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Mycobacterium wolinskyi is a rapidly growing nontuberculous mycobacterium (RGM) increasingly 
recognized as an emerging pathogen, with fewer than 30 clinical cases reported worldwide. The 
genomic landscape of this species remains poorly characterized, with only one draft genome 
sequence available in public databases. Whole-genome sequencing (WGS) of a clinical isolate 
CL_02207, recovered from a patient in India, was performed using Illumina paired-end sequencing. 
Genomic DNA was extracted using the QIAamp PowerFecal Pro DNA Kit. De novo assembly was 
conducted using SKESA, followed by quality assessment with QUAST. Genome annotation was 
performed using Prokka, and species identity was confirmed by average nucleotide identity (ANI) 
analysis using FastANI. Antimicrobial resistance genes were identified using AMRFinderPlus and 
Abricate with CARD, VFDB, and NCBI databases. Structural features including prophages, 
CRISPR-Cas systems, insertion sequences, and plasmids were analyzed using BLAST-based 
approaches. Phylogenetic analysis was performed using maximum likelihood inference with IQ-
TREE. The assembled genome comprised 249 contigs totaling 6.93 Mb with an N50 of 55, 457 bp 
and 66.66% GC content. ANI analysis confirmed species identity (98.35% vs M. wolinskyi ATCC 
700010). Prokka annotation identified 6, 788 genes including 6, 756 protein-coding sequences, 47 
tRNAs, and 9 rRNAs. Six intrinsic antimicrobial resistance genes were identified (tet(V), tap, RbpA, 
rpoB2, vanR, lfrA), conferring resistance to tetracyclines, rifamycins, glycopeptides, and 
fluoroquinolones. Thirteen virulence-associated genes were detected, including regulators of iron 
homeostasis (ideR, mbtH), stress response (sigE, sigH, sodA), and intracellular survival (phoP, 
espR). No prophages, CRISPR-Cas systems, insertion sequences, or plasmids were detected. 
Phylogenetic analysis revealed CL_02207 as a highly divergent lineage (3.49 substitutions/site) 
within M. wolinskyi. This study provides the first comprehensive genomic characterization of M. 

wolinskyi from India, revealing intrinsic multi-drug resistance and virulence potential. The high 
phylogenetic divergence suggests CL_02207 represents a distinct lineage requiring further 
investigation. These findings contribute to the growing genomic resources for this emerging 
pathogen and have implications for clinical management. 

K e y w o r d s  
 
Mycobacterium 

wolinskyi; whole-
genome sequencing; 
antimicrobial 
resistance; virulence 
factors; 
phylogenetics; 
nontuberculous 
mycobacteria; 
rapid-growing 
mycobacteria. 
 

 

 
 

Received:  

20 August 2026 
Accepted:  

28 September 2026 
Available Online:  
10 October 2026 

Article Info 

 

https://doi.org/10.20546/ijcmas.2026.1510.030
https://orcid.org/0009-0009-9753-7843
https://orcid.org/0009-0009-9753-7843


Int.J.Curr.Microbiol.App.Sci (2026) 15(10): 285-295 

286 
 

Introduction 
 
Nontuberculous mycobacteria (NTM) are ubiquitous 
environmental organisms that cause a spectrum of 
infections in humans, ranging from localized skin and 
soft tissue infections to life-threatening pulmonary and 
disseminated disease (1). Among NTM, rapidly growing 
mycobacteria (RGM) constitute approximately half of all 
validated mycobacterial species and are classified into 
six major groups based on phenotypic and genotypic 
characteristics (2).  
 
The clinical significance of RGM infections has 
increased in recent decades, driven by rising incidence, 
intrinsic antimicrobial resistance, and challenges in 
treatment (3). 
 
Mycobacterium wolinskyi is a nonpigmented, rapidly 
growing NTM species first described by Brown et al., in 
1999 as a new species related to M. smegmatis (4). 
Formerly classified within the M. smegmatis group, M. 

wolinskyi was reclassified into the M. mageritense/M. 

wolinskyi group based on phylogenetic analysis (5). This 
species is associated with bacteremia, peritonitis, 
implant/prosthesis-associated infections, and postsurgical 
skin and soft tissue infections (6-10).  
 
Despite its clinical importance, fewer than 30 cases have 
been reported worldwide, and only one draft genome 
sequence (M. wolinskyi CDC_01) has been deposited in 
public databases (11). 
 
