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A clinical KPC-producing
Klebsiella michiganensis strain
carrying IncFll/IncFIA (HI1)/
IncFIB (K) multiple replicon
plasmid
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Meiling Jin*?, Xiaojing Yang®?, Fangni Liu*?, Jinpeng Guo?, Jie
Liu**, Changjun Wang’2>* and Yong Chen®*

School of Public Health, China Medical University, Shenyang, Liaoning province, China,
2Department of Emergency Response, Chinese PLA Center for Disease Control and Prevention,
Beijing, China, *Department of Information, Chinese PLA Center for Disease Control and
Prevention, Beijing, China, *Department of Clinical Laboratory, Seventh Medical Center of Chinese

PLA General Hospital, Beijing, China, *College of Public Health, Zhengzhou University, Zhengzhou,
Henan province, China

Klebsiella michiganensis is an increasingly important bacterial pathogen
causing nosocomial infections in clinical patients. In this study, we described
the molecular and genomic characteristics of a carbapenem-resistant K.
michiganensis strain KM166 cultured from a one-month premature baby’s
blood sample. KM166 showed lower biofilm forming ability in optical density
(OD) than K. pneumoniae NTUH-K2044 (0.271+0.027 vs. 0.595+0.054,
p=0.001), and the median lethal dose (0.684 |g CFU/mL) was lower than K.
pneumoniae strain NTUH-K2044 (6.679 lg CFU/mL). A IncFll/IncFIA(HIL)/
IncFIB(K) multiple replicon plasmid in KM166 was identified carrying three
replicon types. It has low homology to Escherichia coli pMRY09-581ECO_1
and the highest homology similarity to the INcFIA/INcFII(pl4)-type plasmid
in K. michiganensis strain fxq plasmid pB_KPC, suggesting that this multiple
replicon plasmid was unlikely to have been transmitted from E. coli and
probably a transfer of repFIB replicon genes from other K. michiganensis
strains into the INCFIA/INcFII(pl4)-type plasmid of KM166 had occurred.
Mapping of the gene environment revealed that blayec. in KM166 plasmid 3
had high identity and same Tn3-tnpR-1S481-blaypc.»-kICA_1 genomic context
structure with K. pneumoniae strain JKP55, plasmid pKPC-J5501, and blaypc.
,-carrying plasmid proved to be autonomously transferred under the help of
mobile genetic elements into Escherichia coli 600 by plasmid conjugation
experiment. In conclusion, we have characterized a K. michiganensis strain
carrying multi-replicon IncFIl/IncFIA(HI1)/IncFIB(K) plasmid and blayec.,-
carrying IncFll(p14)/IncFIA plasmid in this study, which provided insights about
the evolutionary diversity of plasmids carried by K. michiganensis.
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1. Introduction

Klebsiella michiganensis is one of the bacterial pathogen of the
Klebsiella genus (Wyres et al., 2020), it seldom appeared in clinical
hospitals at the past, but has been gradually increasing in recent
years, for several K. michiganensis strains have been found to
be colonized in patients. Carbapenemase production is the
common carbapenemase resistance mechanism in clinical
infections, such as Acinetobacter baumannii (Oinuma et al., 2021),
K. pneumoniae (Pitout et al., 2015) and Pseudomonas aeruginosa
(Nordmann et al., 2011; Doi and Paterson, 2015; Iovleva and Doi,
2017). The main carbapenemase genes carried by K. michiganensis
include blagpc ,, blayn, (Campos-Madueno et al., 2021), blayxpy.,
(Lietal.,2021), blaxpms (Zheng etal., 2018), blagpc 5 (Seiffert et al,,
2019), blapyp.4 (Li et al., 2021; Zhang et al., 2021), blagxa 15 (Founou
etal, 2018), blagy.i, blaoxa1, blacrxas (Xu et al., 2022), etc.

