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Abstract
Background  Klebsiella michiganensis, a member of the Klebsiella oxytoca species complex, is increasingly recognized 
in healthcare-associated infection and can persist in hospital environmental reservoirs. However, genome-resolved 
data on environmental K. michiganensis from Africa remain limited.

Methods  We performed short-read whole-genome sequencing (WGS) of an isolate recovered from a wheelchair 
handle in the orthopedic ward of a tertiary hospital in Mwanza, Tanzania. The isolate was initially recorded during 
routine surveillance as an unidentified Gram-negative ESBL bacterium and was provisionally identified phenotypically 
as K. oxytoca using routine laboratory methods. Draft assemblies were analyzed using the rMAP-2.0 bioinformatics 
pipeline. Genome-based taxonomic assignment using GTDB-Tk and ANI reclassified the study isolate as Klebsiella 
michiganensis. We then contextualized this genome with publicly available African K. michiganensis genomes and 
generated a core-genome phylogeny visualized in iTOL.

Results  GTDB-Tk reclassified the study isolate A55848, and the comparator public genomes included in the final 
revised phylogeny as Klebsiella michiganensis, with the closest GTDB reference genome being GCF_002925905.1 and 
an ANI of 98.97% for A55848. The Tanzanian environmental isolate carried IncFIB(K) and IncFII(K) plasmid replicons, 
together with Col440I/Col440II. ResFinder-based screening identified a multidrug resistance gene repertoire including 
blaOXY family alleles (e.g., blaOXY-1-2), blaTEM-1B, oqxA/oqxB, aph(3′)-Ia, aac(6′)-Ib, and aadA2, consistent with an MDR 
genotype. Phenotypic testing demonstrated an ESBL profile with reduced susceptibility to oximino-cephalosporins 
and piperacillin–tazobactam, while susceptibility to meropenem, amikacin, and ciprofloxacin was retained. MLST did 
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Introduction
 Klebsiella michiganensis is a member of the Klebsiella 
oxytoca species complex and is increasingly recognized 
as an opportunistic healthcare-associated pathogen [1, 
2]. Because species within the complex can be difficult to 
distinguish using routine phenotypic methods, isolates 
may be misidentified or reported as K. oxytoca unless 
genome-based taxonomy is applied [2, 3]. Like other 
members of the complex, K. michiganensis can persist 
in hospital environments, including sinks, drainage sys-
tems, surfaces, and shared medical equipment, creating 
opportunities for transmission to patients and healthcare 
workers, particularly in high-contact clinical areas [4, 5]. 
Outbreak investigations have further shown that con-
taminated hospital infrastructure, including handwash-
ing sinks and wastewater systems, can act as long-term 
reservoirs for multidrug-resistant strains within the K. 
oxytoca species complex [4, 6, 7].

The emergence of multidrug resistance (MDR) in 
K. michiganensis further complicates infection pre-
vention and control. Resistance determinants are 
often associated with mobile genetic elements, par-
ticularly IncF-family plasmids such as IncFIB(K) and 
IncFII(K), which are known to carry extended-spec-
trum β-lactamase (ESBL) and carbapenemase genes 
and facilitate horizontal gene transfer across Entero-
bacterales. These plasmid backbones contribute to the 
rapid dissemination of antimicrobial resistance within 
and between healthcare settings [8–10].

Despite increasing recognition of K. michiganensis as a 
clinically relevant and environmentally persistent organ-
ism, genome-resolved data from African settings remain 
limited. There is a paucity of studies characterizing envi-
ronmental isolates and their role in sustaining antimi-
crobial resistance within hospital ecosystems. In this 
study, we performed whole-genome sequencing of an 
environmental K. michiganensis isolate recovered from 
a wheelchair handle in an orthopedic ward in Mwanza, 
Tanzania. We further contextualized this isolate within 

a comparative set of publicly available African genomes 
to investigate its phylogenetic relationships, plasmid 
content, and antimicrobial resistance determinants, 
with implications for infection prevention and genomic 
surveillance.

Materials and methods
Study setting, sampling, and initial identification
On 16 January 2020, a surface swab was collected from 
the handle of a wheelchair in the orthopedic ward (E8) 
of a tertiary referral hospital in Mwanza, Tanzania (study 
code ORTHO-014E; isolate ID A55848). During routine 
surveillance, the culture-positive isolate was initially 
recorded on site as an unidentified Gram-negative organ-
ism with an ESBL-like phenotype on screening. Subse-
quent phenotypic species identification using the VITEK 
system, performed according to local standard operating 
procedures, classified the isolate as Klebsiella oxytoca.

DNA extraction, sequencing, and genomic read processing
Genomic DNA was extracted at the Makerere Univer-
sity Molecular Biology Laboratory using commercially 
available extraction kits following the manufacturer’s 
instructions. Whole-genome sequencing was per-
formed at the Earlham Institute (Norwich, United 
Kingdom) using the Low Input, Transposase Enabled 
(LITE) Illumina library preparation protocol and 
sequenced on the NovaSeq 6000 platform to generate 
2 × 150 bp paired-end reads.