The genus Mycobacterium comprises over 200 species 
with diverse genomic and phenotypic characteristics 
(12). Whole-genome sequencing (WGS) has 
revolutionized mycobacterial taxonomy, enabling 
accurate species identification through average 
nucleotide identity (ANI) analysis and providing insights 
into antimicrobial resistance (AMR) mechanisms and 
virulence potential (13-15).  
 
However, the genomic landscape of M. wolinskyi 
remains poorly characterized, limiting our understanding 
of its pathogenic potential and resistance mechanisms. 
 
Intrinsic antimicrobial resistance is a hallmark of RGM, 
with resistance mechanisms including efflux pumps, 
ribosomal modification, and cell wall impermeability 
(16, 17). M. wolinskyi has been shown to possess 
intrinsic macrolide resistance through erm genes (18), 
and clinical isolates demonstrate resistance to multiple 

drug classes including tetracyclines, rifamycins, and 
fluoroquinolones (19). Understanding the genomic basis 
of these resistance mechanisms is essential for guiding 
clinical management. 
 
In this study, we present the first comprehensive in-silico 
characterization of a M. wolinskyi clinical isolate 
(CL_02207) recovered from a patient in India. We 
describe the complete genome assembly, annotation, 
AMR profiling, virulence factor identification, structural 
feature analysis, and phylogenetic placement of this 
isolate relative to available M. wolinskyi strains.  
 
Our findings provide insights into the genomic diversity 
and pathogenic potential of this emerging pathogen and 
contribute to the growing genomic resources for NTM 
species. 
 
Materials and Methods 

 

Clinical Isolate and Whole-Genome Sequencing 
 
The clinical isolate CL_02207 was recovered from a 
patient specimen at (Microbiology Department, Dr 
Sampurnanand Medical College, Jodhpur) in India as 
part of routine diagnostic workup for NTM infection. 
Genomic DNA was extracted using the QIAamp 
PowerFecal Pro DNA Kit. The DNA samples were 
quantified on a Nanodrop One and Qubit using water and 
a standard as a control, respectively. Whole-genome 
sequencing was performed on the Illumina MiSeq 
platform, generating paired-end reads of 251 bp with 
approximately 47-fold coverage. The raw sequencing 
data were obtained from a private diagnostic laboratory 
and quality-filtered before analysis. 
 
Genome Assembly and Quality Assessment 
 
Raw reads were quality-filtered using fastp (v0.23.4) 
with default parameters (20). De novo genome assembly 
was performed using SKESA (v2.3.0) with the --cores 8 -
-use_paired_ends parameters (21). Assembly quality was 
assessed using QUAST (v5.2.0) (22), which calculated 
metrics including total contig number, genome size, N50, 
L50, GC content, and number of ambiguous bases. 
 

Genome Annotation and Species Identification 
 
Genome annotation was performed using Prokka 
(v1.14.6) (23) with default parameters, identifying 
protein-coding sequences (CDS), ribosomal RNA 
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(rRNA) genes, transfer RNA (tRNA) genes, and other 
non-coding RNA features. Species identity was 
confirmed by average nucleotide identity (ANI) analysis 
using FastANI (v1.33) (24) with M. wolinskyi ATCC 
700010 (GenBank accession: GCA_002101965.1) and 
CCUG 47168 as reference genomes. ANI values ≥95% 
were considered indicative of species-level identity (25). 
 
Antimicrobial Resistance Gene Detection 
 
Antimicrobial resistance (AMR) genes were identified 
using two complementary approaches. AMRFinderPlus 
(v4.2.7) (26) was used to detect resistance genes, protein 
homologs, and point mutations using the NCBI 
Reference Gene Catalog. Abricate (v1.0.1) (27) was 
employed with the Comprehensive Antibiotic Resistance 
Database (CARD) (28), Virulence Factor Database 
(VFDB) (29), and NCBI AMR database (30) for 
resistance gene screening. Genes with ≥80% identity and 
≥80% coverage were considered significant hits. 
 
Virulence Factor Analysis 
 
Virulence factors were identified by screening the 
annotated genome against the VFDB (29) using Abricate. 
Hits with ≥80% identity and ≥70% coverage were 
retained for analysis.  
 
Functional annotation of virulence-associated genes was 
performed based on orthology to Mycobacterium 

tuberculosis H37Rv reference genes. 
 