Klebsiella michiganensis has appeared in parts of the world
(Ccorahua-Santo et al., 2017; King et al., 2021; Luo et al., 2022),
there are highly homology and similarities in the molecular
characteristics between K. michiganensis and K. pneumoniae.
Some K. michiganensis strains have been found in plants or
ecosystems (Kang et al., 2020; Salgueiro et al., 2020; Liu, L. et al.,
2021), but the majority have been found in patients (Abed et al.,
2021). Due to the cadmium resistance and plant growth promoting
properties of K. michiganensis, many studies have been conducted
to examine the effects of physical and biochemical stimuli such as
PH, cadmium and environmental changes on the growth and
genome sequence of K. michiganensis, with many positive results
obtained (Mitra et al., 2018, 2019; Oliveira et al., 2020; Yan et al.,
2021). However, more research is needed to examine the genomic
characteristics of K. michiganensis strains from clinical patients, as
well as its drug resistance and virulence profile (Zhang et al., 2021).

2. Materials and methods

2.1. Sample sources and strain
identification

A total of 359 strains isolated from a tertiary hospital in
Beijing, China were identified to be K. pneumoniae through
biochemical indicators during 2017-2020, and 147 strains were
resistant to carbapenem antibiotics. One of these 147 carbapenem
resistant strain (KM166) was identified as K. michiganensis after
whole genome sequencing. KM166 strain was cultured from a
one-month premature baby’s blood on July 31, 2018, with a
utilization history of penicillin, monocyclic B-lactams and
cephalosporins. The patient was admitted on June 23, 2018 and
discharged on September 5, 2018, with a hospitalization period
of 75 days and had been treated with central venous cannulation,
ventilator and blood transfusion. KM 166 was cultured in a Luria-
Bertani (LB) solid medium for 18-24h in a constant temperature
incubator at 37°C, the single colony was picked into LB liquid
medium and incubated in a constant temperature shaker at 37°C
for 18 h before being washed.
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2.2. Antibiotic sensitivity and
hypermucoviscous test

The sensitivity of common clinical antibiotics was tested using
the Vitek-2 compact system and agar dilution method. KM166
strain were incubated on Columbia blood agar medium (Oxoid,
Basingstoke, England) at 37°C for 18-24h. Control strains
Pseudomonas aeruginosa ATCC 27853 and Escherichia coli ATCC
25922 were used for antimicrobial susceptibility testing. The MICs
were verified according to the Clinical and Laboratory Standards
Institute (M100, 29th edition, 2019) guidelines. Standard
bacteriological rings were used to assess hypermucoviscous
phenotype, and the formation of slimy lines >5mm in length was
considered a positive string test (Catalan-Najera et al., 2017).

2.3. Biofilm formation capacity test

Biofilm formation was measured by the absorbance at 570 nm
of crystal violet staining. Hypervirulence K. pneumoniae strain
NTUH-K2044 was served as the control and negative control was
the group without the addition of bacterial solution. The strain
was incubated in LB liquid medium until it reached a logarithmic
growth cycle and then washed twice, followed by adjustment of
the bacterial liquid to 1.0 McFarland’s concentration solution,
then 200 pl LB culture solution and 10 pl bacterial solution were
added to each well of the 96-well cell culture plate, and the 96-well
cell culture plate was placed in a wet box at 35°C for 48h.
Afterwards, 200 pl of 1% crystalline violet staining solution was
added to each well waiting for 10 min, and the plate was washed
twice with distilled water and dried. The solution was transferred
to a new 96-well plate and the absorbance value at 570 nm (A570)
was observed using an enzyme marker (Liu, Y. et al., 2019).

2.4. The neutrophil killing assay

Serum from healthy people (#9193-10ML, purchased from
Lablead, Beijing) was collected. The strain was cultured on Columbia
blood agar medium (Oxoid, Basingstoke, England) for 15-18h
overnight and cultured in LB liquid medium for 18 h, washed twice
with PBS buffer and then diluted to 1 x 10°CFU/ml. Mixtures of 75l
serum and 25 pl diluted bacterial solution were collected at 37°C on
a constant temperature shaker for Oh, 1h, 2h, 3h, and 4h (Siu et al,,
2011). The classical K. pneumoniae strain NTUH-K2044 was used
as a control in the experiment, and observations were made to assess
the bacterial killing effect of the serum by counting the average
number of viable bacteria after taking 10 ul bacterial solution and
applying it to three LB agar medium at different observation times.

