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Introduction: Pantoea dispersa is a Gram-negative bacterium generally
considered as a plant pathogen and rarely causes human infections. To date,
there have been 13 studies that have documented clinical infections linked to P.
dispersa, with a primary emphasis on the initial identification of this pathogen.
The genomic features and the mechanisms underlying the pathogenesis of P.
dispersa remain largely uninvestigated. In the present study, we describe a clinical
infection caused by P. dispersa and provide the first genomic analysis of
this bacterium.

Methods: The bacterial strain designated A003 was isolated from blood
samples. Preliminary identification of strain AOO3 was conducted using
matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF)
technology (VITEK® MS, bioMérieux, France). Biochemical and antimicrobial
susceptibility assessments were carried out utilizing the VITEK-2 compact
automated microbial analysis system (bioMérieux, France). Additionally, whole
genome sequencing and subsequent analysis were performed to further
elucidate the potential pathogenicity.

Results: The bacterial isolate was cultured overnight at 35°C in a CO,-enriched
environment on Columbia blood agar, resulting in the appearance of a white,
smooth, Gram-negative rod-shaped bacterium with diameters ranging from 1 to
2 mm. Identification of strain AOO3 was achieved with a high confidence level of
99.9% as P. dispersa using MALDI-TOF mass spectrometry. The average
nucleotide identity (ANI) value between strain AO03 and the reference strain P.
dispersa DSM 30073T was 98.08%, while the DNA-DNA hybridization (DDH)
value was 84.10% (Formula 2) based on genome sequencing data, which further
confirmed that AOO3 belonged to the P. dispersa species. Comprehensive
analysis revealed the presence of 372 virulence factors, 15 antibiotic resistance
genes, 222 carbohydrate-active enzymes, and 666 genes related to Type I
secretion system (T3SS) effector proteins, as identified through the core
databases of VFDB (Virulence Factors of Pathogenic Bacteria), CARD
(Comprehensive Antibiotic Resistance Database), CAZY (Carbohydrate-Active
enZYmes Database), and T3SS. The virulence factors included type IV pili (TFP),
type VI secretion system, flagella, iron uptake system, and ompA, which are
implicated in bacterial pathogenicity. The antibiotic resistance profile indicated
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resistance to fluoroquinolones, cephalosporins, penams, macrolides, and
aminoglycosides, as annotated by the CARD database.

Conclusion: The draft genome sequenced represents the inaugural genomic
sequence of P. dispersa derived from clinical sources. This advancement may
enhance clinical practitioners’ comprehension of the organism’s clinical
attributes and serve as a foundational resource for future research into its
virulence, antibiotic resistance, and host—pathogen interactions.
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clinical infection

Introduction

The genus Pantoea, a Gram-negative, flagellated,
nonencapsulated, nonspore bacterium belonging to the family
Erwiniaceae, was proposed as a novel family based on genomic
phylogeny and taxonomy in 2016 (Adeolu et al., 2016); is wildly
found in various natural environments, such as plants, water, and soil
(Brady et al., 2008; Walterson and Stavrinides, 2015); and is generally
considered as a plant pathogen. At present, Pantoea comprises 20
validly published and correctly named species, namely, Pantoea
agglomerans, Pantoea allii, Pantoea ananatis, Pantoea anthophila,
Pantoea brenneri, Pantoea coffeiphila, Pantoea conspicue, Pantoea
cypripedii, Pantoea deleyi, Pantoea dispersa, Pantoea eucalypti,
Pantoea eucrina, Pantoea leporis, Pantoea piersonii, Pantoea
rodasii, Pantoea rwandensis, Pantoea septica, Pantoea stewartii,
Pantoea vagans, and Pantoea wallisii, in the List of Prokaryotic
names with Standing in Nomenclature (LPSN) database. Among
these species, P. agglomerans is the most prominent species in causing
human infections (Cruz et al., 2007; Dutkiewicz et al., 2016; Hassan
et al,, 2023), and a limited number of infections were attributed to P.
dispersa, P. ananatis, and P. anthophila (Schmid et al, 2003;
Manoharan et al., 2012; Zhang et al., 2023).

