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Dissemination of the Klebsiella pneumoniae carbapenemase (KPC)-encoding gene

among Enterobacterales is common but relatively rare in Aeromonas spp. In this study,

we characterized two KPC-2-producing Aeromonas hydrophila strains (Ah2101 and

Ah2111), each isolated from a patient in different intensive care units (ICUs) of a

Chinese hospital. Whole-genome sequencing (WGS) revealed simultaneous carriage

of the blaKPC−2 and imiH genes, both of which encode high-level carbapenem

resistance in these two A. hydrophila isolates. The two isolates were shown to

be clonally related and each isolate harbored two distinguishable blaKPC−2-bearing

plasmids, only one of which was transferrable to A. hydrophila, but not Escherichia

coli EC600 via conjugation. The genetic element that contains blaKPC−2 in these

two plasmids, namely ISKpn27-1blaTEM−1-blaKPC−2-ISKpn6, was structurally identical,

commonly detected in Enterobacterales, and associated with Tn3-based transposons.

In addition, more than sixty putative genes that encode various virulence factors were

identified in these two A. hydrophila isolates. This is the first study that reports clonal

dissemination of carbapenem-resistant A. hydrophila strains carrying structurally different

blaKPC−2-bearing plasmids. Further investigation is warranted to monitor the future

transmission of blaKPC−2-bearing plasmids in A. hydrophila in clinical settings.

Keywords: Aeromonas hydrophila, blaKPC−2, clonal spread, clinical setting, genetic environment

INTRODUCTION

Global dissemination of carbapenemase-producing organisms (CPOs) is an emerging public health
issue, with the potential of further compromising the effectiveness of treatment of bacterial
infection. Klebsiella pneumoniae carbapenemase (KPC), which is encoded by the plasmid-borne
gene blaKPC, possesses a large and shallow active site, allowing such an enzyme to accommodate
and hydrolyze a wide range of β-lactam molecules, including cephalosporins, monobactams,
and carbapenems (Bush and Bradford, 2020). KPC producers are not only resistant to most
β-lactams but also display a multidrug resistance phenotype as they also carry additional resistance
genes which confer resistance to many of the currently available first-line therapeutic alternatives
(Munoz-Price et al., 2013). Meanwhile, infections caused by KPC-producing organisms are
associated with high mortality rates of up to 51%, thus imposing a heavy burden on the healthcare
sector (Giacobbe et al., 2015). Since its first description in 1996 (Yigit et al., 2001), genetic elements
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encoding these types of carbapenemase have spread extensively
among Gram-negative bacteria. In China, such an enzyme was
identified for the first time in a K. pneumoniae isolate collected in
Zhejiang Province in 2004 (Wei et al., 2007). KPC-2 is the most
prevalent carbapenemase in China, with K. pneumoniae being
the most common host species that produces such an enzyme.
The high mobility of genetic elements carrying the blaKPC gene
implies that such elements can be readily disseminated to other
Gram-negative bacteria including those of the genus Aeromonas
(Picao et al., 2013).

Aeromonas spp. are ubiquitous organisms widely distributed
in various aquatic environmental niches and may act as
opportunistic pathogens that cause a number of self-limiting
gastrointestinal infections and extra-intestinal infections,
including those of the skin, soft tissue, and wound, as well as
pneumonia and bacteremia (Janda and Abbott, 2010; Nolla-Salas
et al., 2017). In recent years, multidrug-resistant Aeromonas
strains have been isolated from clinical, animal, food, and
environmental samples (Tang et al., 2020). In particular,
carbapenem-resistant strains exhibit a prevalence rate ranging
from 0.5 to 7.7% in different countries. Aeromonas spp.
producing KPC-2 carbapenemases have also been successively
isolated in the past decades from environmental samples in
Brazil (Montezzi et al., 2015), the United States (van Duin and
Doi, 2017; Mathys et al., 2019), Japan (Sekizuka et al., 2019),
and China (Xu et al., 2018; Hu et al., 2019), indicating that the
strains of this genus may serve as a vector for dissemination
of the blaKPC−2 gene. Although KPC-2-producing Aeromonas
spp. were once isolated from routine perirectal surveillance
in hospitalized adult patients in the United States (Hughes
et al., 2016), this type of strain was rarely detected in clinical
settings. Here, we report the recovery of two structurally
different blaKPC−2-bearing plasmids from two clinical isolates
of A. hydrophila. Genome analysis based on whole-genome
sequencing (WGS) data was performed to reveal the genetic
relatedness between these two strains and shed light on the
genetic environment of blaKPC−2 genes, as well as the molecular
features of plasmids that harbor such genes.

