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Abstract

Acinetobacter baumannii is a clinically significant pathogen found in both environment and clinical samples.
Its accurate identification is crucial for infection control and patient management. This study aims to assess
the effectiveness of the commercially available Leeds Acinetobacter Medium (LAM) in the presumptive
identification of A. baumannii, and compare its performance with that of multiplex PCR (mPCR) for accurate
identification. A. baumannii was isolated using LAM from water (n = 100) and clinical respiratory samples (n
= 100) which included endotracheal tube samples, sputum samples, etc. and the accuracy of identification
was compared with mPCR. Additionally, the cultural characters of known A. baumannii strains (n = 42) were
evaluated on LAM and the isolates were tested with mPCR. A. baumannii prevalence was 5.5% in water
and 35.1% in clinical respiratory samples. LAM’s identification accuracy, compared to mPCR, showed 66.7%
sensitivity and 76.5% specificity for water samples, and 88.5% sensitivity and 37.5% specificity for clinical
respiratory samples. Positive predictive values (PPV) were 14.3% and 43.4%, while negative predictive values
(NPV) were 97.5% and 85.7% for water and clinical respiratory samples, respectively. Sequential testing
involving preliminary identification followed by LAM culture achieved perfect agreement (kappa = 1) and higher
sensitivity/specificity (100%) between LAM and mPCR. The study established mPCR as a reliable standard for
A. baumannii identification, while preliminary identification tests such as Gram’s stain, catalase, oxidase and
motility test improved LAM’s accuracy by reducing false positives. Limitations in A. baumannii identification
were observed with LAM, suggesting its use for screening samples rather than for definitive identification.
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INTRODUCTION

Acinetobacter baumannii, an aerobic,
pleomorphic, non-motile Gram-negative bacillus,
is implicated in severe infections.* Notably, the
World Health Organization (WHO) designated it
as a critical priority pathogen in 2017 due to its
resistance to prevalent antibiotics.>? It belongs to
the group of ESKAPE pathogens.*A. baumannii’s
antibiotic resistance and adaptability in hospital
settings, facilitates its nosocomial transmission and
waterborne spread, make it highly concerning.>¢

Acinetobacter species, including A.
baumannii, are known for their adaptability,
metabolic versatility, and resistance to antibiotics.
These characteristics make them model pathogens
for studies in environmental microbiology.
Their study enhances understanding of
bacteria-environment interactions and potential
biotechnological applications.” Though extensively
studied, A. baumannii strains obtained from
clinical settings may not represent the diverse
potential of this species. Therefore, studying this
pathogen from environmental sources is essential
to gain a comprehensive understanding of its
disparate nature.®

Thus, there is a pressing need to
understand their epidemiology by studying
their presence in environments like sewage
water, water bodies close to hospitals, hospital
drainage dumps, etc. as well as their prevalence
in clinical samples to curtail their spread. The
accurate identification of bacteria is essential
for understanding their epidemiology, virulence
factors, and antimicrobial resistance patterns.
Efficient detection and identification of A.
baumannii is crucial for appropriate patient
management and infection control measures.
Though there has been a growing interest in
developing rapid and reliable molecular methods
for the identification of A. baumannii and other
Acinetobacter species,®*° traditional phenotypic
methods for presumptive identification have
been reported to be accurate and reliable in rapid
identification of A. baumannii.**

Leeds Acinetobacter Medium (LAM) has
been developed as a selective and differential
medium. LAM contains casein acid hydrolysate,
soya peptone, fructose, sucrose, and mannitol
and antibiotics such as vancomycin, cefsulodin

and cephradine specifically designed for the
isolation of clinically important Acinetobacter
species and inhibit other Gram-negative bacteria.*?
The presence of fructose and sucrose, along with
neutral red as a pH indicator in LAM, allows for
the differentiation of bacterial colonies based on
the metabolic byproducts produced during the
utilization of these sugars. Bacteria that release
acidic byproducts result in yellow colonies,
whereas those that produce alkaline byproducts
form pink colonies. LAM’s use in presumptive
identification of Acinetobacter in clinical as well
as environmental samples has been reported
in literature.’® It is important to evaluate and
compare the efficacy of LAM with PCR-based
identification to identify Acinetobacter. Hence, we
evaluated a multiplex PCR assay for identification
of Acinetobacter baumannii at genus and species
level using reported primers. The value of
routine physiological tests used for presumptive
identification of A. baumannii such as Gram
stain morphology, catalase, oxidase, motility
test, etc., was further validated. This evaluation
is crucial for determining the reliability of LAM in
presumptive identification of Acinetobacter and
their comparison with PCR will help laboratories to
handle a large number of, especially, environmental
samples. Furthermore, we wanted to assess the
utility of LAM in a medical diagnostic laboratory
and its precise identification underscoring its value
in environmental monitoring and infection control
strategies.

