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Objective: Lautropia mirabilis is a rare Gram-negative opportunistic pathogen, with limited clinical understanding of the infectious
diseases it causes. This study aims to provide reliable experimental data for epidemiological analysis, monitor in vitro antibiotic
susceptibility, and guide clinical treatment through the identification of this bacterium and in vitro drug susceptibility testing, along
with an analysis of patient clinical data.

Methods: From March to August 2024, sputum or bronchoalveolar lavage specimens from patients in Shanghai and Guangxi were
collected and cultured, resulting in the isolation of 38 strains of L. mirabilis. The demographic characteristics, clinical manifestations,
imaging, and microbiological data of the patients were analyzed. Identification of the strains was performed using 16S rRNA
polymerase sequencing and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS), and
in vitro drug susceptibility tests were conducted to study the microbiological characteristics of L. mirabilis. Cluster analysis was
performed using mass spectrometry, and molecular phylogenetic tree analysis was conducted to evaluate the differences among strains
from different regions.

Results: A total of 38 patients infected with L. mirabilis were collected, and the majority of these patients had underlying diseases. All
infected patients received antibacterial treatment during hospitalization and were discharged after recovery. The identification accuracy
of the strains at the species and genus levels using 16S rRNA polymerase chain reaction sequencing and MALDI-TOF MS was 100%.
Cluster and phylogenetic tree analyses revealed no significant differences among different regions and strains.

Conclusion: L. mirabilis poses a higher susceptibility risk in elderly patients with underlying diseases or weakened immunity. This
bacterium is fully sensitive to cephalosporins, aminoglycosides, and carbapenem antibiotics, while the resistance rate to fluoroquino-
lone antibiotics exceeds 50%. This study provides a more comprehensive understanding of this bacterium and offers a more thorough
reference for clinical treatment of such diseases.
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Introduction

Lautropia mirabilis is a motile, facultatively anaerobic, gram-negative coccoid bacterium from the Burkholderiaceae
family." L. mirabilis was described in 1994 by P. Gerner-Smidt et al." Both Orskov and Gerner-Smidt et al isolated the
organism from oral or upper respiratory sites. Subsequently, it has been isolated as the predominant microorganism from
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the sputum of one Australian patient with cystic fibrosis.> The organism is gram negative, facultatively anaerobic, and
oxidase positive, with cell morphology varying from coccobacilli 1 pm in diameter to spheroblast-like forms more than
10 pm in diameter. The colonies are pleomorphic. Coronavirus disease 2019 (COVID-19) has emerged as a global
concern due to its high prevalence, resulting in hundreds of millions of deaths and overwhelming healthcare systems
worldwide. Evidence has clearly indicated that the incidence of infections caused by opportunistic pathogens has
increased in association with the COVID-19 pandemic.>* With the increasing aging population and the rise of
immunocompromised individuals, the incidence of opportunistic pathogen infections in humans is rising annually.
L. mirabilis frequently infects patients with compromised immune systems, leading to subacute or chronic, localized
or disseminated, suppurative or granulomatous diseases in the lungs.” ’Currently, there are few research reports on this
bacterium. It has been previously reported that this bacterium is sensitive to cephalosporins and aminoglycoside
antibiotics;"® however, studies on its related drug sensitivity are relatively scarce. Consequently, this study analyzes
the microbiological morphology, in vitro drug sensitivity, and clinical infection characteristics of L. mirabilis to provide
a scientific basis for laboratory identification as well as clinical diagnosis and treatment of L. mirabilis infections.

Materials and Methods

Strain Source

Between March and August 2024, we collected a total of 38 strains of rare L. mirabilis. All strains were isolated from
sputum or bronchoalveolar lavage specimens, and only those strains that were cultured and isolated from the same patient
at least twice were included in the study. Among these, 27 strains were from patients treated in Shanghai, and 11 strains
were from patients treated in Liuzhou, Guangxi.