The P. dispersa was first proposed as a novel species in 1989
(Gavini et al., 1989) and often isolated from plants. Previous studies
have reported 13 clinical infections (Supplementary Table SI)
caused by P. dispersa across various systems, including the
respiratory, joint, hematologic, and digestive systems (Schmid
et al., 2003; Barron et al., 2006; Mehar et al., 2013; Hagiya and
Otsuka, 2014; Panditrao and Panditrao, 2018; Asai et al., 2019; Preis
et al,, 2022; Ruan et al,, 2022; Yang et al,, 2022; Ait Tamlihat et al.,
2017; Adlan et al., 2023; San et al., 2024; Sak et al., 2024). These
current studies only describe the preliminary identification of this
pathogen; the genomic features and the mechanisms underlying the
pathogenesis of P. dispersa remain largely uninvestigated. In the
present study, we describe a clinical infection caused by P. dispersa
and provide the first genomic analysis of this bacterium.
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Case presentation

A 40-year-old male patient was admitted to the emergency
department of Sanya People’s Hospital with hematemesis, dizziness,
and fatigue for 6 h on 19 June 2023. The patient had a long history
of alcoholism. Results of the abdominal computed tomography
performed at the People’s Hospital of Lingshui Li Autonomous
County, Hainan Province showed cirrhosis (decompensated stage),
splenomegaly, portal hypertension, and gastroesophageal venous
dilation throughout. Physical examination during admission
showed the following: a temperature of 36.5°C, a pulse of 116
beats/min, a respiration rate of 20 breaths/min, and a blood
pressure of 138/78 mmHg. The patient was mentally tired and
pale, showing acute illness and an anemic appearance. The skin of
the whole body was slightly yellow, and liver palms could be seen.

Admission diagnosis was as follows: acute upper
gastrointestinal bleeding, esophageal and gastric varices rupture
bleeding, peptic ulcer with acute hemorrhagic anemia,
decompensated stage of cirrhosis, portal hypertension, and
chronic liver failure. The immediate blood tests showed the
following: a total pH of 7.42, a lactic acid concentration of 3.80
mmol/L, a white blood cell (WBC) count of 5.52x10°/L (67.6%
neutrophils), an erythrocyte count of 2.72x10"*/L (normal, 4.09-
5.74x10"%/L), a hemoglobin level of 99 g/L (normal, 131-172 g/L), a
platelet count of 52x10°/L (normal, 85—303><109/L), a prothrombin
time (PT) of 17.10 s (normal, 9.80-13.20 s), and a fibrinogen level of
1.48 g/L (normal, 1.80-3.50 g/L). The liver function was very
severely deranged: a serum glutamic-oxaloacetic transaminase
level of 128 U/L (normal, 15-40 U/L), a serum glutamic pyruvic
transaminase level of 33 U/L (normal, 9-50 U/L), a total bilirubin
level of 86.9 umol/L (normal, 0-26 pmol/L), a direct bilirubin level
of 54.8 umol/L (normal, 0.3-6.8 umol/L), an indirect bilirubin level
of 32.1 umol/L (normal, 1.7-17.0 umol/L), and an albumin level of
25.2 g/L (normal, 40-55 g/L).

Based on the findings from the patient’s examination, the
following medications were given: 4 vials of pantoprazole sodium
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powder for injection (40 mg per vial), 2 vials of potassium chloride
injection (10% solution, 10 mL per vial), 6 vials of creatinine
injection (100 mg in 2 mL per vial), 3 vials of thrombin powder
(2,000 units per vial), 12 vials of octreotide injection (1 mL
containing 0.1 mg per vial), and 8 vials of magnesium
glycyrrhizinate isoglycyrrhizinate injection (10 mL containing 50
mg per vial). Despite these interventions, 3 days later, the patient’s
symptoms of upper gastrointestinal bleeding showed no
improvement. A complete blood count revealed a continued
decline in erythrocyte, hemoglobin, and platelet levels, alongside
an increase in prothrombin time and hypersensitive C-reactive
protein levels (7.9 mg/L, with a normal range of 0-5.0 mg/L). The
microbiology laboratory within the clinical laboratory department
reported critical findings from blood cultures, identifying Gram-
negative bacilli in both aerobic and anaerobic cultures. P. dispersa
was ultimately identified, and the patient was treated with a
combination of cefazoxime and ciprofloxacin as part of the anti-
infective regimen. Unfortunately, the patient’s condition did not
improve, and he subsequently exhibited signs of sepsis. Ultimately,
the patient’s family requested his discharge from the hospital on 27
June 2023.