Raw FASTQ files were processed using a reproducible 
Workflow Description Language (WDL) [11]. Read-level 
quality assessment was performed with FastQC [12]. 
Adapter sequences and low-quality bases were removed 
using Trimmomatic [13] in paired-end mode, applying 
sliding-window quality trimming and minimum read-
length filtering (Phred + 33 encoding), to generate high-
quality paired-end reads for downstream analysis.

not assign a recognized sequence type. Comparative analysis showed that African genomes frequently harbored 
IncFIB(K)/IncFII(K) replicons and clinically important β-lactamases, including blaCTX-M-15 and blaOXA-1, with one 
isolate carrying blaNDM-1. Core-genome phylogeny further indicated that related K. michiganensis lineages occur 
across multiple African countries and that MDR is not confined to a single lineage, supporting resistance acquisition 
within shared genomic backgrounds.

Conclusions  Recovery of an MDR Klebsiella michiganensis from an orthopedic ward wheelchair handle, carrying 
IncF-family plasmid replicon signatures together with multiple antimicrobial resistance determinants, underscores the 
potential for hospital environmental surfaces to serve as reservoirs of resistance. These findings highlight the value 
of strengthening targeted environmental hygiene and integrating routine genome-informed surveillance to detect, 
monitor, and mitigate transmission risks in African hospital settings.

Keywords  Klebsiella michiganensis, Antimicrobial resistance, Hospital environment, Orthopedic ward, Plasmids, 
IncFIB(K), IncFII(K), Whole-genome sequencing, Tanzania
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Genome assembly and quality assessment
Trimmed paired-end reads were assembled de novo 
using MEGAHIT [14] with default parameters and a 
minimum contig-length threshold of 50 bp. The result-
ing draft assemblies were exported in FASTA format for 
downstream analyses. Assembly quality metrics, includ-
ing total assembly length, number of contigs, and N50, 
were calculated from the assembly outputs and used to 
assess contiguity and completeness. Quality control sum-
maries for sequencing and assembly outputs were com-
piled within the reproducible workflow and reviewed 
using workflow-generated QC reports.

Comparative genome dataset selection
To contextualize the study, isolate within regional diver-
sity, a comparative set of publicly available Klebsiella 
michiganensis genomes was assembled from the NCBI 
Sequence Read Archive (SRA). Datasets were included 
based on the following criteria: (i) assignment to K. 
michiganensis within the Klebsiella oxytoca species com-
plex, (ii) African geographic origin, and (iii) availability 
of Illumina short-read sequencing data suitable for stan-
dardized downstream processing. Relevant SRA acces-
sion numbers were identified through targeted database 
searches and retrieved for analysis.

Genome-based species confirmation
Species identity was confirmed using a genome-based 
classification framework incorporating Average Nucleo-
tide Identity (ANI), GTDB-Tk [15], and BLAST [16] 
analysis. ANI was calculated with FastANI [17] against 
the selected Klebsiella michiganensis reference genome 
to assess whole-genome similarity. Taxonomic assign-
ment was further evaluated using GTDB-Tk, which 
places genomes within a standardized phylogenomic 
framework. In addition, BLAST analysis was performed 
to provide sequence-level confirmation of species iden-
tity based on similarity to publicly available reference 
genomes.

Read mapping and variant calling
Trimmed reads were mapped against the Klebsiella 
michiganensis reference genome GCF_002925905.1 using 
BWA-MEM [18]. Resulting alignments were processed 
with SAMtools [19] to generate sorted and indexed BAM 
files. Variant calling was then performed with bcftools 
[20] to identify single nucleotide polymorphisms (SNPs) 
and small insertions/deletions (indels). To retain high-
confidence variants for downstream analyses, calls were 
filtered using minimum thresholds for read depth, base 
quality, and mapping quality.

Core-genome SNP alignment and recombination filtering
Core-genome single SNPs shared across isolates were 
extracted using the Snippy [21] workflow to generate a 
multiple sequence alignment for comparative analysis. 
Sites containing missing data or ambiguous base calls 
were excluded to retain a high-confidence core SNP 
alignment. To reduce the confounding effects of homolo-
gous recombination, recombinant regions were identified 
and masked using Gubbins [22], and the resulting recom-
bination-filtered alignment was used for downstream 
phylogenetic inference.

Phylogenetic analysis
Maximum-likelihood phylogenetic inference was per-
formed using IQ-TREE [23] based on a recombina-
tion-filtered core-genome SNP alignment. Prior to tree 
construction, homologous recombination was identified 
and masked using Gubbins, and the resulting filtered 
alignment was used as input for phylogenetic analysis. 
The optimal nucleotide substitution model was selected 
automatically using the model selection function imple-
mented in IQ-TREE. Branch support was assessed using 
bootstrap resampling to evaluate the robustness of the 
inferred phylogenetic relationships.

SNP distance analysis
Pairwise SNP distances between genomes were calcu-
lated using snp-dists based on the recombination-filtered 
core-genome SNP alignment. The resulting SNP distance 
matrix was used to quantify genomic relatedness among 
isolates and to support interpretation of phylogenetic 
clustering patterns.