2.5. The Galleria mellonela model

The larvae of Galleria mellonella (purchased from Tianjin
Huiyude Biotechnology Co., Ltd.) that met the test standards
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were purchased, each weighing about 300-400 mg. There were
two control groups: one received the same amount of PBS and
the other was not treated. The strains were grown on LB agar
medium for 18-20h before the bacterial solution was diluted to
10*-10” CFU/ml with PBS. A group of 10 G. mellonella was
chosen at random, each K. michiganensis strain was injected
into three groups and four different dilution concentrations
(totally 120 G. mellonella). The hypervirulence K. pneumoniae
strain NTUH-K2044 served as the control. A total of 20.0 pl
bacterial suspension was injected into the first abdominal
segment of G. mellonella using microinjector, then the death
number of each group was observed and recorded every 6h
until 72h. The median lethal dose (1ogl0 CFU/mL) of strains
was calculated using the probit probability method of regression
analysis (Gu et al., 2018).

2.6. Plasmid conjugation experiments
and strain identification

KM166 carrying blagpc, as donor and E. coli EC600 as
recipient (Cai et al., 2008) were co-inoculated on dual resistant
BHI solid medium (Meropenem 4 ug/mL and Rifampicin
2mg/mL) and incubated for 48 h at 37°C. Colonies were grown
and amplified using blaxpc., primers (F:
CGGGTTGGACTCAAGACG; R: TGATGCGGTATTTTCTCC)
to determine the blagpc, in the conjugates. The conjugation
bacterial species were subsequently identified using Vitek-2
compact system.

2.7. Genomic DNA extraction,
sequencing and assembly

Strain DNA was extracted using four steps for long fragment
DNA (lysis, purification, precipitation and elution). Pacbio
sequel IT and the DNBSEQ platform were used to sequence the
genome of KM166. An insert DNA of 350 bp was identified to
perform genome sequencing and the original PacBio long reads
were error-corrected, trimmed and assembled using the
program Canu v1.5 (Koren et al,, 2017). The raw data was
treated in order to obtain more accurate and reliable results in
subsequent bioinformatics analysis: (1) remove reads containing
a certain proportion of low quality (<20) bases (40% as default);
(2) removal of reads with a total number of bases containing N
up to 10%; (3) remove adapter contamination; (4) remove
duplication contamination.

2.8. Genome component prediction,
gene annotation and protein
classification

Species identification was performed using Kleborate
software (Lam et al., 2021) to obtain multilocus sequence types
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(MLST). Genome annotation was performed using prokka
v1.14.6 (Seemann, 2014). tRNA, rRNA and sRNA recognition
were made use of tRNAscan-SE (Chan et al., 2021), Barrnap and
the Rfam database. Prophage regions were predicted using the
PHAgeSearch Tool (PHAST) web server' and CRISPR
identification using CRISPRCasFinder.”> Virulence and
resistance genes were identified based on the database in VFDB
(Virulence Factor Database; Liu, B. et al., 2019) and CARD (The
Comprehensive Antibiotic Research Database; Alcock et al.,
2020) using ABRicate.

2.9. Comparative genomics and
phylogenetic analysis

The K. michiganensis strain K.m.2654 (accession no.
GCA_003011775.1) isolated from Denmark in 2017 was selected
for comparative genomic analysis with KM166. The comparison
of Km.2654 and KM166 was performed using blast and the
average nucleotide identity comparisons between genomes were
calculated using FastANI. The phylogenetic tree was constructed
by maximum likelihood method based on single nucleotide
polymorphism (SNP) using ClonalFrameML v1.12 (Didelot and
Wilson, 2015) and roary v3.13.0. The tree building model was
calculated by ModelTest-NG v0.1.7 (Flouri et al., 2015; Darriba
etal., 2020) and plotted by RaxML-NG v1.1.0 (Kozlov et al., 2019),
and the phylogenetic tree was finally visualized by FigTree v1.4.3
and iTOL (Letunic and Bork, 2021).

3. Results

3.1. Antimicrobial resistance and
virulence phenotype

The in vitro antimicrobial susceptibility testing showed that
K. michiganensis KM166 was resistant to Ampicillin, Aztreonam,
carbapenems, and so on (Table 1). The string test showed negative
result, which suggested that KM 166 was not a hypermucoviscous
strain. Both KM166 and classical K. pneumoniae strain NTUH-
K2044 showed positive biofilm-forming ability (Figure 1A), but
KM166 showed lower biofilm forming ability in optical density
(OD) than K. pneumoniae NTUH-K2044 (0.271+0.027 Vs.
0.595+0.054, p=0.001). The results of the serum killing
experiment showed that human serum had a weak killing capacity
against KM 166, and KM 166 has the stronger serum bactericidal
capacity after 1 hour of serum and bacterial solution were mixed
(Figure 1B). The median lethal dose of KM 166 was 0.684 lg CFU/
mL, which was much lower than the K. pneumoniae NTUH-
K2044 strain (median lethal dose: 6.679 Ig CFU/mL).