Materials and methods
Blood cultures

Blood samples from the patient were collected and transferred
to the microbiology laboratory within the clinical laboratory
department. Then, we performed two sets of blood cultures for
the patient according to standard guidelines. The blood culture
bottles that we used were BacT/Alert FN (BCBs) (bioMeérieux) and
incubated in the BacT/Alert 3D automated blood culture system
(bioMérieux). Two blood cultures were both positive, and the broth
was transferred to Columbia blood agar plates using a vaccination
needle, and 10-uL bacterial circles were marked on it. The culture
was incubated at 35°C with 5% CO, and in anaerobic bags for 24
and 48 h, respectively, and for 2 to 8 h to check the growth of
colonies on the medium.

Bacterial identification

The bacteria colonies with homogeneous morphology were
observed on the Columbia blood agar plates. We selected the
colonies and transferred them directly to the target plate, added a
ready-to-use CHCA matrix, and fed the samples to VITEK® MS
(bioMérieux, France), which is an automated mass spectrometry
microbial identification system that uses matrix-assisted laser
desorption ionization time-of-flight (MALDI-TOF) technology.
The biochemical test was operated by a VITEK-2 GN card and
loaded into the VITEK-2 compact (bioMerieux, France) automatic
microbial analysis system. Antimicrobial susceptibility tests were
performed on the isolate strains according to clinical and laboratory
requirement standards for Enterobacteriaceae by the VITEK-2
automatic microbial system (bioMeérieux, France).

Frontiers in Bacteriology

10.3389/fbrio.2024.1445804

Whole genome sequencing and analysis

The genome DNA was extracted from the overnight pure isolates
using the TTANamp Bacteria DNA Kit (TTAGEN BIOTECH, China)
according to the manufacturer’s recommendations. The draft
genome of the isolated strain was sequenced using the DNBSEQ
platform at the Beijing Genomics Institute (Shenzhen, China). The
paired-end libraries of 150:150 bp were generated, and an average
size of 350-bp fragmented genome DNA was inserted for
sequencing. Raw reads of low quality from paired-end sequencing
(those with consecutive bases covered by fewer than five reads) were
discarded. Then, the filtered sequenced reads were assembled using
the SOAP de novo v1.05 software. Gene prediction was performed by
glimmer3 (http://www.cbcb.umd.edu/software/glimmer) with
Hidden Markov models. The genomic identity was assessed using
average nucleotide identity (ANI) and DNA-DNA hybridization
(DDH) metrics based on OrthoANIu (Lee et al., 2016) and GGDC
(https://ggdc.dsmz.de/). The phylogenetic tree based on the 16S
rRNA gene was constructed by MEGA X (Kumar et al., 2018). The
functional annotation of the isolate’s genes was conducted utilizing
the KEGG (Kyoto Encyclopedia of Genes and Genomes) (Kanehisa
and Goto, 2000), COG (Clusters of Orthologous Groups) (Tatusov
et al., 2000), and Swiss-Prot databases. The prediction of
pathogenicity and drug resistance was performed by the core
database of VFDB (Virulence Factors of Pathogenic Bacteria)
(Chen et al,, 2016), CARD (Comprehensive Antibiotic Resistance
Database) (Marchler-Bauer et al., 2013), and CAZY (Carbohydrate-
Active enZYmes Database) (McArthur et al., 2013). Additionally,
Type IIT secretion system (T3SS) effector proteins were identified
using the Effective T3 tool (Arnold et al., 2009).

Results

The preliminary identification of Pantoea
dispersa A0O03

The bacterial colonies appeared on Columbia blood agar after
being cultured overnight at 35°C with 5% CO,. The colonies were
white, smooth, and moist, and had diameters between 1 and 2 mm
(Figure 1A). The Gram stain showed that the isolate was a Gram-
negative rod bacterium (Figure 1B). We named the bacteria isolates
as A003, and then we identified them by MALDI-TOF technology.
The results showed that the isolated strain A003 was matched to P.
dispersa with a high confidence level of 99.9% (Figure 1C). The
antimicrobial susceptibility tests revealed that strain A003 was
susceptible to almost all tested antibiotics (Table 1). The
biochemical results are shown in Table 2 by testing with the
VITEK-2 compact automatic microbial system.