Phylogenetic visualization and annotation
The resulting phylogenetic tree was visualized using the 
Interactive Tree of Life (iTOL) platform [24]. Isolate-
associated metadata, including country of origin, isola-
tion source, and multilocus sequence type (MLST), were 
integrated and displayed as annotation tracks to facili-
tate epidemiological interpretation of clustering patterns 
within the tree.

Resistome and plasmid analysis
Antimicrobial resistance determinants were identi-
fied using ResFinder [25] based on assembled genome 
sequences. Putative plasmid sequences were recon-
structed using MOB-suite [26], which was also used to 
assign contigs to predicted plasmid bins and infer plas-
mid-associated features. Plasmid replicon typing was 
performed to identify major incompatibility groups and 
to evaluate the association of resistance genes with spe-
cific plasmid backbones.
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Virulence gene analysis
Putative virulence-associated genes were identified 
using curated virulence databases, including the Com-
prehensive Antibiotic Resistance Database (CARD) 
[27]. Genome assemblies were screened against these 
databases to detect genes associated with colonization, 
fitness, and pathogenicity, and to characterize the distri-
bution of virulence-related features across the analyzed 
genomes.

Genome visualization
Genome architecture was visualized using Proksee 
(CGView) [28]. Draft genome assemblies were annotated 
and rendered as circular maps showing genomic features 
across both strands. GC content and GC skew were cal-
culated and displayed as inner rings, while annotation 
tracks were used to visualize coding sequences, RNA fea-
tures, antimicrobial resistance loci, and mobile genetic 
element–associated functions.

Workflow and reproducibility
Analyses were conducted using the rMAP-2.0 [11] pipe-
line, a modular and reproducible workflow implemented 
in Workflow Description Language (WDL) and executed 
with containerized environments. Software dependencies 
and computational steps were managed using Docker, 
ensuring reproducibility and portability of the analysis 
across computing platforms.

Results
Genome assembly quality metrics and variant summary for 
African Klebsiella michiganensis isolates
Genome assembly and whole-genome sequencing 
(WGS) quality assessment showed that the African K. 
michiganensis dataset had a median assembly length of 
6.21 Mb, with most genomes ranging from approximately 
6.0 to 6.8 Mb, consistent with expected genome sizes for 
members of the Klebsiella oxytoca species complex. One 

isolate had a markedly reduced assembly size, suggesting 
incomplete genome recovery and aligning with its other 
low-quality assembly metrics.

GC content was tightly conserved across isolates 
(53.59–55.98%; mean 55.19%), supporting species-level 
concordance. Assembly contiguity varied substantially: 
most genomes showed moderate assembly quality, with 
N50 values ranging from 48.2  kb to 134.4  kb (median 
91.2  kb) and relatively low contig counts. In contrast, 
one isolate (SRR33931756) was highly fragmented, with 
a very low N50 (~ 1.1 kb) and an elevated contig count, 
indicating poor assembly quality and warranting caution 
in downstream analyses.

Overall, most assemblies were of sufficient quality 
to support comparative genomic analyses, including 
resistome and virulome profiling and phylogenetic recon-
struction. However, the observed heterogeneity in assem-
bly completeness and contiguity should be considered 
when interpreting isolate-level differences, particularly in 
gene-content comparisons.

Genome-based species confirmation (BLAST, ANI and 
GTDB-Tk)
Genome-based analyses consistently reclassified iso-
late A55848 and the five publicly available comparator 
genomes as Klebsiella michiganensis within the Kleb-
siella oxytoca species complex (Table 1). For A55848, 
ANI [17] analysis showed the highest similarity to the 
K. michiganensis reference genome GCF_002925905.1, 
with an ANI of 98.97% and an alignment fraction of 
0.868. Across all six genomes, ANI values ranged from 
98.46% to 99.14%, and GTDB-Tk assigned each genome 
to K. michiganensis, supporting consistent species-level 
classification (Table 1). BLAST analysis provided addi-
tional confirmation, with top matches corresponding 
predominantly to K. michiganensis genomes, including 
FDAARGOS_647 and GYRY158, and nucleotide identi-
ties reaching 99.997%(​h​t​t​p​​s​:​/​​/​g​m​b​​o​o​​w​a​.​​g​i​t​​h​u​b​.​​i​o​​/​r​M​​A​

Table 1  GTDB-Tk taxonomic classification of assembled genomes
Sample ID Species Genus Closest Reference ANI (%) Alignment 

Fraction
Classification Method

A55848 Klebsiella michiganensis Klebsiella GCF_002925905.1 98.97 0.868 Taxonomic classification de-
fined by topology and ANI

SRR19859809 Klebsiella michiganensis Klebsiella GCF_002925905.1 98.77 0.885 Taxonomic classification de-
fined by topology and ANI

SRR2244281 Klebsiella michiganensis Klebsiella GCF_002925905.1 98.95 0.863 Taxonomic classification de-
fined by topology and ANI

SRR33931756 Klebsiella michiganensis Klebsiella GCF_002925905.1 99.14 0.806 Taxonomic classification de-
fined by topology and ANI