DNA Extraction, Amplification and Sequencing

Strains cultured on blood plates in an aerobic incubator at 35°C for 72 hours were used to extract genomic DNA using
the TianGen kit. The extracted DNA was sent to Shanghai Saiyin Biological Sequencing Co. Ltd. for polymerase chain
reaction (PCR) amplification of the bacterial 16S rRNA gene, utilizing the general primers 341F 5'-
CCTAYGGGRBGCASCAG-3' and 806R 5-GGACTACHVGGGTWTCTAAT-3".

Alignment and Phylogenetic Reconstruction

For phylogenetic reconstruction at various sites, first obtain suitable reference sequences from GenBank and manually
review and correct the results. Utilize the MAFFT software for multiple sequence alignment, followed by the use of
trimAl for sequence trimming to eliminate low-quality alignment sites. This process includes the removal of homologous
regions or sites that are inaccurately inferred during the multiple sequence alignment (MSA) process, as well as regions
characterized by a high frequency of insertions or deletions. Finally, the 38 sequences of 16S rRNA were merged into
a FASTA format and imported into PhyloSuite (v1.2.3). The evolutionary tree was constructed using the maximum
likelihood method with the FastTree software.

MALDI-TOF MS ldentification

The strains isolated from clinical samples were subcultured on blood agar plates and incubated in an aerobic incubator at
35°C. After 48 hours, pure colonies were collected and identified using the formic acid direct coating method. Spectrum
acquisition was conducted with the EXS3000 instrument utilizing version 3.1.2.4 software (Zybio, China). The instru-
ment’s ion source settings included a target high voltage of 19.13 kV and a lens high voltage of 1330 V, among others,
with a mass range spanning from 2000 to 20000. Bacterial identification is conducted using the EXS3000 database
version 3.1.2.4. An identification score of >2.00 indicates identification at the species level, while a score of >1.70
indicates identification at the genus level. Scores below 1.70 are deemed unreliable. For each sample, three protein
fingerprints are generated; when all three parallel tests align with the sequencing results, the identification at the highest
scoring level is regarded as correct. In this study, the identification scores of the 38 strains were all greater than 2.00,
successfully identifying the species level for all strains.
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Antimicrobial Susceptibility Test

L. mirabilis is a clinically uncommon Gram-negative bacterium. This study follows the interpretive criteria for
antimicrobial susceptibility testing as outlined by the Clinical and Laboratory Standards Institute. Nine antimicrobial
agents were selected, including ampicillin (0.064-256 pg/mL), cefuroxime (0.016-256 pg/mL), cefotaxime (0.016—
256 pg/mL), ciprofloxacin (0.002—32 pg/mL), levofloxacin (0.002-32 pg/mL), meropenem (0.008-32 pg/mL), amikacin
(0.032-512 pg/mL), tetracycline (0.064-256 pg/mL), and aztreonam (0.064-256 pg/mL). The E-test method was
employed to conduct in vitro susceptibility testing on the strains. The E-test strips utilized for this study were procured
from Wenzhou Kangtai Technology Co., Ltd. The quality control strains utilized are Escherichia coli ATCC25922 and
Staphylococcus aureus ATCC29213. Pre-experiments indicated that colonies grown on NH agar plates are easier to
emulsify than those cultivated on blood agar plates. A single colony from the blood agar plate should be picked and
subcultured onto an NH agar plate for 48 hours. Following this incubation, a pure colony was used to prepare a bacterial
suspension with a turbidity of 0.5 McFarland, which was then evenly spread across the surface of a sheep blood agar
plate. After allowing the plate to stand for 10 minutes, sterile forceps were employed to place the E-test strip onto the
sheep blood agar. The plates were subsequently incubated in an aerobic incubator for 48 hours, after which the results
were recorded. If the bacterial growth was insufficient, the observation period was extended to 72 hours.