Structural Feature Analysis 
 
Prophage regions were detected using BLASTx (31) 
against a database of phage marker proteins with an E-
value cutoff of 1e-5. CRISPR-Cas systems were 
identified by BLASTx screening against Cas protein 
sequences (Cas1-Cas13) and BLASTn analysis against 
CRISPR repeat sequences. Insertion sequences (IS 
elements) were detected by BLASTn against the ISfinder 
database (32). Plasmids were identified using Abricate 
with the PlasmidFinder database (33). 
 
Comparative Genomics 
 
Pairwise ANI calculations were performed using 
FastANI to assess genetic relatedness between 
CL_02207, ATCC 700010, and CCUG 47168. A 3-way 
ANI comparison matrix was generated to visualize 

genetic distances between isolates. 
 
Phylogenetic Analysis 
 
A reference-guided SNP calling approach was employed 
for phylogenetic analysis. Reads were mapped to the 
reference genome NZ_CP185960.1 using BWA-MEM 
(v0.7.17) (34), and variants were called using bcftools 
(v1.17) (35). Consensus genomes were generated for 
each isolate using bcftools consensus.  
 
A core SNP alignment was constructed by concatenating 
variant sites across all isolates. Phylogenetic analysis was 
performed using IQ-TREE (v1.6.7) (36) with the 
GTR+F+G4 model selected by ModelFinder (37). 
Branch support was assessed using ultrafast bootstrap 
approximation where applicable. 
Visualization and Statistical Analysis 
 
Publication-quality figures were generated using R 
(v4.3.1) with ggplot2 (38) and base R graphics. 
Phylogenetic trees were visualized and annotated using 
custom R scripts.  
 
All analyses were performed using Dockerized tools to 
ensure reproducibility. 
 
Results and Discussion 

 

Genome Assembly and Quality Assessment 
 
The de novo assembly of M. wolinskyi CL_02207 
yielded 249 contigs with a total genome size of 6, 931, 
103 bp (6.93 Mb). Assembly quality metrics are 
summarized in Table 1.  
 
The N50 value was 55, 457 bp, with L50 of 62 contigs. 
The GC content was 66.66%, within the typical range for 
mycobacterial species (39).  
 
No ambiguous bases (N’s) were detected, indicating a 
high-quality assembly. 
 
Genome Annotation 
 
Prokka annotation identified 6, 788 features in the 
CL_02207 genome (Table 2).  
 
The annotation included 6, 756 protein-coding sequences 
(CDS), 9 rRNA genes (three complete 16S-23S-5S 
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operons), 47 tRNA genes representing all 20 amino 
acids, 10 non-coding RNA genes, and 12 repeat regions 
 

Table.1 Assembly Statistics for M. wolinskyi 
CL_02207 

 
Metric Value 

Total Contigs 249 
Total Length (bp) 6, 931, 103 
Genome Size (Mb) 6.93 
N50 (bp) 55, 457 
L50 62 
GC Content (%) 66.66 
Ambiguous Bases 0 
Largest Contig (bp) 247, 330 
Smallest Contig (bp) 556 

 

.Table.2 Genome Annotation Summary 
 

Feature Count 

Protein-coding sequences (CDS) 6, 756 
rRNA genes 9 
tRNA genes 47 
ncRNA genes 10 
Repeat regions 12 
Total Features 6, 834 

 

Species Confirmation 
 

ANI analysis confirmed the species identity of 
CL_02207 as M. wolinskyi (Table 3). The ANI value 
between CL_02207 and ATCC 700010 was 98.35%, and 
between CL_02207 and CCUG 47168 was 98.33%, both 
exceeding the species threshold of 95% (25). Notably, 
ATCC 700010 and CCUG 47168 showed 99.99% ANI, 
indicating very high genetic similarity between these 
reference strains. 
 

