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Background: Multidrug-resistant Acinetobacter baumannii rarely causes community-acquired pneumonia. Here, we report the 
clinical and genomic characteristics of a multidrug-resistant A. baumannii strain responsible for community-acquired pneumonia in 
a 31-year-old healthy young women.
Methods: A. baumannii strain W2LL was recovered from the alveolar lavage fluid sample of a hospitalized patient with pulmonary 
infection. Growth rate studies were conducted under various conditions, and virulence assessments were performed using Galleria 
Mellonella larvae. Whole Genome Sequencing (WGS) was carried out using Oxford Nanopore MinIon and Illumina HiSeq. In silico 
multilocus sequence typing (MLST), plasmid replicons, antimicrobial resistance genes, and virulence genes were determined using the 
BacWGSTdb webserver. Phylogenetic analysis between strain W2LL and other closely related A. baumannii genomes retrieved from 
NCBI database was performed.
Results: WGS identified strain W2LL as a rare sporadic lineage sequence type (ST) 1431. In addition to the detection of the β- 
lactamase gene (blaOXA-98) on the chromosome, blaOXA-58 was found on a 92,034 bp plasmid. Antimicrobial susceptibility testing 
revealed this strain was resistant to cephalosporins and carbapenems, with initial treatment using cefoxitin proving ineffective. 
Subsequent treatment with piperacillin-sulbactam combined with levofloxacin led to gradual improvement. Compared to 
A. baumannii ATCC 17978, W2LL exhibited similar growth rates at 37°C and 42°C, as well as in the presence of zinc. However, 
strain W2LL exhibited higher virulence phenotype compared to ATCC 17978 in G. mellonella model. The closest relative of 
A. baumannii W2LL was CAM180_1, another isolate recovered from Cambodia, which differed by 191 SNPs.
Conclusion: W2LL is a rare ST1431 carbapenem-resistant A. baumannii strain recovered from a patient with no prior hospitalization 
or typical risk factors. This underscores the growing menace posed by carbapenem-resistant A. baumannii, no longer limited to 
hospitalized patients, potentially impacting the broader, younger population.
Keywords: A. baumannii, carbapenem resistant, community-acquired pneumonia, whole-genome sequencing

Introduction
Acinetobacter baumannii, a widely distributed Gram-negative coccus, has become a major nosocomial pathogen, 
contributing to 20% of global ICU infections.1 Its global spread, coupled with multidrug resistance and virulence factors, 
poses a significant threat to public health.2–4 In the Antimicrobial Testing Leadership and Surveillance (ATLAS) program 
for 2020, results indicate a persistently high overall resistance rate of A. baumannii in South Korea, India, and China. 
This includes resistance to penicillin, cephalosporins, carbapenems, quinolones, and aminoglycosides, with rates 
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exceeding 84.0%, 96.0%, 98.0%, 88.0%, and 87.0%, respectively.5 Notably, China exhibits the lowest susceptibility to 
tigecycline among A. baumannii isolates when compared to other countries. Infections caused by A. baumannii are 
associated with a notably high mortality rate, with an overall in-hospital mortality rate reaching 56%.6

A key factor to its success is the adaptable genome, rapidly mutating in response to stress, enabling its persistence in 
challenging environments, especially within healthcare settings.7,8 The mechanisms of antimicrobial resistance primarily 
involve the regulation of antibiotic transport through bacterial membranes, alterations in antibiotic target sites, and 
enzyme modifications that result in the neutralization of antibiotics.9 Molecular traits promoting environmental persis-
tence include resistance to desiccation, biofilm formation, and motility. While A. baumannii is implicated in nosocomial 
and community-acquired infections, its primary natural host remains poorly understood.10

Historically, A. baumannii has been considered an opportunistic pathogen primarily associated with hospital-acquired 
infections.11 However, recent studies have documented cases of community-acquired pneumonia caused by 
A. baumannii, particularly in tropical and subtropical regions. Most of these cases involved patients with underlying 
health conditions, making the infection of healthy young individuals a rare occurrence. Community-acquired pneumonia 
caused by A. baumannii is characterized by its severity, high mortality, and fulminant nature.12,13

In this study, we delineate the clinical attributes of an A. baumannii strain responsible for community-acquired 
pneumonia in a healthy young woman. We conducted extensive investigations into its growth patterns, antimicrobial 
resistance, and genomic characteristics.