SRR33931804 Klebsiella michiganensis Klebsiella GCF_002925905.1 98.46 0.889 Taxonomic classification de-
fined by topology and ANI

SRR33931892 Klebsiella michiganensis Klebsiella GCF_002925905.1 98.90 0.867 Taxonomic classification de-
fined by topology and ANI

Species assignments were supported by phylogenetic placement and average nucleotide identity (ANI) to the closest GTDB reference genome

https://gmboowa.github.io/rMAP-2.0/non-eskapee/assets/sections/A55848_blast.html
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P​-​​2​.​0​/​​n​o​​n​-​e​​s​k​a​​p​e​e​/​​a​s​​s​e​t​​s​/​s​​e​c​t​i​​o​n​​s​/​A​5​5​8​4​8​_​b​l​a​s​t​.​h​t​m​
l), while core-gene phylogenetic analysis against ​K​l​e​b​s​i​e​
l​l​a oxytoca isolates showed the study genomes forming 
a distinct separate cluster ​(​h​t​t​​p​s​:​​/​/​g​m​​b​o​​o​w​a​.​g​i​t​h​u​b​.​i​o​/​r​
M​A​P​-​2​.​0​/​n​o​n​-​e​s​k​a​p​e​e​/​)​. Collectively, these concordant 
results support the final classification of the study isolate 
and all comparator genomes as K. michiganensis.

Comparative genome collection
To contextualize the Tanzanian environmental isolate 
within regional Klebsiella michiganensis diversity, we 
compiled a comparative set of publicly available Afri-
can K. michiganensis genomes from the NCBI Sequence 
Read Archive (SRA) (Table  2). In addition to the Tan-
zanian study isolate A55848, the final dataset included 
five publicly available genomes from South Africa and 
Nigeria, representing both environmental and clinical 
contexts where metadata were available. Genomes were 
included if they met three criteria: (i) assignment to K. 
michiganensis, (ii) African geographic origin, and (iii) 
availability of Illumina short-read sequencing data suit-
able for standardized downstream comparative analyses. 
Relevant accession numbers and associated metadata for 
all included genomes are summarized in Table 2 and pro-
vided in full in the Data Availability statement.

Population structure and MLST profiles
Multilocus sequence typing (MLST) analysis of the 
African Klebsiella michiganensis genome set revealed 
a largely unresolved sequence-type structure (Table  2). 
Among the six genomes analyzed, only one isolate, 
SRR2244281 from South Africa (Durban), was assigned 
to a defined sequence type (ST170), while the Tanzanian 
environmental isolate A55848 (SRR36571001) and the 
remaining comparator genomes from South Africa and 
Nigeria lacked assigned sequence types.

The predominance of unassigned sequence types sug-
gests that many African K. michiganensis isolates fall 

within genomic backgrounds that are not well repre-
sented in current MLST reference schemes for the Kleb-
siella oxytoca species complex. This limited resolution 
constrains lineage-level interpretation based on MLST 
alone.

MDR was observed across both typed and untyped 
genomes. The Tanzanian isolate A55848 and other 
untyped comparator genomes were classified as MDR, 
while the only typed isolate (ST170) also exhibited 
an MDR profile. In contrast, one untyped genome 
(SRR33931756) was classified as non-MDR. These find-
ings indicate that MDR is not restricted to a single 
sequence type and occurs across multiple genomic 
backgrounds.

Overall, the MLST results support a genetically hetero-
geneous K. michiganensis population within the currently 
available African dataset, with no evidence of a dominant 
lineage. The high proportion of untyped isolates high-
lights limitations of existing MLST frameworks for this 
species complex and underscores the need for expanded 
genomic sampling and improved typing schemes to bet-
ter resolve population structure and resistance dynamics.

Recombination-filtered core-genome SNP phylogeny
Maximum-likelihood phylogenetic analysis based on 
the recombination-filtered core-genome SNP alignment 
revealed a genetically diverse population of Klebsiella 
michiganensis across the African isolates included in this 
study (Fig. 1). The phylogeny showed that isolates did not 
cluster strictly by geographic origin, with genomes from 
Tanzania, South Africa, and Nigeria interspersed across 
multiple branches.

The Tanzanian environmental isolate A55848 grouped 
within a cluster of South African isolates, indicating 
shared genomic backgrounds across geographically dis-
tinct settings. However, the overall tree topology did not 
support the presence of a single dominant lineage, con-
sistent with a heterogeneous population structure.