This study aimed to determine whether
LAM is a viable substitute or complementary tool
to mPCR for detecting A. baumannii in clinical and
environmental settings.

MATERIALS AND METHODS

In this study, water and clinical respiratory
samples were collected from November 2021 to
July 2023. A total of 200 samples were cultured
on LAM for isolation and identification of A.
baumannii. These included environmental water
(n=100) and clinical respiratory samples (n = 100).
LAM was prepared using Leeds Acinetobacter agar
base (HiMedia, Mumbai, India, M1839) to which
Selective Supplement (HiMedia, FD335) was added
to help isolation of MDR Acinetobacter spp. from
hospital environment.
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For the collection of water samples,
a stratified random sampling approach was
employed, categorizing the sampling locations
into different strata based on water source types:
lakes (n = 24), ponds (n = 11), drainage water (n
= 22), river water (n = 5), agricultural runoff (n
= 08), stagnant water (n = 18) and Institutional
Water Sources (n = 12). A proportionate number
of samples were randomly selected from each
stratum based on the availability of sources,
ensuring homogeneous and representative
coverage of all water types.

For clinical respiratory samples,
selective sampling was employed which included
endotracheal tube (ET) samples (n = 85), ET
aspirates (n =9), and sputum (n = 6).

Apart from this, a set of 42 Acinetobacter
spp. cultures from microbiology laboratory
stocks were streaked on LAM. An mPCR assay for
identification of A. baumannii was established
using ATCC A. baumannii 19606 strain.

Standardization of mPCR for A. baumannii

Overnight culture of ATCC A. baumannii
19606 in Luria Bertani broth (HiMedia, Mumbai,
India) at 37 °C was subjected to genomic DNA
extraction by phenol-chloroform method.* The
extracted DNA was then used to optimize mPCR
assay. Two pairs of reported primers, one targeting
the conserved sequence of rpoB, for genus level
identification of Acinetobacter'**> and another
targeting species specific sequence of gyrB gene
for A. baumannii® for species identification were
used (Table 1).

Initially, monoplex PCR assays were
standardized to determine the ideal conditions for
amplification of the selected genes individually.
Genomic DNA was extracted from reference strain
by phenol-chloroform technique. The reaction was
designed for 20 ul reaction volume containing
ready to use 2X Taq PCR MasterMix (Maxome
Lifesciences, MX-1103), bacterial genomic DNA
and 10 pmol of each primer and water to make up
the volume. The amplification conditions included
initial denaturation at 94 °C for 2 min, 35 cycles
of denaturation at 94 °C for 30 sec, annealing over
a gradient of 55-60 °C for 30 sec, extension at 72
°C for 1 min followed by final extension at 72 °C
for 7 min. Two thermal cyclers, Master Cycler
(Eppendorf, Germany) and QB96 (Quanta Biotech

Satellite, Banebio, Maryland, USA) were used for
the work. Both gave reproducible results with the
same protocol. The amplicons of monoplex PCR’s
were confirmed by sequencing (Biokart India Pvt.,
Ltd.) for presence of the gene of interest.

After the standardization of monoplex
PCR, an mPCR assay targeting both genes
simultaneously was standardized. The reaction
volume was set to 20 pul having 2X Taq PCR
MasterMix, ATCC A. baumannii extracted DNA
as template and 10 pmol of each genus and
species-specific primers and water to make up
the volume. To determine the optimum annealing
temperature, temperature gradient of 55-60 °C was
applied. The optimum temperature for this mPCR
assay was found to be 57 °C. The PCR conditions
for amplification were: initial denaturation at 94
°C for 2 min, 35 cycles of denaturation at 94 °C for
30 sec, 57 °C annealing for 30 sec, and extension
at 72 °C for 1 min followed by final extension at
72 °C for 7 min. PCR was carried out in both the
thermal cyclers mentioned above. The mPCR
products were resolved on 1.5% agarose gels
incorporating ethidium bromide (0.5 ug/ml),
after electrophoresis in a 1X Tris-acetic-acid-EDTA
buffer at 100 V for 45 min. The amplicons were
documented using GelDoc system (Vilber Gel
Documentation system).