1
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TABLE 1 Resistance of Klebsiella michiganensis KM166 to commonly used clinical antibiotics.

Antibiotics MIC Resistance Antibiotics MIC Resistance results
(pg/mL) results (R, I, S) (pg/mL) (R, 1,9)
Penicillins Carbapenems
Ampicillin >32 R Ertapenem >16 R
Artificial synthetic antibiotics Imipenem >8 R
Ampicillin/Sulbactam >32 R Meropenem >4 R
Piperacillin/tazobactam 16 N Aminoglycosides
Cephalosporins Gentamycin <1 N
Ceftazidime 4 S Amikacin <2 S
Ceftriaxone >64 R Tobramycin <1 S
Cefepime >64 R Quinolones
Monocyclic B-lactams Ciprofloxacin 1 N
Aztreonam 16 R Levofloxacin 1 S
R, resistance; I, intermediate; S, susceptible.
A B
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FIGURE 1
Defensive capability test of Klebsiella michiganensis KM166. (A) biofilm formation capacity test. (B) killing experiment with human neutrophils.

3.2. Genomic characterization

A total of 1,297 Mb whole-genome sequencing reads (187X)
and 5,159 Mb (745X) PacBio platform reads were generated.
The total genome of K. michiganensis KM166 has a size of
6,917,102 bp and contains 6,765 genes, with a GC content of
55.19 percent. The complete genome consists of a 6,164,986-bp
single chromosome and four plasmids including Plasmid
1(359,068 bp), Plasmid 2(204,198 bp), Plasmid 3(141,565bp)
and Plasmid 4(47,285bp). The G+C contents of the
chromosome and the four plasmids were 55.78, 48.32, 51.96,
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53.61 and 49.36%, respectively (Table 2). The plasmid types
identified in KM166 were TrfA, IncFII/IncFIA(HI1)/IncFIB(K),
IncFII(p14)/IncFIA and IncN3.

A total of 168 ncRNA (85 tRNAs, 25 rRNAs and 58 sRNAs)
and 290 repeats were identified. In addition, three CRISPRs
were identified in the chromosome of KM 166, with lengths of
90bp, 97 bp and 111 bp, respectively. Eleven prophages were
identified on chromosomes and one on plasmid 3. It was
found that the serotype of KM166 was KL41, three resistance
genes blaoxy, blacrxms; and blagec, were present in
chromosome, IncN3 plasmid and IncFII(p14)/IncFIA plasmid,
respectively.
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3.3. Comparison of the nucleic acid
identity

Two clinical K. pneumoniae strains BSIKPN-9 and BSIKPN-11
collected from the same hospital as KM166 were randomly
selected for comparison, and the average nucleotide identity
(ANT) for K. michiganensis KM166 and K. pneumoniae (BSIKPN-9
and BSIKPN-11) were 84.64 and 84.65%, the range of which was
between 83 and 95% of interspecific relationships. The ANI for
KM166 and K. michiganensis strain K.m.2654 (accession
n0.GCF_003011775.1), on the other hand, was 99.81%, indicating
intraspecific variation. Amino acid level synteny analysis of
K.m.2654 and KM166 revealed that KM166 had 6,765 genes and
K.m.2654 had 5,531 genes, with 5,052 aligned genes (74.68%,
5052/6765). Chromosomes of K.m.2654 and KM166 were found
to be very similar, and the variants were mostly found in four
plasmids (Figure 2).

3.4. Global evolutionary analysis of
Klebsiella michiganensis

A total of 446 complete genomic assemblies classified as
K. michiganensis were used to construct the phylogenetic tree, of

TABLE 2 Genome assembly information of Klebsiella michiganensis KM166.