MATERIALS AND METHODS

The Patients and Bacterial Strains
Two Aeromonas spp. (strains Ah2101 and Ah2111) were isolated
from two patients hospitalized in intensive care units (ICUs) of
The Second Affiliated Hospital of Zhejiang University School
of Medicine in 2021. The species identity of the test strains
was determined by MALDI-TOF MS (Bruker Daltonik GmbH,
Bremen, Germany). A comparison of genomes between the
reference strain (A. hydrophila OnP3.1, GenBank accession
no. NZ_CP050851.1) and the two isolates was performed by
using the average nucleotide identity (ANI) calculator (http://
enve-omics.ce.gatech.edu/ani/index). The result showed that the
ANI values between A. hydrophila OnP3.1 and strain Ah2101,
and between A. hydrophila OnP3.1 and strain Ah2111 were
96.86% and 96.87%, respectively, confirming that both isolates
belonged to A. hydrophila. This study was approved by the
Ethics Committee of The Second Affiliated Hospital of Zhejiang

University School of Medicine, and consents were given by the
patients or their families.

Patient A, a 52-year-old male, was admitted to the emergency
ICU due to skull fractures and traumatic intracranial hemorrhage
caused by a traffic accident in January 2021. After seven days
of empirical therapy with piperacillin/tazobactam (8:1, 4.5 g IV
for every 8 h), the patient developed complications that involved
severe intracranial infection and the treatment strategy was
then changed to the use of meropenem (1 g IV for every 8 h).
On the second day of administration, the cerebrospinal fluid
culture grew two carbapenem-resistant strains of A. hydrophila
(strain Ah2101) and Acinetobacter baumannii. A course of
tigecycline treatment (100mg IV for every 12 h) was then applied
according to the antimicrobial susceptibility results, and these
two isolates were cleared from the cerebrospinal fluid after 4
days of treatment. Unfortunately, the patient became critically
ill without indications of the benefit of another operation upon
thorough assessment; only supportive treatment was given and
the prognosis was grave. Finally, the patient was discharged at
the request of the family.

Patient B, a 75-year-old female with mitral stenosis and
cardiac dysfunction, underwent mitral valve replacement and
was admitted to the cardiac ICU in September 2021. After
hospitalization for 1 month, the patient suffered from abdominal
pain and developed a fever. CT examination suggested
cholecystitis and peritoneal effusion. Cholecystostomy and
abdominal catheterization/drainage were then performed and
a course of imipenem (500mg IV for every 8 h) was started.
On the 25th day of treatment, a carbapenem-resistant A.
hydrophila strain, Ah2111, was isolated from the drainage
sample. Fortunately, the patient’s condition gradually improved
upon receipt of various supportive treatments and continuous
drainage of peritoneal effusion. The second culture of the
drainage fluid for 8 days after the initial isolation was negative
for A. hydrophila. The drainage volume decreased gradually and
the drainage tube was removed 2 weeks later. The patient was
ultimately discharged from the hospital.

Antimicrobial Susceptibility Testing (AST)
The minimal inhibitory concentrations (MICs)
of 15 antimicrobial agents, including imipenem,
meropenem, ertapenem, ceftazidime, cefotaxime, cefepime,
piperacillin/tazobactam, cefoperazone/sulbactam, aztreonam,
ciprofloxacin, amikacin, chloramphenicol, tetracycline,
trimethoprim/sulfamethoxazole, and ceftazidime/avibactam
were determined using the broth microdilution method and
interpreted according to the Clinical and Laboratory Standards
Institute (CLSI) guidelines (Clinical Laboratory Standards
Institute, 2015, 2021). Escherichia coli ATCC 25922, E. coli ATCC
35218, and Pseudomonas aeruginosa ATCC 27583 were used as
the quality control strains in parallel.