Materials and Methods
Patient Clinical Data
A 31-year-old female patient was admitted to a tertiary teaching hospital in Hangzhou on July 12, 2018, with a complaint 
of “cough and fever for 5 days”. Chest CT examination on admission showed pneumonia in the left lung (Figure 1). 
Following a comprehensive examination, the patient was diagnosed with community-acquired pneumonia. Notably, the 
patient had no prior history of underlying medical conditions. A. baumannii W2LL was isolated from the patient’s 
alveolar lavage fluid sample shortly after admission.

Upon admission, laboratory testing revealed the following results: blood routine and high-sensitivity C-reactive 
protein: White blood cell count 6.12×10^9/L, neutrophil percentage 72.1%, high-sensitivity C-reactive protein level 
54.10 mg/L, and erythrocyte sedimentation rate (microtube method) of 50 mm/h. Biochemical assessments, indicative of 
abnormal liver function, included alanine aminotransferase at 125 U/L, aspartate aminotransferase at 63 U/L, alkaline 
phosphatase at 99 U/L, and γ-glutamyltransferase at 116 U/L. Additionally, the C-reactive protein level was measured at 
43.8 mg/L. Quantitative evaluation of procalcitonin, blood coagulation function, and IgM detection of respiratory 
pathogens yielded no significant abnormalities. However, it is important to note that treatment with cefoxitin, initiated 
after admission, proved to be ineffective in improving the patient’s condition.

Bacterial Isolates and Antimicrobial Susceptibility Testing
A. baumannii W2LL was isolated from the alveolar lavage fluid sample on July 16, 2018. W2LL was identified as 
A. baumannii using Vitek GNI card. Bacterial cultures were maintained in Luria-Bertani (LB) medium at 37°C. 

Figure 1 The patient’s lung CT scan displayed a significant area of pneumonia predominantly in the left lung.
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Antimicrobial susceptibility was determined using Etest strips and interpreted according to CLSI breakpoints (Clinical 
and Laboratory Standards Institute, 28th edition).14

Bacterial Growth Curve Test
Both strain W2LL and ATCC 17978 were cultured overnight in MH broth, diluted 1:1000 into fresh MH broth, and 
aliquoted into flat-bottomed 100-well plates in six replicates. Using Bioscreen A CMBR (Growth Curves AB Ltd, Oy, 
Finland) we measured the OD600 of each culture every 5 min for 16 h. Growth rates were estimated by an R script.15 

Using GraphPad Prim 9 performed statistical analysis. Differences between means were assessed using a t-test. P values 
<0.05 were considered statistically significant.

Galleria mellonella Infection Test
A. baumannii strains were cultured overnight in an orbital shaker at 37°C and 200 rpm. Subsequently, the overnight 
culture was diluted 100-fold into fresh medium and incubated for 4 hours. Following incubation, cells were harvested via 
centrifugation (5 minutes at 5000 × g), washed once with phosphate-buffered saline (PBS), and then resuspended in PBS 
to achieve a final OD600 of 1.0. Further dilutions were prepared in PBS. The quantification of bacterial cells in the 
injected samples was carried out by plating 10-fold serial dilutions on MH agar plates, and the colony-forming units 
(CFU) were enumerated after an overnight incubation.

For the infection assay, G. mellonella larvae weighing between 200 and 300 mg were employed.16 Briefly, a bacterial 
sample of 10 μL with a concentration of 105 CFU/mL was injected into the hind left leg of each larva using a 10 μL glass 
syringe fitted with a 30G needle. Control groups consisted of larvae injected with 10 μL of sterile PBS. The injected 
larvae were then placed in an incubator at 37°C and monitored for mortality every 2 hours during the initial 24 hours, and 
subsequently every 8 hours for an additional 48 hours, resulting in a total observation period of 72 hours. Larvae were 
considered deceased if they failed to respond to physical stimulation. Each experiment included three replicates for the 
survival groups, with 10 larvae in each group, and the presented curves represent the most representative outcomes. 
Statistical analysis of survival differences was conducted using the logrank test in GraphPad Prism 9, with a significance 
threshold set at P < 0.05.

Whole Genome Sequencing and Analysis
Bacteria from a single colony were cultivated overnight at 37°C in MH broth. Genomic DNA was extracted using the 
QIAamp DNA minikit. The quality and quantity of the extracted genomic DNA were assessed through agarose gel 
electrophoresis and a NanoDrop spectrophotometer. Subsequently, DNA libraries were prepared employing the Nextera 
XT kit, and sequencing was carried out using a 2×150 bp paired-end sequencing protocol. Moreover, WGS was also 
performed on the Oxford Nanopore MinION platform following the manufacturer’s instructions.