Table.3 Average Nucleotide Identity (ANI) 
Comparison 

 

Isolate 1 Isolate 2 ANI (%) 

CL_02207 ATCC 700010 98.35 
CL_02207 CCUG 47168 98.33 
ATCC 700010 CCUG 47168 99.99 

 

Antimicrobial Resistance Profile 
 

Six AMR genes were identified in CL_02207 (Table 4). 
All genes showed high identity (97.54-99.03%) to 

reference sequences and are known to be intrinsic to 
RGM species (16, 18). The resistance profile included:  
 
• Tetracycline resistance: tet(V) (97.54% identity) and 

tap (98.62% identity), encoding efflux pumps 
• Rifamycin resistance: RbpA (98.55% identity) and 

rpoB2 (99.03% identity), encoding RNA polymerase 
variants 

• Glycopeptide resistance: vanR (98.58% identity), a 
vancomycin resistance regulator 

• Fluoroquinolone resistance: lfrA (98.22% identity), 
an efflux pump 

 
No acquired resistance genes or plasmid-mediated 
resistance were detected, consistent with the intrinsic 
resistance profile of M. wolinskyi. 
 

Virulence Factor Identification 
 
Thirteen virulence-associated genes were identified in 
CL_02207 (Table 5). These genes were classified into 
five functional categories: regulation (7 genes, 53.8%), 
nutritional/metabolic (3 genes, 23.1%), stress survival (1 
gene, 7.7%), effector delivery (1 gene, 7.7%), and others 
(1 gene, 7.7%). 
 
Key virulence factors included: - Iron homeostasis: ideR 
(80.97% identity), mbtH (84.14% identity) - Stress 
response: sodA (81.57% identity), sigE (83.21% 
identity), sigH (83.21% identity) - Intracellular survival: 
phoP (82.03% identity), espR (83.44% identity) - 
Metabolic functions: narH (80.17% identity), panD 
(80.98% identity), icl (87.17% identity) 
 
Structural Feature Analysis 
 
No structural mobile genetic elements were detected in 
the CL_02207 genome (Table 6). Prophage analysis 
using BLASTx against phage marker proteins did not 
identify any prophage regions. CRISPR-Cas systems 
were absent, as confirmed by BLASTx screening against 
Cas proteins and BLASTn analysis against CRISPR 
repeats. Insertion sequences were not detected by 
BLASTn against the ISfinder database. Plasmids were 
absent as determined by Abricate screening with the 
PlasmidFinder database. 
 

Phylogenetic Analysis 
 
Maximum likelihood phylogenetic analysis of 282, 345 
core SNPs revealed CL_02207 as a highly divergent 
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lineage within M. wolinskyi (Figure). The branch length 
for CL_02207 was 3.487 substitutions/site, substantially 
longer than those of ATCC 700010 (0.0017) and CCUG 
47168 (0.0023). This remarkable divergence suggests 
CL_02207 has evolved independently from the reference 
strains for a significant evolutionary period. 
 
The phylogenetic tree was rooted using NZ_CP185960.1 
as the reference genome. The GTR+F+G4 model was 
selected by ModelFinder, with a log-likelihood of -256, 
959.33. The short branch lengths between ATCC 700010 
and CCUG 47168 (0.004 substitutions/site) indicate these 
strains are closely related, consistent with their 99.99% 
ANI. 
 

Genomic Characteristics of M. wolinskyi 

CL_02207 
 
The genome size of CL_02207 (6.93 Mb) is consistent 
with previously reported M. wolinskyi genome sizes (6.9-
7.1 Mb) (11, 40). The high GC content (66.66%) is 
characteristic of mycobacterial species and falls within 
the typical range for RGM (39). The assembly quality is 
excellent, with no ambiguous bases and a high N50 value 
(55, 457 bp), comparable to other draft genomes of NTM 
species (11, 41). 
 
The annotation identified 6, 756 protein-coding genes, 
representing approximately 97.4% coding density. This is 
consistent with other mycobacterial genomes, which 
typically exhibit high coding densities due to compact 
genome organization (42). The presence of three 
complete rRNA operons and 47 tRNAs suggests robust 
translational capacity, consistent with the rapid growth 
phenotype of this species. 
 

Species Confirmation and Genetic Relatedness 
 
The ANI analysis unequivocally confirmed CL_02207 as 
M. wolinskyi with high confidence (98.35% vs ATCC 
700010). This value exceeds both the species threshold 
(95%) and the subspecies threshold (98%) (25, 43), 
establishing CL_02207 as a member of the M. wolinskyi 
species. However, the lower ANI compared to the 
ATCC-CCUG pair (99.99%) suggests CL_02207 may 
represent a genetically distinct lineage within the species. 
 