Whole-Genome Sequencing (WGS) and
Genome Analysis
The genomic DNA extracted from A. hydrophila Ah2101
and Ah2111 was subjected to WGS by using the Illumina
NovaSeq 6000 platform with a paired-end read length of 150
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bp (NEBNext Ultra DNA Library Prep Kit) and the sequencing
data were de novo assembled into contigs using SPAdes version
3.13.1 (Bankevich et al., 2012). A. hydrophila strain Ah2111
was also subjected to sequencing by the Oxford Nanopore
PromethION 48 system; hybrid genome assembly of both short
and long reads was carried out by using the Unicycler version
0.4.4 software (Wick et al., 2017). Assembled genomes and
blaKPC−2-bearing plasmids were annotated by the RAST server
(https://rast.nmpdr.org/) (Overbeek et al., 2014). A pairwise
comparison of genomes and variant callings for single-nucleotide
polymorphisms (SNPs) was conducted using Snippy version
4.4.5 with default settings (https://github.com/tseemann/snippy).
Carriage of the antimicrobial resistance genes and the Inc-
type of plasmids for the assembly scaffolds were determined
with default settings by ResFinder 3.2 (Zankari et al., 2012)
and PlasmidFinder 2.0 (Carattoli et al., 2014), respectively, at
the Center for Genomic Epidemiology (https://cge.cbs.dtu.dk/
services/). Visualization of genome comparison for blaKPC−2-
harboring plasmids was implemented using BRIG (version 0.95)
(Alikhan et al., 2011). The virulence factors in A. hydrophila
were identified using the VFanalyzer (http://www.mgc.ac.cn/
VFs/main.htm).

Transferability of the BlaKPC-2 Gene
Conjugation experiments based on the filter mating method
were performed to access the transferability of the plasmid-
mediated blaKPC−2 gene; a blaKPC−2-positive K. pneumoniae
strain K1 reported in our previous study was used as the positive
control strain (Cai et al., 2008). Apart from rifampicin-resistant
E. coli EC600, an induced-rifampicin-resistant A. hydrophila
(strain AhRF100), which was susceptible to carbapenems
(Table 1), was also employed as the recipient strain. The
putative transconjugants that grew on the MacConkey agar
plates supplemented with 50 mg/L rifampicin and 0.3 mg/L
meropenem were identified by MALDI-TOF MS and screened
for the acquisition of the blaKPC−2 gene by PCR. The conjugation
frequency was calculated as the ratio of the number of
transconjugants to the number of donors.

Plasmid Elimination
Plasmid elimination assays were performed for both A.
hydrophila Ah2101 and Ah2111 with repeated sodium dodecyl
sulfate (SDS) treatment in Luria-Bertani (LB) broth. For every
passage, 100 µl of the culture was added to a subculture of
5ml fresh LB broth containing 4% SDS, followed by overnight
incubation at 37◦C with shaking (200 rpm). The culture (20
µl) was then placed and streaked on LB plates, from which 30
single colonies were selected for assessment of carriage of the
blaKPC−2 gene by PCR. The serial transfer and SDS treatment
experiment were conducted until the blaKPC−2-bearing plasmids
were eliminated from the parent isolates.

Nucleotide Sequence Accession Numbers
The genome of A. hydrophila Ah2101 and the complete genome
sequence of A. hydrophila Ah2111 containing one chromosome
and seven plasmids have been deposited into the NCBI
database under BioProject accession number PRJNA823662 and

GenBank accession numbers JALKAG000000000 and CP095280
to CP095287.

RESULTS

Antimicrobial Susceptibility Results
A. hydrophila strains Ah2101 and Ah2111 exhibited similar
antimicrobial susceptibility profiles characterized by high-level
resistance to β-lactams including carbapenems. MIC values of
imipenem, meropenem, ertapenem, ceftazidime, cefotaxime,
cefepime, piperacillin/tazobactam, cefoperazone/sulbactam, and
aztreonam were above 128 mg/L. Both Aeromonas strains were
also resistant to ciprofloxacin and amikacin but remained
susceptible to ceftazidime/avibactam, chloramphenicol,
tetracycline, and trimethoprim/sulfamethoxazole (Table 1).