Table 2  Geographic origin, sample collection date, MLST sequence type (ST), and source metadata for Klebsiella michiganensis isolates 
analyzed in this study
SRR / Sample ID Country (location) Genome source Collection date MLST ST Isolate / sample source MDR 

status
SRR36571001 
(A55848)

Tanzania (Mwanza) Our study 2020-1-16 - Hospital environment 
(orthopedic ward); 
wheelchair handle

MDR

SRR33931892 South Africa Public database (NCBI SRA) 2021-05-09 - Not reported MDR

SRR33931804 Nigeria Public database (NCBI SRA) 2021-10-01 - Not reported MDR

SRR33931756 South Africa Public database (NCBI SRA) 2021-08-18 - Not reported Non-MDR

SRR2244281 South Africa (Durban) Public database (NCBI SRA) Not reported 170 Not reported MDR

SRR19859809 South Africa 
(Stellenbosch)

Public database (NCBI SRA) 2018-11-17 - Not reported MDR

MDR status was assigned based on detected antimicrobial resistance determinants identified using ResFinder spanning ≥ 3 antimicrobial classes (excluding generic 
efflux-only hits). “–” indicates that an MLST sequence type (ST) could not be assigned using the current MLST tool/database (i.e., no confident match to an existing 
ST in the K. oxytoca PubMLST scheme)

https://gmboowa.github.io/rMAP-2.0/non-eskapee/assets/sections/A55848_blast.html
https://gmboowa.github.io/rMAP-2.0/non-eskapee/assets/sections/A55848_blast.html
https://gmboowa.github.io/rMAP-2.0/non-eskapee
https://gmboowa.github.io/rMAP-2.0/non-eskapee
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MDR isolates were distributed across different 
branches of the phylogeny rather than forming a single 
clonal cluster. Both MDR and non-MDR genomes were 
observed in distinct phylogenetic positions, suggesting 
that antimicrobial resistance is not confined to a specific 
lineage but occurs across multiple genetic backgrounds.

Together, the recombination-filtered core-genome 
phylogeny supports a model of geographically dispersed 
and genetically diverse K. michiganensis populations in 
Africa, with resistance traits likely shaped by horizontal 
acquisition rather than clonal expansion alone.

Genomic relatedness and SNP distances
Pairwise SNP distance analysis based on the recombina-
tion-filtered core-genome alignment revealed substantial 
genomic diversity among the Klebsiella michiganensis 
isolates. SNP distances ranged from approximately 2,982 
to 24,315 SNPs across the six genomes, indicating vary-
ing degrees of relatedness within the dataset.

The closest genetic relationships were observed among 
subsets of South African isolates, while more distant rela-
tionships were evident between isolates from different 
geographic origins, including the Tanzanian environmen-
tal isolate A55848. Notably, A55848 showed moderate 
genetic distance to its closest relatives, consistent with 
its placement within a broader, non-clonal phylogenetic 
cluster.

Overall, the wide range of SNP distances supports the 
phylogenetic observation of a genetically heterogeneous 
population and argues against recent clonal expansion. 
Instead, the data are consistent with the presence of mul-
tiple distinct K. michiganensis lineages circulating across 
different African settings.

Resistome and plasmid architecture
Genome-wide screening of antimicrobial resistance 
determinants revealed widespread MDR across the 

Klebsiella michiganensis dataset. Based on genotype 
(resistance determinants spanning ≥ 3 antimicrobial 
classes), five of the six genomes were classified as MDR, 
while one isolate (SRR33931756) exhibited a non-MDR 
profile characterized primarily by intrinsic resistance 
genes.

The Tanzanian environmental isolate A55848 harbored 
a diverse resistome, including ESBL-associated beta-
lactamases (blaCTX-M-15, blaOXA-1, blaTEM-1B, and 
intrinsic blaOXY alleles), together with determinants 
associated with aminoglycosides (multiple aph genes), 
fluoroquinolones/quinolones (aac(6’)-Ib-cr, qnrB1), 
sulfonamides (sul2), trimethoprim (dfrA14), and tetra-
cycline (tet(A)). This profile is consistent with an MDR 
genotype and aligns with the observed ESBL-like pheno-
type (Table 3).

Across the comparative genome set, clinically impor-
tant resistance genes were variably distributed, including 
ESBL-associated genes (blaCTX-M variants) and, in one 
case, a carbapenemase gene (blaNDM-1) identified in a 
South African isolate (SRR2244281). This isolate addi-
tionally carried resistance determinants spanning mul-
tiple antimicrobial classes, including aminoglycosides 

Table 3  Summary of antimicrobial classes represented by 
resistance genes detected in isolate A55848
Antimicrobial 
class

Resistance genes 
detected

Mechanism Pres-
ence in 
isolate 
A55848

β-lactams blaCTX-M-15, 
blaOXA-1

β-lactamase Present

Aminoglycosides aac(6′)-Ib Enzymatic 
modification

Present

Fluoroquinolones qnrB Target protection Present

Sulfonamides sul1 Drug target bypass Present

Trimethoprim dfrA Drug target 
modification

Present

Fig. 1  Core-genome phylogeny and metadata of African Klebsiella michiganensis isolates. Maximum-likelihood phylogeny inferred from a core-genome 
SNP alignment of Klebsiella michiganensis isolates, including the study isolate A55848 (Tanzania). The tree illustrates the genetic relationships among 
isolates from multiple African countries. Tips are annotated by country of origin (Nigeria, South Africa, Tanzania), isolation source (river water, blood, 
wheelchair handle), and MLST, where available. The phylogeny shows that closely related isolates occur across different countries rather than forming 
strictly geographic clusters, with A55848 grouping with South African isolates. Sequence type information is limited, with some isolates untyped due to 
incomplete locus recovery. Together, the distribution of isolates across the tree supports a genetically diverse population structure and suggests that an-
timicrobial resistance is not restricted to a single lineage but may be shaped by horizontal acquisition of resistance determinants across related genomic 
backgrounds
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(e.g., rmtC), quinolones, sulfonamides, trimethoprim, 
and rifampicin resistance (ARR-3), representing the most 
extensive resistance profile in the dataset. MDR isolates 
frequently carried multiple resistance determinants 
across different antimicrobial classes, whereas non-MDR 
genomes were largely limited to intrinsic blaOXY alleles 
with few or no additional acquired resistance genes. Full 
isolate-level resistance, virulence, and plasmid profiles 
are summarized in Supplementary Table 4.