Isolation and identification of A. baumannii from
water samples

Water samples from various water bodies
were collected by following standard guidelines.*®
One ml of freshly collected water sample was
added to 9 ml peptone water. The samples were
incubated for 24 hours at 37 °C. Loop full of these
incubated tubes was sub-cultured onto LAM and
incubated at 37 °C for up to 24 hours. Bacterial
colonies having pink color with a pinkish mauve
in the medium were presumptively identified as
Acinetobacter spp. Both the ‘presumptive positive’
isolates and ‘presumptive negative’ colonies were
subjected to mPCR for molecular confirmation.

Isolation and identification of A. baumannii from
clinical respiratory samples

Clinical respiratory samples including
sputum, endotracheal tube and endotracheal
secretions which were received for culture
and sensitivity at the clinical microbiology
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laboratory were also inoculated on LAM in addition
to the standard laboratory media viz. blood
agar and MacConkey agar plates. The cultures
were incubated overnight and observed for
growth. As described above, the bacterial isolates
showing pink colonies with pink mauve colour
in the medium were presumptively identified
as Acinetobacter spp. These isolates along with
presumptively negative isolates were subjected
to mPCR assay for confirmation.

Characterization of known Acinetobacter isolates
(Reported clinical isolates) using LAM

A total of 42 clinical Acinetobacter spp.
isolates phenotypically confirmed by biochemical
tests were sub-cultured on LAM. Isolates showing
growth on LAM were subjected to the mPCR assay.

Statistical analysis

The data was entered in MS Excel and
was presented as numbers and percentages.
The data was analyzed using IBM SPSS statistics
20 software. The results were expressed as
frequency and percentages. Using mPCR as
reference standard, efficacy of LAM in identifying
A. baumannii was presented in terms of sensitivity,
specificity, positive and negative predictive values.
Confidence intervals (95% Cl) for these diagnostic
measures were calculated using the Wilson score
method.

RESULTS

Inthis study, we established an mPCR assay
for confirmatory identification of A. baumannii by

Table 1. Primers used in the mPCR assay for identification of A. baumannii

Targets Gene Primer Name Primer (5’-3’) Source

Genus Acinetobacter rpoB Ac696F TAYCGYAAAGAYTTGAAAGAAG 15
Ac1093R CMACACCYTTGTTMCCRTGA

A. baumannii gyrB SPAF CACGCCGTAAGAGTGCATTA 9
SP4R AACGGAGCTTGTCAGGGTTA

2000 bp

1500 bp

1000 bp

500 bp
400 bp
300 bp
200 bp

100 bp

Genus Acinetobacter (rpoB)
Species A. baumannii (gyrB)

Figure 1. Agarose gel electrophoresis of mPCR for identification of A. baumannii
Lane M: 100 bp DNA Ladder, Lane 1-ATCC A. baumannii (19606), Lane 2 to 6: bacterial isolates showing positive

for genus Acinetobacter and species A. baumannii
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targeting the genus as well as species-specific
genes (Figure 1). From a total of 100 water
samples, 54 showed bacterial growth on LAM
whereas from 100 clinical respiratory samples,
74 showed bacterial growth on LAM (Table 2). All
presumptive positive and presumptive negative
(Figure 2 and 3) bacterial isolates were subjected
to mPCR.

Among the bacterial isolates from
water samples, 5.5% (3/54) were confirmed as A.

Figure 2. Presumptive positive Acinetobacter baumannii
colonies on LAM

baumannii by mPCR assay, whereas among clinical
respiratory samples, 35.1% (26/74) of the bacterial
isolates were confirmed as A. baumannii.

In case of water samples (Table 3), the
overall sensitivity of LAM as compared to mPCR
assay was 66.7% with a specificity of 76.5%. The
positive predictive value and negative predictive
value of LAM was 14.3% and 97.5%, respectively.
There was only a slight agreement between the
tests, i.e. LAM and mPCR assay (kappa = 0.15).