10.3389/fmicb.2022.1086296

which 445 downloaded from the Pathosystems Resource
Integration Center (PATRIC), as well as one KM166 we collected
in this study. Genomic information of 445 strains is provided in
Supplementary Table S1. All 446 K. michiganensis strains were
isolated from 27 countries, Switzerland was the main country
source (52.24%, 233/446), followed by China with 50 strains
(11.21%, 50/446). Five K. michiganensis strains were isolated from
Beijing, China, but they did not carry blagpc ,. The phylogenetic
tree revealed a single major group, and the homology between
strains was extremely high, with no significant evolutionary
variation. KM 166 was found at the end of an evolutionary branch
that included some of the most recent strains, with the highest
homology to a K. michiganensis strain collected in Switzerland
(ANI: 99.93%). KM166 was collected from a hospital in Beijing on
July 31, 2018, and several K. michiganensis strains with the highest
homology were collected in 2017 (Figure 3).

3.5. Comparative analysis of the blaypc.,-
harbouring Klebsiella michiganensis

Twenty-one blagpc ,-carrying K. michiganensis strains were
identified from 445 K. michiganensis strains downloaded from the
PATRIC database, and they were then combined with KM 166 for

ID name Sequence topology Total length (bp) GC content (%) Plasmid type
Chromosome 1 circular 6,164,986 55.78 /

Plasmid 1 circular 359,068 48.32 TrfA

Plasmid 2 circular 204,198 51.96 IncFII/IncFIA(HI1)/IncFIB(K)
Plasmid 3 circular 141,565 53.61 IncFII(p14)/IncFIA

Plasmid 4 circular 47,285 49.36 IncN3

[[] Forward chain M Forw alignment
[ Reverse chain [l Reve alignment

Mb

EEEEE

Klebsiella michiganensis strain K.m.2654

Klebsiella michiganensis strain KM166

FIGURE 2

Amino acid level synteny analysis of Klebsiella michiganensis K.m.2654 and K. michiganensis KM166. Comparative genomic circle map was
created using CGview (https://proksee.ca/). The yellow line in the middle region of the two sequences in the amino acid level synteny map
indicates the forward alignment, and the blue line indicates the reverse complementary alignment.
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FIGURE 3

Phylogenetic tree of 445 Klebsiella michiganensis strains
downloaded from Pathosystems Resource Integration Center
and one Klebsiella michiganensis strain KM166 we collected.
Plotted using ClonalFrameML and roray based on SNP. “-" means
the collection of strains from unknown cities.

phylogenetic analysis in order to investigate their evolutionary
relationships (Figure 4). It showed that two strains (1134687.279
and 1134687.221) isolated from the Czech Republic in 2018 and
Germany in 2017 that shared high homology with KM166,
particularly 1134687.221 (ANIL: 99.15%). According to the
phylogenetic tree, KM166 was located at a small branch and
showed highly homologous to two strains isolated from
geographically distant countries.

The blaypc, gene of KM166 was located in a 140kb
IncFII(p14)/IncFIA type plasmid 3, blasting with the nucleic acid
database (NT) found that a plasmid named K. pneumoniae strain
JKP55, plasmid pKPC-J5501(GenBank accession no. NZ_
OL891656) showed 17% coverage and 99.97% identity to KM 166
plasmid 3. Mapping of the gene environment using easyfig v2.2.5
(Sullivan et al., 2011) software revealed that blaypc, in KM166
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plasmid 3 had high identity and same Tn3-tnpR-1S481-blaypc ,-
klcA_1 genomic context structure with K. pneumoniae strain
JKP55, plasmid pKPC-J5501, which carried two blagpc, genes
(Figure 5). Plasmid conjugation experiment demonstrated that the
plasmid carrying blagpc, could transfer autonomously into
Escherichia coli 600.

3.6. Gene environment characteristics of
IncFll/IncFIA(HI1)/IncFIB(K) multiple
replicon plasmid

We detected a 202kb IncFII/IncFIA(HI1)/IncFIB(K)
multiple replicon plasmid in KM166 Plasmid 2 (Figure 6A),
which was only previously detected in E. coli strains from Italy
and United States. A study had detected IncFII/IncFIA/IncFIB
multiple replicon plasmid in 24 E. coli strains, the most
sequence of which was pMRY09-581ECO_1
(accession no. AP018456), the genomic environment
comparison between pMRY09-581ECO_1 and KM 166 Plasmid
2 showed that the IncFII/IncFIA(HI1)/IncFIB(K) multiple
replicon plasmid in KM166 was larger than pMRY09-