Result

Clinical Characteristics

The study included 38 patients, comprising 19 males and 19 females. The age range of the participants was from 19 to 89
years, with those aged 60 years or older accounting for 60.6%. All patients exhibited clinical symptoms of bacterial
infection and were diagnosed with this infection after two or more lower respiratory tract specimens were cultured,
resulting in the isolation of the unusual L. mirabilis. The majority of patients presented with underlying health conditions
and low immune function. Specifically, there were 7 cases of diabetes, 12 cases of hypertension, 11 cases following
tumor surgery, 7 cases of cerebral infarction, 6 cases of coronary heart disease, and 5 cases of blood system diseases.
Among the patients, 24 exhibited significant signs of inflammatory infection in the lungs (Table 1). Fourteen patients
exhibited mild infection symptoms and were able to recover independently without the need for clinical intervention.

Table | Clinical Data of 24 Patients with L. mirabilis with More Severe Infection Symptoms

No. Gender | Age Underlying Diseases Clinical Features Treatment

NI M 66 Diabetes mellitus, coronary artery heart disease Interstitial pneumonia, Norfloxacin

cough, expectoration

N2 M 77 Hypertension, myelodysplastic syndrome Pneumonia Cefoperazone
N3 M 77 Cerebral infarction, Hypertension, diabetes mellitus Cough, fever Imipenem,
cefoperazone
N4 M 66 Coronary artery heart disease Pneumonia, Cough, Meropenem,
Expectoration, fever cefoperazone
N5 M 71 Cough, fever Emphysema, pneumonia, Biapenem

cough, Expectoration, fever
Né M 56 Right temporal parietal astrocytoma. Pneumonia, Cough, Cefmetazole

expectoration

N7 F 70 Diabetes mellitus, Hypertension, chronic pyelonephritis Pneumonia, cough, fever Piperacillin

N8 M 66 Diabetes mellitus, coronary artery heart disease Pneumonia, Cough, Norfloxacin,
expectoration biapenem

N9 M 6l Lung cancer, Post-gastrectomy. Pneumonia, Cough, Cefotaxime

expectoration

(Continued)
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Table 1 (Continued).

No. Gender | Age Underlying Diseases Clinical Features Treatment
NI10 M 83 Hypertension, cerebral infarction Pneumonia, Cough, cefoperazone
expectoration
NI F 80 Cerebral infarction Fever Cefotaxime
NI2 F 59 Hypertension Pneumonia, Cough, Meropenem
expectoration
NI3 F 64 Hypertension, Post-thyroidectomy for carcinoma of Fever, Cough, expectoration | Cefmetazole,
thyroid meropenem
NI4 M 71 Chronic obstructive pulmonary diseases, Bronchiectasis, | Cough, Expectoration, Levofloxacin,
chronic cholecystitis Fever, pneumonia meropenem
NI5 M 77 Coronary artery heart disease, Hypertension, rectal Cough, expectoration Piperacillin
cancer, carcinoma of prostate pneumonia
NI16 F 59 Recurrent headaches and dizziness for 40 years Cough expectoration, Moxifloxacin
pneumonia
NI17 M 19 Acute myelogenous leukemia M4 Type Fever, Cough, pneumonia Cefoperazone,
meropenem,
NI8 M 53 Myelodysplastic syndrome, osteomyelitis of jaw Dental pyorrhea, fever Piperacillin,
imipenem
NI9 F 79 Chronic obstructive pulmonary disease, cerebral Cough, Expectoration, Cefoperazone
infarction, Hypertension, coronary artery heart disease Fever, pneumonia
N20 F 56 Lymphoma, bone marrow transplantation Fever, cough, pneumonia Meropenem
N21 F 49 Acute leukemia Fever, Cough, pneumonia Meropenem
N22 F 57 Lymphoma Fever, Cough, Piperacillin
Expectoration, pneumonia
N23 F 48 Diffuse large B cell lymphoma Cough, expectoration Meropenem
N24 F 50 Lung cancer Pneumonia, Cough, Piperacillin
expectoration

Strain ldentification and Morphological Characteristics

The strain was isolated from sputum or bronchial lavage fluid submitted for clinical examination. The specimens
were inoculated onto blood agar plates, chocolate agar plates, and MacConkey agar plates. After being cultured in
an aerobic incubator at 35°C for 24 to 72 hours, colonies of varying sizes, ranging from white to light yellow,
exhibited a rough texture, were non-hemolytic, and displayed a dry “biting agar” phenomenon on the blood agar
plates (Figure 1A—C). After performing direct smearing of the original specimen and conducting Gram staining, the
morphology observed under the oil immersion microscope does not resemble that of typical bacteria. Instead, it
exhibits larger spherical cells (Figure 1D). Following acid-fast staining, the bacteria are stained blue, indicating
a negative result for acid-fastness.