The whole genome sequencing of Pantoea
dispersa A0O03

To further explore the genome characteristics and pathogenicity
of the clinical isolate, we performed whole genome sequencing and
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Isolation and identification of Pantoea dispersa strain AOO3. (A) Bacterial colonies on Columbia blood agar at 35°C with 5% CO, for 24 h. (B) Gram
stain. (C) The spectrogram with protein molecular mass of the strain acquired by MALDI-TOF MS.

analysis. The draft genome of P. dispersa A003 obtained 5,062,257 bp
(N50, 229,566 bp) and assembled into 106 contigs with 57.41% GC
content. The genome contained 4,823 genes, including 4,167
(86.39%) protein-coding genes, 69 tRNA genes, 8 rRNA (6 copies
of 55, 1 copy of 168, and 1 copy of 23S rRNA) genes, 146 sSRNA
genes, and 276 tandem repeat sequences (Table 3). Furthermore, the
full-length 16S rRNA gene sequence (1,515 bp) extracted from the
newly sequenced genome had 99.54% similarities to the P. dispersa
type strain DSM 30073 in the National Center for Biotechnology
Information (NCBI) nonredundant database by using the BLASTn
program. The phylogenetic tree based on the 16S rRNA gene
sequence, which was constructed using the neighbor-joining
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method by MEGA X, showed that the strain A003 was clustered
with the P. dispersa type strain DSM 30073 with a high bootstrap
value of 97% (Figure 2). The genome identification based on the
OrthoANTu algorithm and DDH showed that the ANI value between
strain A003 and P. dispersa DSM 30073T was 98.08%, and the DDH
value was 84.10% (Formula 2), which further confirmed that the
strain A003 belonged to the P. dispersa species. The results of gene
function annotation revealed that 3,793 (78.64%) and 3,295 (68.31%)
genes were annotated to COG and KEGG databases, respectively.
The gene function subjected to COG classification was related to
cellular processes, genetic information, and metabolism (Figure 3A).
The KEGG annotation results showed that 198 genes were predicted
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TABLE 1 The antimicrobial susceptibility test of Pantoea dispersa A003.

10.3389/fbrio.2024.1445804

TABLE 3 The genome information of Pantoea dispersa A003.

Antimicrobial agents  MIC (ug/mL) Interpretation
Ampicillin <8 S Size (base) 5,062,257

Gentamicin <1 S G+C content (%) 57.41

Amikacin <4 S Contigs 106

Ciprofloxacin <0.06 S N50 (base) 229,566

Ceftriaxone <1 N Protein coding genes 4,167

Cefuroxime <8 S Coding ratio (%) 86.39

Cefoxitin <8 S tRNAs 69

Ampicillin/Sulbactam <2/1 S rRNAs 8

Imipenem <1 S sRNAs 146

Meropenem <1 S Tandem repeat sequences 276

Co-trimoxazole <0.5/9.5 S

Piperacillin/Tazobactam <4/4 S to be associated with human diseases, mainly including cancer,
Levofloxacin o1 s infectious diseases, and drug resistance (Figure 3B).

Ceftazidime <4 S

Chloramphenicol <8 s The pathogenic prediction of Pantoea
Cefoperazone/Sulbactam =16/8 S dlsp ersa A003

Minocycline =4 S We aligned the genome with the VFDB, CARD, and CAZY
Ticarcillin/Clavulanic acid <4/2 S database to analyze the potential pathogenicity of strain A003. A

MIC, Minimum Inhibitory Concentration; S, sensitive; I, intermediate; R, resistant.

TABLE 2 The biochemical test of Pantoea dispersa A003.

Item Value Item Value Item Value
APPA - ADO - PyrA +
IARL - dCEL + BGAL +
H2S - BNAG + AGLTp -
dGLU + GGT + OFF +
BGLU - dMAL + dMAN +
dMNE + BXYL - BAlap -
ProA - LIP - PLE -
TyrA + URE - dSOR -
SAC + dTAG - dTRE +
CIT + MNT - 5KG -
ILATk + AGLU - SUCT +
NAGA + AGAL - PHOS +
GlyA - oDC - LDC -
IHISa - CMT + BGUR -
O129R + GGAA - IMLTa -
ELLM - ILATa -