The complete genome of W2LL was assembled by combining the sequences obtained from HiSeq and MinION 
platforms using a hybrid assembly approach facilitated by Unicycler. To assist in the analysis, a comprehensive one-stop 
platform BacWGSTdb was employed for rapid bacterial whole genome sequence typing, bacterial source tracing, 
identification of plasmid replicons, identification of antimicrobial resistance genes, and recognition of bacterial virulence 
factors.17–19 The globally distributed strains most closely related to A. baumannii were chosen for phylogenetic analysis. 
Phylogenetic trees were constructed using Snippy, relying on recombination-free core genome SNPs (https://github.com/ 
tseemann/snippy). To visualize and interpret the phylogenetic tree and illustrate the presence/absence of various 
categories of antimicrobial resistance genes, we utilized the Interactive Tree of Life (iTOL) V5 web server 19.

Results
Antimicrobial Susceptibility Testing
W2LL displayed resistance to cephalosporins and carbapenems but was still susceptible to levofloxacin (Table 1). 
Clinical improvement was observed after switching to piperacillin-sulbactam combined with levofloxacin.
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Growth Rate and Virulence of W2LL
There was no significant difference (P > 0.05) in the growth rate of W2LL strain and ATCC 17978 at 37°C, 42°C and 
when Zn2+ was added (Figure 2). The W2LL strain was more virulent in vitro than ATCC 17978 (P < 0.05), as it killed 
40% of G. mellonella larvae within 72 hours, while the ATCC 17978 strain killed 10% within 72 hours larvae (Figure 3).

Genome Characteristics and Phylogenetic Analysis
Whole genome sequencing (WGS) unveiled W2LL as an uncommon ST1431 lineage, bearing two plasmids. One 
plasmid, measuring 92034bp, exhibits a 99.9% similarity to pCAM180A, previously identified in A. baumannii 

Table 1 Antimicrobial Susceptibility Profile of A. baumannii 
Strain W2LL

Antimicrobials MIC (μg/mL) Susceptibility

β-lactams
Ampicillin >128 R

Ampicillin-sulbactam 2 S
Piperacillin-tazobactam 8 S

Ceftazidime >128 R

Cefepime >256 R
Cefoperazone -sulbactam 2 S

Imipenem 32 R
Meropenem 32 R

Aminoglycosides
Amikacin 1 S
Fluoroquinolones S

Ciprofloxacin 0.5 S

Levofloxacin 1 S
Others
Tobramycin 2 S

Colistin 0.5 S
Trimethoprim 4 R

Abbreviations: R, resistance; S, susceptibility.

Figure 2 The growth rate of A. baumannii W2LL and ATCC 17978 strains under various conditions: (A) at 37°C, (B) at 42°C, and (C) in the presence of zinc. To assess 
differences between the means, t-tests were employed.
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CAM180-1 from Battambang, Cambodia, dated January 13, 2016. The second plasmid, sized at 76008bp, mirrors the 
sequence of pC54_002, detected in A. pittii C54 originated from Sydney, Australia, on July 14, 2014.

Notably, the WGS data corroborated the results of the antimicrobial susceptibility testing. Additionally, the β- 
lactamase gene (blaOXA-98) was detected on the chromosome, while the β-lactamase gene (blaOXA-58) was identified 
on the plasmid. Furthermore, aminoglycoside resistance genes aph(3’)-I, aac(3)-II, and the tetracycline resistance gene 
tet(39) were also detected. The presence of 35 virulence genes revealed by WGS, including Type IV pili, Hsp60, SodB, 
AdeFGH efflux pump, CsrA, Phospholipase C, LPS, OmpA.

Utilizing the full-length 16S ribosomal RNA gene sequence extracted from the WGS data, NCBI BLAST confirmed 
the species identification, with a match exceeding 99.8% for A. baumannii and less than 99.0% for other Acinetobacter 
species. The closest related strains to A. baumannii were CAM180-1 (CP044356.1), LRT (CP121375.1), LRB 
(CP121370.1), AB405E4 (ANND01000001.1), TG31306 (RFEE01000001.1), XH1056 (CP045645.1), ZWS1219 
(AMGS01000001.1), 36–1512 (CP059386.1), and FDAARGOS_540 (CP033754.1). The standard bacterial strain 
ATCC 19606 (CP045110.1) and the prevalent nosocomial strain MDR-ZJ06 (CP001937.2) in China were also included 
for comparison. Among these strains, CAM180-1 and TG31306 were found to be the most closely related to 
A. baumannii (Figure 4). However, the genetic dissimilarities between W2LL and A. baumannii CAM180_1, marked 
by 191 distinct SNPs, underscore substantial genetic disparities between these two strains.
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Figure 3 The percentage of larvae surviving after infection with A. baumannii W2LL and ATCC 17978 over a 72-hour period. Survival experiments were repeated three 
times, each involving 10 larvae per experimental group, and the most representative survival curves are presented.