Figure 3. Presumptive positive and presumptive negative
Acinetobacter baumannii colonies on LAM

Table 2. Total number of water and clinical respiratory samples processed with corresponding LAM culture and

mPCR results for identification of A. baumannii

Type of Total Growth on mPCR mPCR
Sample Numbers LAM both Negative Positive
collected PP and PN Result Result
Water samples 100 54 51 3
Clinical Respiratory Samples 100 74 48 26

Abbreviations: mPCR, multiplex polymerase chain reaction; LAM, Leeds Acinetobacter Medium; PP, Presumptive Positive; PN, Presumptive Negative

Table 3. Comparison of LAM and mPCR assay results
for identification of A. baumannii in water samples

Table 4. Comparison of LAM and mPCR assay results
for identification of A. baumanniiin clinical respiratory
samples

Leeds Medium mPCR mPCR  Total Leeds Medium mPCR mPCR  Total
Positive Negative Positive Negative
Presumptive Positive 2 12 14 Presumptive Positive 23 30 53
Presumptive Negative 1 39 40 Presumptive Negative 3 18 21
Total 3 51 54 Total 26 48 74
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Table 5. Comparison of LAM and mPCR assay results for
identification of A. baumanniiin known clinical isolates
using sequential testing

Leeds Medium mPCR mPCR  Total
Positive Negative
Presumptive Positive 41 0 41
Presumptive Negative 0 1 1
Total 41 1 42

In case of clinical respiratory samples
streaked on LAM (Table 4), the overall sensitivity of
LAM as compared to mPCR assay was 88.5% with a
specificity of 37.5%. The positive predictive value
and negative predictive value of LAM was 43.4%
and 85.7% respectively. For a comprehensive
statistical analysis including 95% confidence
intervals and kappa score here, there was a fair
agreement between the tests, i.e. LAM and mPCR
assay (kappa =0.21)

Table 6. Diagnostic performance of LAM compared to mPCR as reference standard in identifying A. baumannii

Culture Sensitivity Specificity PPV NPV Kappa
type on (%) (%) (%) (%) Score
LAM

Water 66.7 (95% Cl: 76.5 (95% Cl: 14.3 (95% Cl: 97.5 (95% Cl: 0.15

Samples 20.8% t0 93.9%)  63.2% to 86.0%) 4.0% to 39.9%) 87.1% to0 99.6%)

Clinical 88.5 (95% Cl: 37.5(95% Cl: 43.4 (95% Cl: 85.7 (95% Cl: 0.21

Respiratory 71.0% t0 96.0%) 25.2% to 51.6%) 30.9% to 56.7%)  65.4% to 95.0%)

Samples

Reported 100.0 (95% Cl: 100.0 (95% Cl: 100.0 (95% Cl: 100.0 (95% Cl: 1.00

Clinical 91.4% to 100%) 20.7% to 100%) 91.4% to 100%) 20.7% to 100%)

isolates

Abbreviations: Cl = Confidence Interval; PPV = positive predictive value; NPV = negative predictive value; Cl = computed using
the Wilson score method. LAM = Leeds Acinetobacter Medium; mPCR = multiplex polymerase chain reaction

We cultured 42 known Acinetobacter
isolates on LAM. Only one isolate showed
yellow colonies which was found to be negative
by mPCR assay, whereas 41 isolates producing
pink colonies with pinkish mauve on LAM were
confirmed by mPCR assay as A. baumannii.
The isolate giving yellow colony on LAM was
subjected to reidentification and was found to be
a contaminant. In this sequential identification
(Table 5), the overall sensitivity and specificity
of LAM when compared to mPCR assay was
100%. The PPV and NPV were also 100% with a
strong agreement between the two tests (k = 1)
(See Table 6 for 95% confidence intervals and
diagnostic metrics).

DISCUSSION

In this study, we evaluated a multiplex PCR
(mPCR) assay for the confirmatory identification
of Acinetobacter baumannii using reported
primers and evaluated LAM as a selective medium

for isolating and presumptively identifying A.
baumannii from water and clinical respiratory
samples. The prevalence of A. baumannii was
found to be 5.5% in water samples and 35.1% in
clinical respiratory samples.

The presence of multiple sugars in
LAM allows not only Acinetobacter but also
other bacteria such as Burkholderia cepacia,
Stenotrophomonas maltophilia producing pink
colonies and Citrobacter freundii producing
yellow colonies also grow on this medium
(HiMedia and Hardy Diagnostics literature). The
former two bacteria most commonly encompass
the non-fermenting Gram-negative bacteria.?
Differentiating A. baumannii from these isolates
is usually quite obscure.?”