The biochemical test was performed by the VITEK-2 compact automatic microbial
analysis system.
+, positive; -, negative.
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total of 372 virulence factors were obtained through the core
database of VFDB, which was divided into 14 categories. The
highest number was related to nutritional/metabolic (86),
followed by immune modulation (70) and motility (70)
(Figure 4A). These virulence factors include type IV pili (TFP),
type VI secretion system, flagella, iron uptake system, and ompA,
which are associated with bacterial pathogenicity (Table 4). A total
of 15 antibiotic resistance genes were predicated with the CARD
database (Figure 4B), mainly related to antibiotic efflux and
antibiotic inactivation. The drug resistance primarily includes
fluoroquinolone antibiotic, cephalosporin, penam, macrolide
antibiotic, and aminoglycoside antibiotic (Table 5). The
carbohydrate-active enzyme annotation was carried out by the
CAZY database, and glycoside hydrolases (GHs, 98) were highest,
followed by glycosyl transferase (GTs, 89) (Figure 4C). Additionally,
we performed the T3SS prediction, which has a close relationship
with Gram-negative pathogens, and the 666 T3SS effector-related
genes were detected.

Discussion

Considering the previous cases, we find that P. dispersa can be
isolated from different types of patients, such as neonates and
adults, as well as immunocompromised and immunocompetent
patients. In addition, P. dispersa can cause infection of different
systems, such as the respiratory, joint, blood, digestive, and skin.
Infections caused by P dispersa are more likely to occur in
immunocompromised patients and usually present with high
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The phylogenetic tree based on the 16S rRNA gene sequence revealed the relationship between the Pantoea dispersa strain AOO3 (red arrow) and
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TABLE 4 The virulence factor profile of Pantoea dispersa A003.

Virulence factor Annotation Numbers
Adherence 41
PpilL, pilM, pilN, pilO, pilP, pilQ, pilR, pilS, pilT, pilV, vfr, rpoN, tapQ, stjC, stbA, mrfF, IngT Fimbrial [Type IV pili (TEP), Stj, Stb, mrf, IngT] 21
htpB, nmpC, hcpA, hepB, hepC Hsp60, OmpD, HCP 8
Effector delivery system 37
tssB (hsiB1/vipA), tssC, hepl, tssE (hsiF1), tssF (hsiG1), tssG (hisH1), ClpV1, vgrG, tssK (vasE), Type VI secretion system protein 16
tssL (dotU)
Motility 70
filA, fliC, fliD, fliE, fliF, fliG, fliH, flil, fli], fliK, flil fliM, fliN, fliO, filp, fliQ, fliR, fliS, fliT, fliZ, Flagella, peritrichous flagella, polar flagella 70
fIhA, fihB, flnC, fIhD, flhE, flgA, figB, flgC, flgD, fIgE, flgF, flgG, figH, figl, flgJ, figK, flgL, flgM,
flgN, flmH, motA, motB, cheA, cheB, cheD, cheM, cheR, cheY, cheW, cheZ, tcy], nueA, tar, tsr
Iron uptake system 15
Fur Ferric iron uptake transcriptional regulator 1
fepB, fepC, fepG, entS, fes Enterobactin transporter 5
fepA, pvuA TonB-dependent siderophore receptor 3
(Continued)

Frontiers in Bacteriology

07

frontiersin.org



https://doi.org/10.3389/fbrio.2024.1445804
https://www.frontiersin.org/journals/bacteriology
https://www.frontiersin.org

Wang et al.

TABLE 4 Continued

10.3389/fbrio.2024.1445804

Virulence factor Annotation Numbers
fepD Ferric siderophore ABC transporter permease 3
SfopC, hitC Iron ABC transporter ATP-binding protein 3
Exotoxin 5
hlyA, hiylll, acpC, cysCl, argK Hemolysin HlyA, hemolysin III, hemolysin/ 5
cytolysin, phytotoxin phaseolotoxin,
Invasion 3
ompA Outer membrane protein A 2
ail attachment invasion locus protein 1

TABLE 5 The antibiotic resistance gene profile of Pantoea dispersa AO03 by the CARD database.