complete

581ECO_1, little similarities of genomic environment between
them were found and many resistance genes were only detected
in pMRY09-581ECO_1 (Figure 6B). Comparison of plasmid
sequence with GenBank data using BLAST’ revealed a
remarkable homology (12% coverage and 99.99% identity) to
K. michiganensis strain fxq plasmid pB_KPC (GenBank
accession no. NZ_CP095001) isolated from Zhengzhou, China
in 2022 and K. michiganensis strain K516 plasmid pK516_KPC
(15% coverage and 99.99% identity) isolated from Zhejiang,
China in 2017 (GenBank accession no. NZ_CP022349). The
presence of many mobile genetic elements in hha-ymoA-IS110-
Tn3-pinR-Tn3 structure region of KM166 Plasmid 2 was
revealed by genetic environment analysis (Figure 6C). The
IncFII/IncFIA(HI1)/IncFIB(K) multiple replicon plasmid in
KM166 has low homology to pMRY09-581ECO_1 and the
highest homology similarity to the INcFIA/INcFII(p14)-type
plasmid in K. michiganensis strain fxq plasmid pB_KPC,
suggesting that this multiple replicon plasmid was unlikely to
have been transmitted from E. coli and probably a transfer of
repFIB replicon genes from other K. michiganensis strains into
the INCFIA/INCFII(p14)-type plasmid of KM166 had occurred,
resulting in a strain with multiple plasmid types co-existing.

4. Discussion

It is an important clinical case that a blaypc ,-carrying
IncFII(p14)/IncFIA plasmid and an IncFII/IncFIA(HIL)/
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Phylogenetic tree of 22 Klebsiella michiganensis strains carrying blawec... The phylogenetic tree was generated using ClonalFrameML and roray
based on SNP, plotted by treeview (http://etetoolkit.org/treeview/). 21 Klebsiella michiganensis strains carrying blayec., was identified from 445 K.
michiganensis strains downloaded from Pathosystems Resource Integration Center and one K. michiganensis strain KM166 carrying blayec., was

collected in this study.

IncFIB(K) multiple replicon plasmid were both identified in
the K. michiganensis. In terms of clinical detection and
current research condition, K. michiganensis is not as mature
as K. pneumoniae, but several studies (Zheng et al., 2018; Li
et al., 2021) have shown that K. michiganensis strains already
carry multiple drug resistance genes, especially carbapenem
resistance genes. K. michiganensis has been shown
to be highly resistant and multidrug-resistant like
K. pneumoniae (Chapman et al., 2020; Campos-Madueno
et al., 2021).

There are 445K. michiganensis strains in the public
database, mainly from Switzerland and China. Despite the
fact that the patient had not traveled abroad, it is reasonable
to suspect that KM166 was transmitted from other patients
with a history of international travel within the same hospital.
Phylogenetic tree showed that all strains were located in one
evolutionary branch, indicating that K. michiganensis strains
have been relatively conservative in the evolution and have
not undergone much evolutionary variation. The fact that
K. michiganensis strains carry multiple drug-resistant
genes serves as a reminder to us to strictly control
antibiotic use in order to prevent and control healthcare
associated infections.

A blaypc ,-carrying IncFII(p14)/IncFIA plasmid carried on
the K. michiganensis strain was rarely reported around the
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world. There was a 117.8-kb IncFIA-IncFII plasmid carrying
the p-lactamase-encoding gene blaox, e identified in a
carbapenem-resistant K. pneumoniae strain isolated from
China in 2021, which could be transferred with the facilitation
of the blagpc, carrying plasmid (Liu, S. et al.,, 2021). The
IncFII(p14)/IncFIA plasmid identified in our study carried
blaxpc , and possessed the complete conjugative regions of the
self-transmissible mobile genetic elements (oriT, T4CP, T4SS),
which can transfer autonomously, and the resistance genes in
this plasmid could transfer with the help of mobile genetic
elements around. The detection rate of carbapenem-resistant
K. pneumoniae carrying blagpc, in blood samples between
2017 and 2020 in hospitals where KM166 was isolated was
40.67% (146/359), and we therefore suspect that the blaypc ,-
carrying IncFII(p14)/IncFIA plasmid carried by KM166 may
have been transferred from K. pneumoniae carrying blagpc ».
Besides, it is important to recognize the significance of the
K. michiganensis strain we isolated from a patient’s blood
sample in a Beijing hospital with a total of 38 virulence genes
and 41 resistance genes.