Plasmid analysis revealed a strong association between 
MDR profiles and the presence of IncF-family plasmid 
replicons, particularly IncFIB(K) and IncFII(K). These 
replicons were recurrently detected among MDR iso-
lates and frequently co-occurred with ESBL and other 
clinically relevant resistance determinants. Additional 
plasmid types (including IncHI1B, IncR, IncL/M, IncN, 
and IncU) were identified in some genomes, further sup-
porting the role of diverse mobile genetic elements in 
resistance dissemination. To facilitate interpretation of 
cross-isolate genomic patterns, plasmid replicon groups 
and major antimicrobial resistance classes are summa-
rized in a dot-matrix representation (Fig. 2), highlighting 
recurrent co-occurrence of IncF-family plasmids with 

ESBL and carbapenemase-associated resistance among 
MDR isolates.

To provide isolate-level resolution without over-inter-
preting plasmid reconstruction from short-read genomic 
data, IncF-family replicon markers were examined at 
the contig level for A55848. IncFIB(K) was detected on 
contig k77_1921 (98.93% identity; 100% coverage), while 
IncFII(K) replicon sequences were identified on contigs 
k77_1856 and k77_972 (95.95–98.65% identity; 100% 
coverage), supporting the presence of IncF-type plasmid 
backbones associated with resistance determinants.

Virulence gene profiling indicated that most genomes 
encoded core fitness and colonization factors, including 
iron acquisition systems and outer membrane-associ-
ated functions. A55848 carried enterobactin-associated 
genes (entA, entB), together with adhesion and outer 
membrane-associated loci (ompA, yagZ/ecpA), and addi-
tional factors such as mgtB and astA. Several compara-
tor genomes encoded the yersiniabactin locus (including 
ybtS, ybtX, ybtQ, ybtP, ybtA, ybtU, ybtT, ybtE, together 
with irp1, irp2, and fyuA), indicating the presence of 
iron-scavenging systems that may enhance persistence 
and opportunistic pathogenicity even in the absence of 
classical hypervirulence signatures.

Fig. 2  Plasmid and antimicrobial resistance class distribution across African Klebsiella michiganensis isolates. Dot-matrix summary showing the presence 
or absence of key plasmid replicon groups and major antimicrobial resistance classes across six genomes. Top annotation bars indicate country of origin 
and multidrug resistance status. Recurrent co-occurrence of IncF-family plasmids with ESBL/carbapenemase-associated resistance is evident among 
MDR isolates
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Overall, the co-occurrence of IncF-family plasmid back-
bones with ESBL genes and, in at least one case, carbapen-
emase genes, together with the distribution of resistance 
across multiple genomic backgrounds, supports a central 
role for plasmid-mediated horizontal gene transfer in shap-
ing antimicrobial resistance in Klebsiella michiganensis. 
The detection of these features in a hospital environmental 
isolate further highlights the potential role of shared ward 
equipment and other fomites as reservoirs for MDR organ-
isms and associated resistance elements.

Plasmid context of ESBL determinants
To further investigate the genomic context of ESBL 
genes, plasmid reconstruction and resistance gene local-
ization were performed for the study isolate A55848. 
Both blaCTX-M-15 and blaOXA-1 were assigned to a 
reconstructed plasmid bin carrying an IncFII-family 
replicon, suggesting a shared plasmid backbone associ-
ated with resistance dissemination. Although these genes 
were located on separate contigs in the draft assembly, 
their co-assignment to the same plasmid bin supports a 
plasmid-associated genomic context.

To avoid over-interpreting plasmid reconstruction from 
short-read genomic data, IncF-family replicon markers were 
further examined at the contig level. IncFIB(K) was detected 

on contig k77_1921 (98.93% identity; 100% coverage), while 
IncFII(K) replicon sequences were identified on contigs 
k77_1856 and k77_972 (95.95–98.65% identity; 100% cov-
erage). These findings provide complementary evidence 
supporting the presence of IncF-type plasmid backbones 
associated with ESBL determinants in A55848.

Due to the limitations of short-read sequencing, the 
precise structural organization and physical adjacency 
of resistance genes within the plasmid cannot be fully 
resolved. Nevertheless, the combined evidence indicates 
that ESBL determinants in A55848 are likely co-local-
ized within an IncF-associated plasmid backbone. The 
broader resistance profile of A55848, including genes 
representing multiple antimicrobial classes, is summa-
rized in Table 3.