AMR gene family Drug class Resistance %
mechanism  identity

msbA ATP-binding cassette (ABC) antibiotic Nitroimidazole antibiotic Antibiotic efflux 88.28
efflux pump

adeF Resistance-nodulation-cell division (RND) Fluoroquinolone antibiotic, tetracycline antibiotic Antibiotic efflux 60.19
antibiotic efflux pump

Klebsiella Major facilitator superfamily (MFS) Macrolide antibiotic, aminoglycoside antibiotic, cephalosporin, Antibiotic efflux 71.79

pneumoniae antibiotic efflux pump tetracycline antibiotic, peptide antibiotic, rifamycin antibiotic

KpnE

Kilebsiella Major facilitator superfamily (MFS) Macrolide antibiotic, aminoglycoside antibiotic, cephalosporin, Antibiotic efflux 75.73

pneumoniae antibiotic efflux pump tetracycline antibiotic, peptide antibiotic, rifamycin antibiotic

KpnF

ImrD ATP-binding cassette (ABC) antibiotic Lincosamide antibiotic Antibiotic efflux 100
efflux pump

Escherichia ampC-type beta-lactamase Cephalosporin, penam Antibiotic 7249

coli ampH inactivation

emrR Major facilitator superfamily (MFS) Fluoroquinolone antibiotic Antibiotic efflux 80.7
antibiotic efflux pump

Klebsiella Major facilitator superfamily (MFS) Macrolide antibiotic, fluoroquinolone antibiotic, aminoglycoside Antibiotic efflux 88.38

pneumoniae antibiotic efflux pump antibiotic, carbapenem, cephalosporin, penam, peptide antibiotic

KpnH

amrB Resistance-nodulation-cell division (RND) Aminoglycoside antibiotic Antibiotic efflux 100
antibiotic efflux pump

adeF Resistance-nodulation-cell division (RND) Fluoroquinolone antibiotic, tetracycline antibiotic Antibiotic efflux 41.87
antibiotic efflux pump

smeE Resistance-nodulation-cell division (RND) Macrolide antibiotic, fluoroquinolone antibiotic, tetracycline Antibiotic efflux 100
antibiotic efflux pump antibiotic, phenicol antibiotic

CRP Resistance-nodulation-cell division (RND) Macrolide antibiotic, fluoroquinolone antibiotic Antibiotic efflux 99.52
antibiotic efflux pump

abcA ATP-binding cassette (ABC) antibiotic Cephalosporin, penam, peptide antibiotic Antibiotic efflux 100
efflux pump

AAC(3)-1V AAC(3) Aminoglycoside antibiotic Antibiotic 100

inactivation

Haemophilus Penicillin-binding protein mutations Cephalosporin, cephamycin, penam Antibiotic 54.08

influenzae conferring resistance to beta- target alteration

PBP3 lactam antibiotics
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fever and infection-related symptoms. In our study, P. dispersa
A003 was isolated from a 40-year-old male patient with a severe
immune deficit according to his history of liver cirrhosis and blood
routine results, which were consistent with some previous cases.
However, the patient did not have a high fever or obvious infection-
related symptoms. Because of the scarcity of P. dispersa infection, its
clinical features remain unclear and may decrease the accuracy of
clinical identification. Additionally, previously reported cases
showed that P. dispersa infection may cause bloodstream
infection (BSI) after admission (Hagiya and Otsuka, 2014;
Panditrao and Panditrao, 2018; Ruan et al., 2022), indicating that
the clinical staff should pay more attention to P. dispersa with the
increase and gravity of nosocomial BSI.

Importantly, in the reported cases, most were detected by
MALDI-TOF, and half of them were identified by 16S rRNA gene
sequencing, which only provides a preliminary identification of the
bacteria species. In our study, we performed genome sequencing
and obtained the first clinically sourced genome sequence of P.
dispersa. The analysis of the A003 genome data led to the
identification of several virulence factors, such as the genes
associated with the TFP, T6SS, flagella, iron uptake system,
ompA, and secretion of toxins such as hemolysin. These virulence
genes may play a role in niche adaptation, colonization, and
pathogenesis in a wide range of hosts.