The IncFII/IncFIA(HI1)/IncFIB(K)-type plasmid has
rarely been reported globally. Two blaxpy s-carrying plasmids
with IncFIA/IncFIB/IncFII/IncQ1 replicons have been found
in previous studies (Hirabayashi et al., 2021; Mohamed et al.,
2022). Meanwhile, some researchers discovered multiple
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Sequencing comparison among the regions surrounding blayec., from KM166 IncFli(p14)/IncFIA plasmid and Klebsiella pneumoniae strain JKP55,
plasmid pKPC- J5501, the most closely genetically matched complete plasmid sequences from NCBI. High homology shared sections are shaded
in gray. An arrow is colored in accordance with its ostensible function. The function of genes about coupling transfer, plasmid stability, replication,
mobile elements, antimicrobial resistance are yellow, orange, blue, green and red arrows, respectively. Genes that encode putative proteins and

proteins with unknown functions are indicated by grey arrows.

resistance genes in an IncFII/IncFIA (HI1)/IncFIB(K) multiple
replicon plasmid in E. coli (Hayashi et al., 2020; Marchetti
et al., 2020; Simner et al., 2022). We discovered an IncFII/
IncFIA(HI1)/IncFIB(K) multiple
K. michiganensis strain KM166, implying that plasmid

replicon plasmid in

heterozygous transfer may be an evolutionary trend through

E. coli, but further validation is needed to see if the plasmid
is indeed transferred from K. pneumoniae to K. michiganensis.
Only 22 of the 446 K. michiganensis strains collected carried
the blagpc, gene, indicating that the blaxpc, carriage
rate was low. The acquisition of blaypc, by K. michiganensis
strain from other K. pneumoniae strains may influenced by

genetic rearrangement via sequence insertion and homologous the characteristics of the strain itself and the
recombination. The IncFII/IncFIA(HI1)/IncFIB(K) multiple specific environment.
replicon plasmid did not contain any factors associated with In conclusion, this study described a clinical

autonomous transfer, nor was a resistance gene discovered,
indicating that the multiple replicon plasmid we identified is
still in a primitive state.

Some limitations were found in this study. Firstly, of the
445 available K. michiganensis strains, a relatively low
percentage of isolates were from China, and the most recent
source in the evolutionary analysis was a foreign strain.
Expanding the number of strains collected may discover a
local Chinese near-source strain. Secondly, we verified that
the plasmid could be transferred from K. michiganensis to
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K. michiganensis strain carrying multiple resistance genes.
The IncFII/IncFIA(HI1)/IncFIB(K) multiple replicon plasmid
and blagpc ,-carrying IncFII(p14)/IncFIA plasmid were both
found in a K. michiganensis strain. There was probably a
transfer of repFIB replicon genes from other K. michiganensis
strains into the INcFIA-INcFII(p14)-type plasmid of KM166
that resulted in the occurrence of the multiple replicon
IncFII/IncFIA(HI1)/IncFIB(K) plasmid. Meanwhile, the
genetic environment of blagpc, in IncFII(pl4)/IncFIA
plasmid was same as K. pneumoniae strain JKP55, plasmid
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Mapping of the gene environment of a IncFll/IncFIA(HI1)/IncFIB(K) multiple replicon plasmid in Klebsiella michiganensis KM166. (A) Genome circle map
of the KM166 IncFll/IncFIA(HI1)/IncFIB(K) plasmid. (B) Comparison of the genetic environment between KM166 IncFll/IncFIA(HI1)/IncFIB(K) plasmid and
pPMRY09-581ECO_1. (C) comparison of KM166 IncFll/IncFIA(HI1)/IncFIB(K) plasmid with the two highest homology genome sequences from NCBI.

Genes involved in coupling transfer are indicated by yellow arrows, genes associated with plasmid stability and replication are highlighted in orange and

blue arrows, respectively. Red and green arrows indicate antimicrobial resistance genes and mobile element genes, respectively.

pKPC-J5501, suggesting that the blaxpc, might have been
transferred from K. pneumoniae strains under the help of
mobile genetic elements. It provides a reference for
understanding the clinical infection and evolutionary

characteristics of K. michiganensis.
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