Figure 4 Phylogenetic analysis of A. baumannii W2LL and other publicly available strains based on cgSNP strategy.
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Discussion
In the past two decades, there has been a growing studies detailing severe community-acquired pneumonia linked to 
A. baumannii (CAP-AB) in individuals without medical exposure or common risk factors for this pathogen. The majority 
of these cases have been documented in northern Australia and Asia, specifically in regions like Thailand, India, and 
South Korea.20–22 To date, 19 cases of CAP-AB have been reported in North America. Among these cases, 11 
necessitated mechanical ventilation, resulting in a mortality rate as high as 42%.23

With the exception of a limited number of case reports from South Korea and Iran, A. baumannii strains isolated from 
natural environments typically show susceptibility to a variety of antibiotics.24 Whole-genome phylogenetic analysis 
revealed no discernible phylogenetic distinctions between community-onset and nosocomial strains. Nevertheless, the 
bacterial characteristics of community-acquired A. baumannii remain inadequately understood when compared to 
nosocomial strains.25 In contrast to the usual cases of community-acquired A. baumannii infection associated with 
underlying conditions such as diabetes or prolonged alcohol consumption, this report highlights a rare occurrence. It 
involves a carbapenem-resistant strain of A. baumannii causing community-acquired pneumonia in a young healthy 
woman. Considering the bacterium’s impressive genetic adaptability and the intricate treatment challenges it presents, 
this incident underscores the need for increased vigilance.

With the rising popularity of whole-genome sequencing (WGS), it has been employed to trace phylogenetic relation-
ships and investigate outbreaks.26 While W2LL shows the closest relationship to CAM180_1 from Cambodia, there still 
exist 191 SNPs differences between the two isolates. Core genome multilocus sequence typing (cgMLST), a widely used 
genome-level typing method based on WGS data, comprises hundreds to thousands of core genes, significantly 
surpassing the loci used in traditional MLST (seven gene loci). The implementation of cgMLST proved highly effective 
in molecularly typing the strains within this study, significantly streamlining comparisons with similar strains globally. It 
stands as an exceptional molecular traceability tool, greatly facilitating comprehensive analyses and comparisons with 
strains worldwide.

A. baumannii carbapenem resistance is often linked to the horizontal transfer of the blaOXA-23 gene, frequently 
accompanied by the presence of the ISAba1 insertion sequence upstream.27–29 Notably, it carries the β-lactamase gene 
blaOXA-98 on its chromosome and blaOXA-58 on a plasmid. This signifies that carbapenem-resistant A. baumannii, 
harboring the blaOXA-58 resistance gene on a plasmid, suggesting caution regarding the potential emergence of highly 
virulent strains of carbapenem-resistant A. baumannii within the community.

The growth curve analysis of this strain and the G. mellonella experiment demonstrated that its growth rate is 
comparable to that of A. baumannii ATCC 17978. In fact, the G. mellonella experiment revealed that its lethality was 
more than that of the wild-type strain. Previous research has indicated that the pathogenicity of A. baumannii is linked to 
factors such as membrane porins, capsular polysaccharides, protein secretion systems, biofilm formation, metal acquisi-
tion systems, and potentially changes in its affinity for lung epithelial cells.30–32 The experimental results presented in 
this report suggest that the in vitro pathogenicity of this strain is stronger than the standard strain of A. baumannii. 
Further genome analysis has not identified any distinctive known virulence factors. It is possible that this strain possesses 
a strong ability to invade lung epithelial cells, but additional experiments are required to elucidate the associated 
virulence mechanisms.

In conclusion, while A. baumannii is typically regarded as an opportunistic pathogen, our study underscores its 
capacity to induce severe pneumonia in otherwise healthy individuals, particularly those with multidrug resistance. 
Considering the genetic adaptability of these species, the substantial risk of broad transmission, particularly from 
community to hospital environments, warrants serious attention. Further research is essential to understand its pathogenic 
and transmission mechanisms for the establishment of effective prevention and control measures.

Ethical Approval
Alveolar lavage fluid samples and clinical isolates of A. baumannii W2LL were procured during routine procedures in 
the hospital laboratory. The study strictly adhered to the principles of the Declaration of Helsinki and received approval 
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