This observation is consistent with the wider dataset, in 
which IncF-family plasmids frequently co-occur with ESBL 
and, in at least one case, carbapenemase genes, supporting 
a central role for plasmid-mediated horizontal gene transfer 
in the dissemination of antimicrobial resistance.

Genome architecture and feature distribution
The circular genome map of isolate A55848 provides an 
overview of draft genome organization and the spatial dis-
tribution of key genomic features (Fig. 3). Predicted coding 

Fig. 3  The circular genome map of the study isolate A55848 (Klebsiella michiganensis) shows a typical chromosome organization with coding sequences distrib-
uted across both strands and conserved GC content and GC skew patterns. Antimicrobial resistance loci are dispersed throughout the genome, with multiple 
genes associated with β-lactam, aminoglycoside, and quinolone resistance. These loci frequently co-occur with features indicative of mobile genetic elements, 
including transposases and integration/excision functions, suggesting a role for horizontal gene transfer in shaping the resistance profile. Together, the genome 
architecture supports a multi-locus antimicrobial resistance phenotype consistent with the plasmid-associated ESBL determinants identified in this isolate
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sequences were broadly distributed across the assembly on 
both strands, with rRNA and tRNA loci detected at discrete 
positions. GC content and GC skew profiles showed the 
expected genome-wide compositional variation, with local-
ized deviations consistent with regions of atypical sequence 
composition and possible horizontal gene transfer. Antimi-
crobial resistance loci detected by CARD-RGI were pres-
ent at multiple positions across the genome rather than 
concentrated in a single region, supporting a multi-locus 
MDR genotype. In parallel, mobileOG-db annotations iden-
tified multiple mobile genetic element–associated features, 
including transposase and integration/excision-related 
functions, several of which co-localized with resistance 
loci. Together, these features indicate a genome architec-
ture characterized by dispersed resistance determinants and 
mobile element activity, consistent with the observed MDR/
ESBL-like phenotype.

Cross-isolate genomic patterns
Integration of phylogenetic, resistome, and plasmid 
analyses revealed consistent cross-isolate genomic pat-
terns within the African Klebsiella michiganensis dataset. 
Notably, MDR was distributed across multiple branches 
of the phylogeny rather than being confined to a single 
lineage, indicating that resistance is not driven by clonal 
expansion alone.

A recurrent feature among MDR isolates was the 
presence of IncF-family plasmid replicons, particularly 
IncFIB(K) and IncFII(K), which frequently co-occurred 
with clinically relevant resistance determinants, includ-
ing ESBL-associated genes. This pattern was observed 
across isolates from different geographic regions, sup-
porting the role of shared plasmid backbones in dissemi-
nating antimicrobial resistance across diverse genomic 
backgrounds.

In contrast, non-MDR isolates were largely character-
ized by the presence of intrinsic blaOXY alleles with lim-
ited acquisition of additional resistance genes and lacked 
evidence of IncF-associated MDR profiles. This distinc-
tion further supports the role of mobile genetic elements, 
rather than lineage-specific traits, in shaping resistance 
phenotypes in Klebsiella michiganensis.

Taken together, these findings indicate that antimi-
crobial resistance in K. michiganensis within this data-
set is primarily structured by horizontal gene transfer 
mediated by plasmids, rather than by expansion of a 
dominant resistant lineage. The observed convergence 
of resistance traits across genetically distinct isolates 
highlights the importance of plasmid dynamics in 
driving resistance dissemination in hospital and envi-
ronmental settings.

Discussion
This study provides genome-resolved evidence that hos-
pital environmental surfaces can act as reservoirs for 
Klebsiella michiganensis, a member of the Klebsiella oxy-
toca species complex that is increasingly recognized as an 
opportunistic healthcare-associated pathogen [2, 4]. We 
identified an MDR, ESBL-producing isolate (A55848), 
recovered from a wheelchair handle in an orthopedic 
ward in Mwanza, Tanzania, carrying IncF-family plasmid 
replicons and multiple AMR determinants. The recovery 
of this organism from a shared mobility aid highlights 
the potential role of high-touch equipment in the per-
sistence and transmission of resistant Enterobacterales 
in clinical settings. This finding is consistent with prior 
infection prevention and control studies demonstrating 
contamination of shared medical equipment, including 
wheelchairs and bath chairs, with antibiotic-resistant 
organisms implicated in healthcare-associated transmis-
sion and outbreaks [4, 29, 30].

Placing A55848 in a broader African genomic context, 
core-genome phylogenetic analysis showed that geneti-
cally related K. michiganensis isolates are present across 
multiple countries rather than forming strictly country-
specific clusters (Fig. 1). The Tanzanian isolate clustered 
most closely with isolates from South Africa, indicating 
the presence of related genomic backgrounds across geo-
graphically distinct settings. However, given the small 
sample size and limited geographic representation, these 
relationships should be interpreted cautiously and do not 
by themselves demonstrate direct transmission or epide-
miological linkage. Instead, the observed pattern is most 
consistent with a broadly distributed and genetically het-
erogeneous population structure within the currently 
available African dataset.

