-2458-13-1158.

Din NS, Mohd. Rani F, Alattraqchi AG, Ismail S, A. Rahman
NI, Cleary DW, Clarke SC, Yeo CC (2025) Whole-genome
sequencing of Acinetobacter baumannii clinical isolates from
a tertiary hospital in Terengganu, Malaysia (2011-2020),
revealed the predominance of the Global Clone 2 lineage.
Microb Genom 11: 001345. doi: 10.1099/mgen.0.001345.

731



Nguyen et al. — Multiplex PCR for 4. baumannii resistance

Annex — Supplementary Items

J Infect Dev Ctries 2025; 19(5):723-731.

Supplementary Table 1. Primers used for multiplex PCR detection of Acinetobacter baumannii and 3-lactamase genes.
Primers
P-Ab-ITS-F
P-Ab-ITS-R
P-rAl1-F
P-rA2-r
OXA-51-like-F
OXA-51-like-R
ACIS-F
ACI6-R
TEM-F
TEM-R
CTX-M-F
CTX-M-R
SHV-F
SHV-R

Sequence (5’ - 3)
CATTATCACGGTAATTAGTG
AGAGCACTGTGCACTTAAG
CCTGAATCTTCTGGTAAAAC

GTTTCTGGGCTGCCAAACATTAC
ATGAACATTAAAGCACTC
CTATAAAATACCTAATTGTTC
ACTTACTTCAACTCGCGACG
TAAACACCACATATGTTCCG
CATTTCCGTGTCGCCCTTATTC
CGTTCATCCATAGTTGCCTGAC
TCTTCCAGAATAAGGAATCCC
CCGTTTCCGCTATTACAAAC
AGCCGCTTGAGCAAATTAAAC
ATCCCGCAGATAAATCACCAC

Size Target
208 bp Acinetobacter baumannii
425 bp Acinetobacter spp.
825 bp blaoxa-s1-iike gENE
663 bp ampC gene
800 bp blarem gene
909 bp blacrx.m gene
713 bp blasyy gene

Supplementary Table 2. Extended-spectrum beta-lactamase production in Acinetobacter baumannii isolates was determined using a combined

disc test.
Method
CEFOCLA

CEFOSUL

CLO-CEFOCLA

CEFO-CLA-BO

Antibiotic

2 antibiotic discs: Cefotaxime (30 pg);
cefotaxime/clavulanic acid (30/10 pg)

2 antibiotic discs:

Testing medium

MHA

Cefotaxime (30 pg); cefotaxime/sulbactam MHA

(30/10 pg)
2 antibiotic discs:

Cefotaxime (30 pg);
cefotaxime/ clavulanic acid (30/10 pg)

4 antibiotic discs:

Cefotaxime (30 pg);
Cefotaxime/clavulanic acid (30/10 pg);
Cefotaxime/boronic acid (30/400 ug);

Cefotaxime/clavulanic

(30/10/400 pg)

Interpretation of results

A > 5 mm increase in inhibitory zone diameter (IZD) for a
combination disc and a single antibiotic disc is regarded as ESBL
positive (ESBL (+)), otherwise ESBL negative (ESBL (-))

See above
MHA supplementary
cloxacillin 200 pg/mL See above
A > 5 mm increase in IZD for a cefotaxime/clavulanic
acid/boronic acid disc versus a cefotaxime disc, or a > 3 mm
MHA increase in IZD for a cefotaxime/clavulanic acid/boronic acid disc

acid/boronic acid

versus a cefotaxime/acid boronic disc indicates ESBL (+),
otherwise ESBL (—)

CEFOCLA: cefotaxime (30 pg) and cefotaxime/clavulanic acid (30/10 pg); CEFOSUL: cefotaxime (30 pg) and cefotaxime/sulbactam (30/10 pg); CLO-
CEFOCLA: cefotaxime (30 pg) and cefotaxime/clavulanic acid (30/10 pg), with cloxacillin to assess ampC B-lactamase activity; CEFO-CLA-BO, cefotaxime
(30 ng), cefotaxime/clavulanic acid (30/10 pg), cefotaxime/boronic acid (30/400 pg), and cefotaxime/clavulanic acid/boronic acid (30/10/400 ng) for detecting
ampC B-lactamase and serine carbapenemase activity; MHA, Mueller-Hinton agar, a culture medium used for antibiotic susceptibility testing.
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