TFP, which are thin filaments covalently anchored to the bacterial
cell wall and extend toward the environment, can mediate an array of
essential tasks, including cell adhesion, motility, aggregation, and the
secretion of proteolytic enzymes and colonization factors, and have
been found in human pathogens, such as Escherichia coli and Vibrio
cholerae (Craig et al., 2019; Pelicic, 2008; Craig and Li, 2008). T6SS is a
versatile protein secretion machinery that can target eukaryotic cells,
which is essential for entry and multiplication within host
macrophages (Clemens et al, 2018). T6SS was shown in human
pathogen Pseudomonas aeruginosa and V. cholerae, which functions
as a delivery apparatus of bacterial toxins into the host cells (Pukatzki
etal.,, 2006; Mougous et al., 2006). Moreover, we also detected the gene
hep, which is regarded as one of the secreted effectors of T6SS, and it
forms a tube in the outer component of the T6SS apparatus. The genes
vgrG and ClpV were also detected, which facilitate the translocation of
effector proteins to mediate microbe-host interactions and enables a
new T6SS complex to be reassembled from the released subunits
(Cianfanelli et al., 2016; Ho et al., 2014). Flagella are typically regarded
as significant virulence factors that can facilitate motility and
chemotaxis, allowing bacteria to travel to more favorable
environments (Duan et al., 2013; Nakamura and Minamino, 2019).
Iron is an important element for survival and colonization by bacteria
since it plays a crucial role in the electron transport chain to produce
energy. Iron acquisition systems are used by bacteria to scavenge iron
from the environment under iron-restricted conditions (Andrews
et al, 2003; Krewulak and Vogel, 2008). Therefore, successful
competition for iron is crucial for pathogenicity. In the iron uptake
category, we detected the genes encoding proteins related to iron
uptake and transport, including ferric iron uptake transcriptional
regulator (fur), enterobactin transporter (fepB, fepC, fepG, entS, and
fes), TonB-dependent siderophore receptor (fepA and pvuA), ferric
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siderophore ABC transporter permease (fepD), and iron ABC
transporter ATP-binding protein (fbpC and hitC). These
siderophore systems could be an essential genetic determinant for
the growth, virulence, and potential pathogenicity of P. dispersa A003.
Additionally, we also found the gene ompA, which plays an essential
role in bacterial adhesion, invasion, and intracellular survival along
with evasion of host defenses or stimulators of pro-inflammatory
cytokine production (Confer and Ayalew, 2013). The A003 strain also
harbored genes involved in hemolysis. These genes code for
extracellular cytotoxic proteins, which are known virulence factors
that target cell membranes, causing erythrocyte lysis (Vandenesch
et al,, 2012). Furthermore, we identified 666 genes associated with
T3SS effectors, which are essential for the pathogenicity of various
Gram-negative bacteria, including E. coli, Salmonella, Shigella, and
Yersinia (Ruano-Gallego et al., 2021). Taken together, all these
virulence genes detected in A003 could be an essential genetic
determinant for the growth, virulence, and potential pathogenicity
of P. dispersa A003. Moreover, the carbohydrate-active enzyme
annotation was carried out by the CAZY database, and glycoside
hydrolases (GHs, 98) were the highest, followed by glycosyl transferase
(GTs, 89), which may play important roles in the pathogenicity of
many bacteria (St John et al., 2023; Hashimoto et al., 2007).

The genome data and results showed that the A003 genome carried
out 15 antibiotic resistance genes conferring resistance to clinically
important antibiotics, including fluoroquinolone, cephalosporin,
penam, macrolide, and aminoglycoside. However, the antimicrobial
susceptibility tests revealed that strain A003 was susceptible to almost
all test antibiotics, which could be due to the poor concordance between
bacterial resistance genotype and phenotype. In addition, another
reason may be the scarcity of the P. dispersa clinical infection. The
antibiotic resistance gene result suggested that the clinical staff should
pay more attention to P. dispersa with the increasing drug resistance of
clinical Gram-negative bacteria.

In conclusion, we report a clinical infection case of P. dispersa
isolated from a 40-year-old male patient with liver cirrhosis and
gastric varicose hemorrhage. The clinical isolate was identified and
analyzed using MALDI-TOF MS and whole genome sequencing.
The clinical phenotype and pathogenesis of P. dispersa infections
remain largely unknown due to the relatively limited number of
documented cases; the current cases may indicate an emerging
pathogen in medical practice and deserve the attention of clinicians.
The draft genome obtained in this study represents the first
clinically sourced genome sequence of P. dispersa. This resource
could assist clinical staff in better understanding the organism’s
clinical characteristics and provide a foundation for further
investigations into its virulence factors, antibiotic resistance, and
host-pathogen interactions.
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