This suboptimal selectivity of LAM, thus
fails to inhibit non-target organisms,'? affecting
its reliability for isolating Acinetobacter spp. in
mixed flora like water or sputum samples. This
drawback of LAM necessitates confirmatory
identification of the isolates and mPCR ensures
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accurate differentiation between A. baumannii
and other organisms. Thus, both presumptive
positive (pink colonies) and presumptive negative
isolates with different morphologies on LAM were
further subjected to mPCR assay for confirmatory
identification of A. baumannii.

An easy to use, accurate identification
protocol will help clinical laboratories and research
laboratories to identify A. baumannii from various
specimens with high reliability and confidence.

Microbiological sampling of water is
commonly used in environmental surveillance
for monitoring and implementation of infection
control practices. It is also useful in outbreak
investigations. Emerging research indicates that
numerous antimicrobial resistance genes (ARGs)
of significance in clinical contexts were initially
acquired from environmental microbes such as
Acinetobacter and Pseudomonas species. The
persistence of these bacteria creates avenues for
horizontal gene transfer among other bacteria.
Moreover, the culture techniques used to
isolate P. aeruginosa and A. baumannii from
environmental sources are typically designed for
clinical specimens and have not been thoroughly
validated for use with environmental samples.®#
The respiratory samples often carry mixed flora;
making it difficult to detect A. baumannii from
the overgrowing commensal flora on common
culture plates used for sample processing in clinical
microbiology laboratory.?®

Given these challenges, several
investigators have used LAM for culture and
identification of A. baumannii in environmental
and other studies.?>? However, to the best of
our knowledge we are the first to evaluate its
efficacy in identifying A. baumannii as compared
to standard identification methods used in
majority of medical laboratories. In this study, we
could compare the efficacy of LAM to isolate and
presumptively identify A. baumannii and assess
its performance vis-a-vis confirmatory molecular
identification.

On comparing the performance of LAM
and mPCR, we found that LAM showed a sensitivity
of 66.7% and 88.5% in detecting A. baumannii
from water samples and clinical respiratory
samples respectively. The sensitivity of medium
is influenced by sample collection technique and
further processing. Our study collected both water

and clinical respiratory samples over a period from
November 2021 to July 2023. For water samples,
changes in temperature, rainfall, and other
environmental conditions could have influenced
bacterial contamination levels, potentially
affecting the detection of A. baumannii. Similarly,
for clinical respiratory samples, hospital-related
factors, such as variations in patient admission
rates, infection control practices, and antibiotic
usage, could contribute to shifts in A. baumannii
prevalence.

Doi et al. reported the sensitivity of
LAM to range from as low as 21.7% to as high
as 82.6%. The investigators however compared
different collection methods and used a modified
composite of LAM containing aztreonam and
ceftazidime.® In our study, the specificity of
LAM compared to mPCR was 76.5% for water
samples and only 37.5% for clinical respiratory
samples. McConnell et al., reported a high PPV
of 90.7% for isolating A. baumannii from ICU
environmental surface samples however they
speciated the bacterial isolates using MALDI-TOF
analysis.?® In our study, the PPV was 14.3% and
43.4% for water samples and clinical respiratory
samples respectively, whereas the NPV, was
97.5% and 85.7% respectively. Detailed 95%
confidence intervals for these diagnostic metrics
are presented in Table 6. Several other studies
have evaluated A. baumannii isolation from
environmental and clinical sources using LAM as
selective media. Ahmad et al. and Fasuyi et al.
reported the recovery of MDR and XDR strains
using culture and molecular methods in Iraq and
Nigeria, respectively.?”?® Hossain et al. detected
A. baumannii in 32% of surface water samples in
Bangladesh,” while Suresh et al. demonstrated
the effectiveness of LAM in isolating resistant
strains from soil in India.?* Kitti et al. demonstrated
genetic relatedness and shared resistance traits
between clinical and environmental A. baumannii
strains isolated from the same hospital ward in
Thailand,?* and Gao et al. reported antibiotic-
resistant Acinetobacter in swine farm groundwater
in China.?® These findings collectively support the
use of selective media across diverse settings and
highlight the importance of integrating culture-
based and molecular techniques for reliable
detection.
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The high NPV of LAM indicates that
negative results obtained from this selective
media can be considered reliable, making it a
suitable method for initial screening to rule out
the presence of A. baumannii. However, due to its
low PPV, LAM may not be adequate for confirming
the presence of A. baumannii. This suggests that
LAM should not be used as the sole confirmation
tool but rather needs to be complemented by
mPCR or another confirmatory technique to
mitigate the risk of misidentification. The kappa
agreement between LAM culture and mPCR assay
in both the scenarios was not satisfactory. These
results indicate that LAM may not be reliable in
accurately identifying A. baumannii, especially
from clinical respiratory samples, where it had a
lower specificity. The poor performance of LAM
can be attributed to the phenotypic nature of this
selective media, which may not be sufficiently
specific to differentiate A. baumannii from
phenotypically closer species. The mPCR assay,
however, targets genus and species-specific genes,
allowing more reliable and specific identification
of A. baumannii.