Whole-Genome and Phylogenetic Analysis
The genome of the two A. hydrophila strains, both of a size
of ∼5.2 Mbp, was obtained. Whole-genome analysis revealed
carriage of a variety of β-lactamase-encoding genes in both
strains, including blaKPC−2, 1blaTEM−1, blaPER−3, ampH,
and imiH. Among these genes, imiH is known to encode
a species-specific metallo-β-lactamase (MBL), which is a
member of the CphA family that selectively hydrolyzes penems
and carbapenems rather than penicillin and cephalosporins
(Bush and Bradford, 2020). Multiple antimicrobial resistance
determinants were also detected, conferring resistance to
quinolone (qnrS2), chloramphenicol (catB3), macrolide
[mph(A)], quaternary ammonium compounds (qacE),
sulfonamides (sul1), and aminoglycosides [armA, aadA16,
aac(6′)-Ib, and rmtB]. These two isolates, which share similar
virulence gene profiles, produce various virulence factors,
including pili, polar flagella, the type VI secretion system (T6SS),
Exe T2SS, aerolysin, hemolysin, the repeat in toxin A (RtxA),
and heat-stable cytotonic enterotoxin, which are responsible for
adherence, effector delivery, motility, and production of exotoxin
during the infection process. In addition, several genes encoding
nutritional or metabolic factors which may be associated with
bacterial virulence were identified (Supplementary Table S1).

To determine the genetic relatedness of A. hydrophila strains
Ah2101 and Ah2111, a genome-based phylogenetic analysis was
performed. The result showed that the two isolates differed by
only eight SNPs and a deletion of a 33-bp fragment among a
total of 5,079 putative genes, indicating that they belonged to
the same clone despite the fact that they were recovered from
two patients in different wards in the same hospital at dates that
were 10 months apart. The eight SNPs were detected in one non-
coding region and seven coding sequences (CDS), generating
missense mutations in genes encoding the histidine permease
YuiF, a methyl-accepting chemotaxis sensor/transducer protein,
the MSHA biogenesis protein MshG, the sensory histidine
kinase CreC, and a tail-specific protease precursor, as well as
synonymous mutations in genes that encode a transcriptional
regulator YidZ and an uncharacterized protein YfjI. In contrast,
the 33-bp deletion was detected in a CDS that encodes a putative
lipoprotein (Table 2).
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TABLE 1 | Antimicrobial susceptibility of A. hydrophila Ah2101 and Ah2111, the corresponding transconjugants, and plasmid-eliminated strains.

Straina MICs (mg/L)b

IPM MEM ETP CAZ CTX FEP TZP SCF ATM AK CIP C TE SXT CZA

Ah2101 >128 >128 >128 >128 >128 >128 >256/4 256/128 >128 >128 32 2 4 ≤1/19 ≤0.5/4

Ah2111 >128 >128 >128 >128 >128 >128 >256/4 256/128 >128 >128 16 2 4 ≤1/19 ≤0.5/4

Ah2101-PE 16 16 128 >128 >128 64 ≤8/4 ≤8/4 128 ≤4 32 2 4 ≤1/19 ≤0.5/4

Ah2111-PE 16 32 128 >128 >128 64 ≤8/4 ≤8/4 128 ≤4 32 2 4 ≤1/19 ≤0.5/4

AhRF100 ≤0.5 ≤0.5 ≤0.5 ≤1 ≤1 ≤1 ≤8/4 ≤8/4 ≤1 ≤4 ≤0.25 ≤1 ≤1 ≤1/19 ≤0.5/4

AhRF100-2101-TC 16 64 128 32 >128 128 256/4 128/64 128 >128 ≤0.25 ≤1 ≤1 ≤1/19 ≤0.5/4

AhRF100-2111-TC 16 64 128 32 >128 64 128/4 128/64 128 >128 ≤0.25 ≤1 ≤1 ≤1/19 ≤0.5/4

aPE, A. hydrophila strains whose blaKPC−2-bearing plasmids were eliminated; TC, A. hydrophila transconjugants carrying the blaKPC−2-bearing plasmid.
b IPM, imipenem; MEM, meropenem; ETP, ertapenem; CAZ, ceftazidime; CTX, cefotaxime; FEP, cefepime; TZP, piperacillin/tazobactam; SCF, cefoperazone/sulbactam; ATM,