MDR was observed across multiple branches of the phy-
logeny, including both typed and untyped isolates, indi-
cating that resistance is not restricted to a single lineage. 
However, interpretation of lineage structure is constrained 
by the limited resolution of MLST in this dataset. Among 
the genomes analyzed, only a single isolate (SRR2244281) 
was assigned to a defined sequence type (ST170), while all 
other isolates, including A55848, remained untyped. This 
high proportion of unassigned sequence types likely reflects 
both incomplete MLST recovery from draft assemblies and 
the limited representation of K. michiganensis diversity in 
current typing schemes [31]. Consequently, the available 
data do not support conclusions about lineage-specific dis-
semination of resistance but instead suggest that MDR 
occurs across multiple, incompletely characterized genomic 
backgrounds.

 Integration of plasmid reconstruction and resis-
tance gene profiling provides a more robust explanation 
for the observed resistance patterns. In A55848, ESBL 
genes (blaCTX-M-15 and blaOXA-1) were assigned to 
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a reconstructed IncFII-associated plasmid, support-
ing a plasmid-mediated genomic context for resistance. 
Across the dataset, IncF-family plasmid replicons were 
recurrently detected in MDR isolates and co-occurred 
with clinically relevant resistance determinants. Taken 
together, these findings support a model in which plas-
mid-mediated horizontal gene transfer, rather than clonal 
expansion alone, plays a central role in the dissemination 
of antimicrobial resistance in K. michiganensis within this 
setting.

 Genome-wide analysis further supports the contribu-
tion of mobile genetic elements to resistance architec-
ture. The circular genome map of A55848 shows a typical 
Klebsiella genome organization, with coding sequences 
distributed across both strands and conserved GC con-
tent and skew patterns. Antimicrobial resistance loci 
are dispersed throughout the genome and frequently 
co-localize with features associated with recombination, 
integration, and transposition, as annotated by mob-
ileOG-db. These observations are consistent with pre-
vious reports demonstrating that AMR genes are often 
embedded within mobile genetic elements, facilitating 
their mobilization and persistence in hospital environ-
ments [32–35]. The presence of efflux-associated genes 
and stress-response mechanisms may further contribute 
to environmental survival on high-contact surfaces such 
as medical equipment [36–38].

From an IPC perspective, these findings have practical 
implications. The detection of MDR K. michiganensis on 
a wheelchair handle supports the need for targeted envi-
ronmental cleaning and disinfection strategies focused 
on shared mobility aids and other high-touch surfaces 
[6]. In addition, hospital infrastructure such as sinks and 
drainage systems should be considered potential reser-
voirs, as previously demonstrated for Enterobacterales 
within the K. oxytoca species complex [7, 8, 10]. Impor-
tantly, the lack of clear lineage restriction of resistance in 
this dataset suggests that surveillance strategies should 
prioritize detection of AMR genes and plasmid content 
rather than relying solely on sequence type or phyloge-
netic clustering.

This study has several limitations. The use of short-read 
sequencing restricts complete reconstruction of plasmid 
structures and limits definitive assignment of AMR genes 
to specific plasmids or mobile elements. The comparative 
dataset is small and geographically limited, and conclu-
sions regarding population structure and dissemination 
should therefore be interpreted with caution. In addi-
tion, the high proportion of untyped isolates limits the 
utility of MLST-based epidemiological inference. Future 
studies incorporating long-read sequencing, expanded 
regional sampling, and improved species-complex-
aware typing frameworks will be important for resolving 

plasmid architecture, lineage structure, and transmission 
dynamics.

Despite these limitations, this study provides genome-
level insight into the role of hospital environments as res-
ervoirs of MDR K. michiganensis in Africa and highlights 
the importance of integrating environmental sampling 
with genomic surveillance to better understand and miti-
gate antimicrobial resistance transmission in healthcare 
settings.

Conclusion
This study provides genome-resolved evidence that 
hospital environmental surfaces can act as reservoirs 
of MDR Klebsiella michiganensis in African healthcare 
settings. The recovery of an MDR isolate from a wheel-
chair handle, carrying IncF-family plasmid replicons and 
clinically relevant antimicrobial resistance determinants, 
highlights the role of shared medical equipment in sus-
taining and potentially disseminating resistance within 
hospital environments.

Comparative genomic analysis demonstrated that 
antimicrobial resistance is distributed across genetically 
diverse lineages rather than confined to a single clone, 
with recurrent co-occurrence of IncF-family plasmids 
and ESBL-associated genes across isolates. These findings 
support a model in which plasmid-mediated horizontal 
gene transfer plays a central role in shaping resistance 
patterns in K. michiganensis.

Together, these results underscore the importance of 
integrating environmental surveillance with genome-
informed approaches to better detect and control anti-
microbial resistance reservoirs. Strengthening targeted 
infection prevention strategies focused on high-touch 
surfaces and shared equipment, alongside routine 
genomic monitoring of resistance determinants and 
mobile genetic elements, will be critical for mitigat-
ing transmission risks in resource-limited healthcare 
settings.
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