Interestingly, the sensitivity and specificity
of LAM improved when it was tested on known
Acinetobacter isolates. This improvement can be
attributed to a sequential identification process,
wherein the isolates were presumptively identified
based on phenotypic characteristics such as
Gram stain, catalase, oxidase, and motility tests,
and then confirmed using the mPCR assay. This
validation step helped eliminate the false-positive
result observed during the initial LAM screening,
resulting in a perfect agreement (k = 1) between
LAM and mPCR. These findings underscore the
significance of the preliminary identification tests
(Gram stain, catalase, oxidase, and motility test),
as they exhibited a perfect concordance with
the mPCR assay and enhanced the utility of LAM
selective media. The efficacy of physiological and
biochemical identification of Acinetobacter has
already been reported.!* The meticulous execution
of these basic preliminary test protocols proved
to be indispensable for accurate identification of
Acinetobacter spp.

The implications of our findings
extend beyond the accurate identification of A.
baumannii. In clinical settings, the high sensitivity
of mPCR, particularly for clinical respiratory

samples, can significantly enhance infection
control strategies by enabling early and accurate
diagnosis, reducing cross-contamination risks in
high-risk environments such as intensive care units
and guiding more targeted antibiotic treatments.
In environmental contexts, the detection of A.
baumannii in various water sources, coupled with
the utility of mPCR for confirmatory identification,
underscores the importance of integrating mPCR
into environmental monitoring programs. This
combined approach can help track contamination
sources, inform public health strategies, and
prevent potential waterborne transmission risks,
thereby contributing to both infection control and
environmental health efforts.

Finally, it is important to note that using
different sampling methods for environmental and
clinical respiratory samples may have introduced
some bias in our study. Stratified random sampling
was used for environmental samples to ensure
representation of diverse water sources, while
selective sampling of clinical respiratory samples
targeted high-risk patients. This selective sampling
may have overestimated A. baumannii prevalence
in clinical settings. Future studies should adopt
random sampling for clinical specimens to achieve
a more representative analysis of A. baumannii
prevalence across a broader patient population.

CONCLUSION

Our study highlights the limited specificity
of LAM selective medium in identification of A.
baumannii, especially from clinical respiratory
samples. A multiplex PCR assay (mPCR) for
identification of clinically relevant and most
common Acinetobacter spp., A. baumannii
would be very useful for clinical laboratories.
The sequential testing approach, incorporating
preliminary phenotypic tests followed by
mPCR substantially improves the accuracy of A.
baumannii identification. Although the study
considered relatively less water and clinical
respiratory samples, they were carefully chosen
to represent a diverse range of sources, reflecting
both environmental and clinical contexts. The
study’s primary objective was to conduct a
preliminary evaluation of the LAM in comparison
to mPCR, providing a foundation for further
research. Although larger sample sizes would
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increase the robustness of the findings, the current
dataset offers valuable insights into the diagnostic
performance of LAM and its potential application
for initial screening.

This approach aligns with the broader
understanding of microbiological identification
methods, where a combination of phenotypicand
genotypic techniques enhances reliability. Future
research can focus on improving selective as well
as indicator media, PCR assays targeting ARGs
and screening of environmental samples directly
by mPCR. This study provides a foundational
comparison between LAM and mPCR for A.
baumannii detection and underscores the need
for molecular confirmation in routine diagnostics.
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