aztreonam; CIP, ciprofloxacin; AK, amikacin; C, chloramphenicol; TE, tetracycline; SXT, trimethoprim/sulfamethoxazole; CZA, ceftazidime/avibactam. For piperacillin/tazobactam and

ceftazidime/avibactam, the tazobactam and avibactam were tested at a fixed concentration of 4 mg/L. For cefoperazone/sulbactam, the combination was tested with concentrations

of 2:1 ratio (antibiotic: inhibitor).

TABLE 2 | Comparative genetic analysis of A. hydrophila Ah2101 and Ah2111.

No. Type Region Effect Gene Product

1 SNP CDS Missense yuiF Histidine permease YuiF

2 SNP CDS Missense Unnamed Methyl-accepting chemotaxis sensor/transducer protein

3 SNP CDS Missense Unnamed MSHA biogenesis protein MshG

4 SNP CDS Missense creC Sensory histidine kinase CreC of two-component signal transduction system CreBC

5 SNP CDS Missense prc Tail-specific protease precursor

6 SNP CDS Synonymous yidZ Transcriptional regulator YidZ, LysR family

7 SNP CDS Synonymous yfjI Uncharacterized protein YfjI

8 SNP Non-coding region None none none

9 Deletion CDS Disruptive in-frame deletion Unnamed Putative lipoprotein

Molecular Characteristics and
Transferability of BlaKPC-2-Bearing
Plasmids
To determine the location and genetic context of the blaKPC−2

gene, A. hydrophila Ah2111, which was closely related to strain
Ah2101 according to the result of phylogenetic analysis which
showed that they exhibited differences of only eight SNPs and
one deletion, was subjected to long-read sequencing, and the
complete genome of the size of around 5.3 Mbp was obtained.
The complete sequence of A. hydrophila Ah2111 comprised a
chromosome of 5,035,848 bp in length as well as seven plasmids.
Two blaKPC−2-carrying plasmids designated as pAh2111-2-
KPC and pAh2111-6-KPC, respectively, were identified and
found to differ significantly in size (96,480 vs. 18,193 bp)
and plasmid structure. Apart from blaKPC−2, an rmtB gene,
which can mediate the expression of high-level resistance to
aminoglycosides including amikacin, was also located in the
plasmid pAh2111-2-KPC. The qnrS2 gene was another plasmid-
borne antimicrobial resistance gene located in a third plasmid,
whereas the other resistance genes were chromosomally located.
Based on the sequences of pAh2111-2-KPC and pAh2111-
6-KPC, two structurally similar blaKPC−2-carrying plasmids
were obtained from A. hydrophila Ah2101 by PCR mapping.
Further analysis showed that the homology of the backbone

for plasmid pAh2111-2-KPC exhibited the highest degree of
sequence homology to the plasmid pAsa8-b (GenBank accession
no. CP039630) in the Aeromonas caviae strain R25-2, with
97.94% identity (Figure 1A). A cluster of tra genes was conserved
in plasmids recovered from Aeromonas spp., suggesting that this
plasmid originated from this genus. Another blaKPC−2-carrying
plasmid, pAh2111-6-KPC, shared 99.54% similarity in 42% of
the sequence with plasmid pCRE3-KPC (GenBank accession
no. MH919378), which was from Citrobacter braakii, including
the blaKPC−2 gene locus in the length of 3,667 bp (Figure 1B).
Sequence alignment of the replication gene rep of this plasmid
revealed 95.24% identity to a variety of plasmid-borne rep genes
from Aeromonas spp. and the lack of the tra module, suggesting
that this plasmid was non-conjugative. Unlike some IncP-6-type
blaKPC−2-carrying plasmid in Aeromonas spp. (Hu et al., 2019;
Sekizuka et al., 2019), the two plasmids tested in this study were
found to belong to an unknown Inc-type.