Drug Susceptibility

The drug susceptibility test results for 38 strains indicated that the sensitivities to ampicillin, cefuroxime, ceftazidime,
meropenem, amikacin, tetracycline, and aztreonam were all 100%. However, resistance was observed for ciprofloxacin
and levofloxacin, with a resistance rate of 52.6%. No significant difference in drug sensitivity was found between strains
from Shanghai and Guangxi (Table 2).

Evolutionary Tree and Mass Spectrometry Clustering Analysis

DNA was extracted from 38 strains, followed by polymerase chain reaction (PCR) amplification of the 16S rRNA
gene of the bacteria. For phylogenetic reconstruction of various loci, the FastTree software was utilized to construct
an evolutionary tree (Figure 2). The evolutionary tree diagram indicates that the 38 strains can be categorized into
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Figure | Morphology of L. mirabilis. (A) Columbia blood agar plate culture for 24 hours and the colony morphology; (B) Columbia blood agar plate culture for 48 hours and

the colony morphology; (C) Columbia blood agar plate culture for 72 hours and the colony morphology; (D) Gram stain, magnification % 1000.

three clusters, with no significant differences observed among the strains from various regions. The strain samples

were prepared following the standard operating procedure for the formic acid extraction method. All strains were
identified as L. mirabilis using the MALDI-TOF mass spectrometer (Zybio, China). The cluster dendrogram of the

L. mirabilis species complex was generated using EX-Smartspec V1 software (Figure 3). The cluster dendrogram

indicates that the 38 strains can be categorized into three clusters, with no significant differences observed among

strains from different regions. By comparing the evolutionary tree with the cluster tree, we found no notable

regional differences among the 38 strains.

Table 2 In vitro MIC of 38 L. mirabilis Strains by E-Test Method

Antifungal Agent Number of Strains MIC/(ng/mL)
0.008 | 0.016 | 0.032 | 0.064 | 0.125 | 0.25 0.5 1 2 4 16 32
Ampicillin 5 6 6 9 10 | |
Cefuroxime | 10 6 7 I 2 |
Cefotaxime 5 15 ] 4 | | |
Ciprofloxacin | 10 6 | | 19
Levofloxacin 16 | | | 19
Meropenem 3 I 10 8 4 | |
Amikacin 3 13 15 6 |
Tetracycline 4 18 12 4
Aztreonam 37 [
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Figure 3 Cluster dendrogra of 38 L. mirabilis strains.

Discussion
L. mirabilis was initially described by Gerner-Smidt et al in 1994.® This organism is a motile, facultatively anaerobic,
gram-negative coccus that is capable of fermenting glucose, fructose, sucrose, and mannitol. It can reduce both nitrate
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and nitrite and typically gives positive results for oxidase and urease tests, with occasional weak positivity for catalase.
The cell morphology of L. mirabilis is highly polymorphic, exhibiting diameters that vary from 1 to over 10 pm.
Phylogenetic analysis based on the 16S rRNA gene sequence positions this species within a distinct branch of the beta-
subclass of Proteobacteria, where it is most closely associated with the genus Burkholderia.” While L. mirabilis has been
isolated from a variety of human sources, its potential to cause disease remains poorly understood. It was first identified
from samples taken from oral and upper respiratory regsm in the sputum of a cystic fibrosis patient'® and from the oral
cavities of children infected with the human immunodeficiency virus.''