The observation that ATCC 700010 and CCUG 47168 
are nearly identical (99.99% ANI) despite originating 
from different countries (USA and Sweden, respectively) 
suggests either a recent common ancestor or potential 

clonal dissemination. In contrast, the divergence of 
CL_02207 indicates independent evolution, possibly 
reflecting geographic isolation or ecological adaptation. 
 
Antimicrobial Resistance Mechanisms 
 
The six AMR genes detected in CL_02207 are intrinsic 
to RGM species and do not represent acquired resistance 
(16, 18, 44). This intrinsic resistance profile is consistent 
with the inherent difficulty in treating RGM infections 
with conventional antibiotics. The tetracycline resistance 
genes (tet(V), tap) encode efflux pumps that actively 
expel tetracycline from the cell, reducing intracellular 
drug concentrations (45). The rifamycin resistance genes 
(RbpA, rpoB2) encode RNA polymerase variants that 
confer reduced susceptibility to rifampin through target 
modification (46). 
 
The vanR gene, a vancomycin resistance regulator, is 
part of the intrinsic vancomycin resistance mechanism in 
RGM (47). The lfrA gene encodes a fluoroquinolone 
efflux pump that contributes to the intrinsic resistance of 
M. wolinskyi to quinolone antibiotics (48). These 
findings have important clinical implications, as the 
intrinsic resistance profile limits the therapeutic options 
for M. wolinskyi infections. 
 
Virulence Potential 
 
The 13 virulence-associated genes identified in 
CL_02207 reflect the pathogenic potential of this species. 
The high proportion of regulatory genes (53.8%) is 
consistent with the complex regulatory networks required 
for intracellular survival and adaptation to host 
environments (49). The iron homeostasis genes (ideR, 
mbtH) are essential for mycobacterial pathogenesis, as 
iron acquisition is critical for survival within 
macrophages (50). The mycobactin biosynthesis pathway 
(mbtH) enables iron scavenging from host transferrin and 
lactoferrin, a key virulence mechanism in mycobacteria 
(51). 
 
The stress response genes (sodA, sigE, sigH) encode 
proteins that protect against oxidative stress generated by 
the host immune response (52, 53). The espR gene 
regulates the ESX-1 secretion system, which is essential 
for phagosome escape and macrophage invasion in 
pathogenic mycobacteria (54). The phoP gene, a two-
component regulator, controls intracellular survival and 
lipid biosynthesis in M. tuberculosis and related species 
(55). The isocitrate lyase (icl) gene enables the 
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glyoxylate bypass, allowing mycobacteria to utilize fatty 
acids as carbon sources during macrophage residence 
(56). 
 
Absence of Mobile Genetic Elements 
 
The absence of prophages, CRISPR-Cas systems, 

insertion sequences, and plasmids in CL_02207 is 
noteworthy. While prophages are common in many 
bacterial genomes, their absence in M. wolinskyi may 
reflect either a lack of phage predation in the ecological 
niche occupied by this species or efficient phage defense 
mechanisms (57). 

 

Table.4 Antimicrobial Resistance Genes Identified in CL_02207 
 

Gene Drug Class Resistance Mechanism Identity (%) Database Source 

tet(V) Tetracycline Efflux pump 97.54 CARD, NCBI 

tap Tetracycline Efflux pump 98.62 CARD 

RbpA Rifamycin RNA polymerase binding 98.55 CARD 

rpoB2 Rifamycin RNA polymerase variant 99.03 CARD 

vanR Vancomycin Resistance regulator 98.58 CARD, NCBI, AMRFinder 

lfrA Fluoroquinolone Efflux pump 98.22 CARD 

 
Table.5 Virulence Factor Genes Identified in M. wolinskyi CL_02207 

 
Gene Category Function Identity (%) 

ideR Iron Regulation Iron homeostasis regulator 80.97 

sodA Stress Survival Superoxide dismutase 81.57 

espR Effector Delivery ESX-1 secretion regulator 83.44 

narH Anaerobic Survival Nitrate reductase 80.17 

sigE Stress Response ECF sigma factor 83.21 

sigH Stress Response ECF sigma factor 83.21 

phoP Intracellular Survival Two-component regulator 82.03 

mbtH Iron Acquisition Mycobactin biosynthesis 84.14 

relA Metabolic Regulation Stringent response 84.00 

panD Vitamin Synthesis Pantothenate biosynthesis 80.98 

mprA Drug Tolerance Two-component regulator 81.37 

sigA Transcription RNA polymerase sigma factor 84.60 

icl Carbon Metabolism Isocitrate lyase 87.17 
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Table.6 Structural Feature Analysis 
 

Feature Method Result 

Prophages BLASTx (Phage markers) Not detected 

CRISPR-Cas BLASTx + BLASTn Not detected 

Insertion Sequences BLASTn (ISfinder) Not detected 

Plasmids Abricate (PlasmidFinder) Not detected 

 

 
 

The absence of CRISPR-Cas systems suggests 
alternative immune mechanisms against foreign genetic 
elements (58). 
 