Transferability and Elimination of
BlaKPC-2-Bearing Plasmids
Conjugation experiments were conducted to evaluate the
intra- and inter-species transferability of two blaKPC−2-bearing
plasmids. Both A. hydrophila Ah2101 and Ah2111 were
capable of transferring the blaKPC−2 gene to A. hydrophila
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FIGURE 1 | Comparison of two blaKPC−2-carrying plasmids pAh2111-2-KPC (A) and pAh2111-6-KPC (B) with the reference plasmids. The five circles from inside to

outside displayed the scale in kilobase pairs, the GC skew, the GC content, level similarity to the reference plasmids, and annotation of the plasmids tested in this

study, respectively.
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AhRF100, with a conjugation efficiency of 2.9 × 10−4 and
7.7 × 10−4, respectively. The functionality of blaKPC−2 genes
in A. hydrophila transconjugants (A. hydrophila AhRF100-
2101-TC and AhRF100-2111-TC) was further verified by
antimicrobial susceptibility tests, with results showing that both
transconjugant strains exhibited elevated MICs of carbapenems
(ranging from 16 to 128 mg/L) when compared with the
recipient strain (Table 1). To distinguish between the two
blaKPC−2-bearing plasmids, PCR amplification using two pairs
of primers that target the rep genes of plasmids pAh2111-2-
KPC and pAh2111-6-KPC, respectively, was performed. Both A.
hydrophila transconjugants of A. hydrophilaAh2101 and Ah2111
were only positive for the rep gene of plasmid pAh2111-2-KPC.
This finding, which was consistent with the high-level amikacin
resistance phenotype observed in transconjugants, confirmed
the horizontal transferability of pAh2111-2-KPC between two
different A. hydrophila strains. However, conjugative transfer of
carbapenem resistance to E. coli EC600 was unsuccessful.

Both blaKPC−2-carrying plasmids in A. hydrophila Ah2101
and Ah2111 were eliminated, followed by the SDS treatment in
three passages. The MICs of imipenem and meropenem of filial
strains for A. hydrophila Ah2111 and Ah2101 (A. hydrophila
Ah2101-PE and Ah2111-PE) decreased by more than 8-fold
when compared to parent strains. In addition, susceptibility of
the two plasmid-eliminated strains to piperacillin/tazobactam,
cefoperazone/sulbactam, and amikacin was restored (Table 1).

Genetic Context of the BlaKPC-2 Genes
Analysis of the genetic environment surrounding the blaKPC−2

genes that suggested a highly similar genetic structure of
“ISKpn27-1blaTEM−1-blaKPC−2-ISKpn6” was shared by
plasmid pAh2111-2-KPC and pAh2111-6-KPC of 3,984 bp
and 3,667 bp, respectively. In plasmid pAh2111-2-KPC, an
integration structure of Tn3-based transposon was found
located upstream of ISKpn27 and formed the transposable
unit “1Tn3-ISKpn27-1blaTEM−1-blaKPC−2-ISKpn6,” which
was common in blaKPC-bearing plasmids in Enterobacterales.
An example is K. pneumoniae strain WCHKP13F2 isolated
from Chengdu, China (GenBank accession no. CP028389.3).
A previous study demonstrated that Tn3-based transposons
might mediate the dissemination of the blaKPC−2 gene between
different Enterobacterales in China (Shen et al., 2009). As this
Tn3-based transposon cannot be conjugated to E. coli EC600, it
is conceivable that this Enterobacterales-bearing genetic element
plays a role in mediating mobilization and further dissemination
of the blaKPC−2 gene to plasmids in Aeromonas spp.