L. mirabilis is a facultative anaerobic bacterium that exhibits optimal growth under aerobic conditions without the
requirement for CO2. Its preferred growth temperature ranges from 30°C to 44°C."? This bacterium can thrive on various
enriched media, including blood agar, chocolate agar, MacConkey agar, and MH agar. On blood agar, it displays slow
growth with no hemolytic activity. In the initial stages of culture, the colonies appear flat, dry, and round. However, with
prolonged culture time, they enlarge and develop a wrinkled, brittle texture reminiscent of volcanic craters. The colonies
typically adhere to the substrate, resulting in a “biting agar” phenomenon.'> Gram staining reveals that it is Gram-
negative, and it forms larger spherical aggregates that are difficult to emulsify and prone to aggregation, often leading to
misidentification as impurities due to their morphology.'* The identification results of MALDI-TOF MS for 38 isolates
were compared with the sequence data obtained from 16S RNA sequencing. Utilizing a cut-off score of >2.0, all isolates
(100%, n = 38) were successfully identified at the species level. In the cluster dendrogram of the 38 strains analyzed,
along with the molecular evolutionary tree constructed from 16S RNA sequencing, we observed no significant
differences between different geographical locations and strains of L. mirabilis. However, due to the limited sample
size collected, further studies are necessary to confirm this observation.

In this study, the proportion of patients over 60 years old accounted for 60.6%, all of whom had one or more
underlying diseases. A total of 24 patients exhibited significant inflammatory infection manifestations in the lungs. The
other 14 patients only showed mild symptoms of infection. Notably, 2 cases were associated with oral infections,
indicating that L. mirabilis is most commonly observed in respiratory tract infections and can also lead to local or
disseminated infections. These findings are consistent with previous literature reports.'> ' "This study found L. mirabilis
infection predominantly occurs in elderly patients who have tumors, diabetes, hypertension, or exhibit low immunity due
to the use of hormones or immunosuppressants. The human body primarily depends on cellular immune responses to
combat bacterial infections.'® Consequently, conditions that lead to reduced or impaired cellular immune function may
increase susceptibility to L. mirabilis.

For in vitro drug susceptibility studies, we employed the microbroth dilution method. However, due to the poor
emulsification effect and slow colony growth, the stability of the test results was compromised. Preliminary tests
indicated that using E-test strips for drug susceptibility testing on sheep blood agar plates yielded more reliable results.
Currently, there is no established clinical drug breakpoint for L. mirabilis. By referring to the drug susceptibility
breakpoints for other non-Enterobacterales bacteria as outlined in CLSI M100, we determined that its sensitivities to
ampicillin, cefuroxime, ceftazidime, meropenem, amikacin, tetracycline, and aztreonam were all 100%. However, it
exhibited resistance to ciprofloxacin and levofloxacin, with a resistance rate of 52.6% (20/38). The patients in this study
who were treated with cephalosporins, aminoglycosides, and carbapenems have all recovered. This outcome aligns with
the results obtained from our bacterial in vitro drug susceptibility tests. The mechanisms of drug resistance to quinolone

drugs primarily include:'®"°

mutations in the genes encoding DNA gyrase and topoisomerase IV; down-regulation of the
target porin gene expression or alterations in the activity of efflux pumps, which reduce the intracellular concentration of
quinolone drugs; and plasmid-mediated qnr genes that encode proteins conferring resistance to quinolone drugs.?’ Due to
the constraints of this research, we were unable to detect quinolone drug resistance genes in L. mirabilis. Consequently,
we cannot yet draw conclusions regarding the resistance mechanisms to ciprofloxacin and levofloxacin. Further research

will be necessary to address this issue in the future.

Conclusion
L. mirabilis is a conditional pathogenic bacterium that can lead to opportunistic infections in humans. It is crucial to
enhance our clinical understanding of this bacterium, particularly in elderly patients with compromised immune systems
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and those who have undergone extensive treatment with glycopeptides and B-lactam antibiotics. Awareness of the
correlation between this bacterium and disease infections is essential. L. mirabilis can be identified using MALDI-
TOF MS and 16S rRNA sequencing, and it can be treated symptomatically with cephalosporins, aminoglycosides, or
carbapenems.
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