The lack of insertion sequences is consistent with the 
genomic stability observed in CL_02207, as IS elements 
are major drivers of genomic rearrangements and 
horizontal gene transfer in bacteria (59). The absence of 
plasmids is consistent with the intrinsic resistance 
profile, as no plasmid-mediated resistance genes were 
detected (60). 
 
Phylogenetic Divergence and Evolutionary 

Implications 
 
The remarkable branch length (3.49 substitutions/site) 
for CL_02207 represents a substantial evolutionary 
distance from the reference strains. This divergence may 
reflect several scenarios: (i) CL_02207 represents a 

cryptic species within the M. wolinskyi complex; (ii) 
CL_02207 has been geographically isolated for an 
extended evolutionary period; or (iii) CL_02207 has 
undergone accelerated evolution due to unique selective 
pressures. 
 
The high phylogenetic divergence has important 
implications for understanding the evolution and 
epidemiology of M. wolinskyi. Additional genome 
sequencing of isolates from diverse geographic regions 
is needed to resolve the phylogenetic relationships and 
determine whether CL_02207 represents a distinct 
lineage or subspecies. 
 
Clinical Implications 
 
The intrinsic multi-drug resistance profile of CL_02207 
has significant implications for clinical management. 
Standard RGM therapy typically includes macrolides, 
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aminoglycosides, and fluoroquinolones (61). However, 
the intrinsic resistance to tetracyclines, rifamycins, 
glycopeptides, and fluoroquinolones limits the 
therapeutic options for M. wolinskyi infections. Drug 
susceptibility testing (DST) is recommended for clinical 
isolates to guide appropriate antibiotic therapy (62). 
 
The identification of virulence factors associated with 
intracellular survival and iron acquisition suggests that 
M. wolinskyi may employ similar pathogenic 
mechanisms as other virulent mycobacteria. These 
findings highlight the need for further studies to 
elucidate the pathogenesis of M. wolinskyi infections and 
develop targeted therapeutic strategies. 
 
Limitations 
 
This study has several limitations. First, the analysis was 
performed on a single isolate, limiting the 
generalizability of findings. Second, the absence of drug 
susceptibility testing data prevents direct correlation 
between genomic resistance markers and phenotypic 
resistance. Third, the phylogenetic analysis was limited 
to three M. wolinskyi strains due to the paucity of 
publicly available genomes. Finally, the functional 
significance of virulence-associated genes requires 
experimental validation. 
 
In conclusion, this study presents the first 
comprehensive genomic characterization of a M. 

wolinskyi clinical isolate from India. The assembled 
genome (6.93 Mb, 6, 788 genes) is of high quality and 
confirms species identity by ANI analysis (98.35% vs 
ATCC 700010). Six intrinsic AMR genes were 
identified, conferring resistance to tetracyclines, 
rifamycins, glycopeptides, and fluoroquinolones, 
consistent with the difficulty in treating RGM infections. 
Thirteen virulence-associated genes were detected, 
reflecting the pathogenic potential of this species. The 
absence of mobile genetic elements suggests genomic 
stability. Phylogenetic analysis revealed CL_02207 as a 
highly divergent lineage within M. wolinskyi, suggesting 
independent evolution or potential cryptic speciation. 
 
These findings contribute to the growing genomic 
resources for M. wolinskyi and provide insights into the 
intrinsic resistance mechanisms and virulence potential 
of this emerging pathogen.  
 
The high phylogenetic divergence of CL_02207 
highlights the need for increased surveillance and 

genome sequencing of M. wolinskyi isolates from 
diverse geographic regions. Future studies should 
include drug susceptibility testing, experimental 
validation of virulence factors, and expanded 
phylogenetic analysis with additional isolates to resolve 
the evolutionary relationships within this species. 
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