DISCUSSION

Aeromonas spp. thrive in aquatic environments and are regarded
as enteric pathogens of limited pathogenicity (Janda and Abbott,
2010). In the past few decades, isolation of KPC-producing
Aeromonas spp. from environmental samples is uncommon;
similarly, nosocomial infections due to Aeromonas spp. are rare.
In this study, we reported the clonal spread of two blaKPC−2-
carrying A. hydrophila strains recovered from clinical samples
of patients in ICUs with prior carbapenem exposure. The

emergence and dissemination of these isolates were possibly
associated with antibiotic therapy. Previous reports on blaKPC−2-
carrying Aeromonas spp. in clinical settings have only involved
sporadic isolation of a single clinical strain (Tang et al., 2020).
Our study showed that there is a risk for clonal dissemination
of such strains, presumably due to the selective pressure of β-
lactams. Furthermore, a 10-month interval between the isolation
of A. hydrophila strains Ah2101 and Ah2111 indicated that these
strains may act as blaKPC−2 gene reservoirs that persist for a
long period of time in the hospital environment, potentially
causing life-threaten infectious diseases, especially among ICU
patients who have weakened immunity and often require
antimicrobial treatment.

Two blaKPC−2-carrying plasmids of different sizes harbored by
A. hydrophila Ah2101 and Ah2111 were also characterized and
a similar genetic structure of “ISKpn27-1blaTEM−1-blaKPC−2-
ISKpn6” was identified. This structure was frequently detected
in Enterobacterales and commonly associated with a Tn3-
based transposon, which had been reported in a variety of
IncP-6 plasmids of Aeromonas strains recovered from both
environmental and clinical samples (Hu et al., 2019; Sekizuka
et al., 2019). Most of these types of plasmids were detected in
China; however, both blaKPC−2-carrying plasmids in this study
belonged to an unknown Inc-type. Furthermore, conjugation
experiments with E. coli EC600 and A. hydrophila AhRF100 as
the recipient strains yielded the opposite results, suggesting that
horizontal transfer of the plasmid pAh2111-2-KPCwas restricted
to the same species or genus. Given the high degree of sequence
homology between the backbone of pAh2111-2-KPC and that
of plasmids from Aeromonas spp., it is assumed that the spread
of the blaKPC−2 gene to Aeromonas spp. might not be mediated
by the transmission of the blaKPC−2-carrying plasmids from
Enterobacterales.

The structural plasticity of Tn3-based transposons was also
demonstrated previously through the identification of various
truncated blaTEM−1 genes which typically constitute the Tn3
transposons, with or without carriage of Tn3-transposase and
resolvase-encoding variant genes (Shen et al., 2009; Yang
et al., 2013). The diversity of this genetic structure explains
the difference between the genetic environments of these
two blaKPC−2-carrying plasmids and why they appeared to
form through different mechanisms. We therefore reasonably
speculate that the transposition event mediated by Tn3-based
transposon from Enterobacterales results in integration of the
blaKPC−2-containing fragment into the backbones of inherent
plasmids of Aeromonas spp., thereby generating the blaKPC−2-
carrying plasmids like pAh2111-2-KPC. The establishment of
another plasmid in our study was presumably due to horizontal
transfer facilitated by insertion sequences flanking the blaKPC−2

gene without the Tn3-based transposons; alternatively, it is
possible that genes encoding Tn3-transposase and its resolvase
were lost upon transposition during the process of dissemination
of this plasmid. Moreover, the genus Aeromonas is naturally
transformable under optimal conditions, and most Aeromonas
spp. prefer to acquire DNA from close relatives (Huddleston
et al., 2013); therefore, the horizontal transferability between the
Aeromonas spp. for these blaKPC−2-bearing plasmids is a concern
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if we need to prevent and control the dissemination of resistance
elements in this genus.

CONCLUSION

This study reported the identification of the blaKPC−2 gene
located in a conserved genetic structure in two closed-related
clinical isolates of A. hydrophila which shared a similar virulence
gene profile. Such structure was most likely derived from
Enterobacterales. Both Aeromonas isolates displayed high-level
resistance to carbapenems encoded by both the chromosomal
MBL gene imiH and two blaKPC−2 genes located in two distinct
plasmids, one of which can undergo horizontal transfer between
Aeromonas spp. To the best of our knowledge, this is the
first report of clonal spread of KPC-producing A. hydrophila
which carries two blaKPC−2-bearing plasmids in clinical settings.
Hence, nosocomial surveillance for blaKPC−2 reservoirs should
not be limited to Enterobacterales, but also other Gram-negative
bacteria with standard workup established under the conception
of “One Health.”
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