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A B S T R A C T

Background: The emergence of mobile colistin resistance determinants in clinically relevant Acinetobacter species 
poses a growing challenge to antimicrobial stewardship and One Health surveillance. Although mcr-4.3 has been 
reported in Acinetobacter, its occurrence in imported food animals and its broader phylogenomic context remain 
poorly defined.
Methods: We investigated fecal samples collected from 150 beef cattle imported from Australia to China. Aci
netobacter isolates recovered by selective culture were subjected to whole-genome sequencing, and the mcr-4.3- 
positive isolate was further resolved by hybrid assembly using short- and long-read sequencing. Comparative 
plasmid analysis and global phylogenomic analysis were performed using publicly available A. nosocomialis 
genomes.
Results: Among 54 Acinetobacter isolates recovered from imported cattle, one A. nosocomialis isolate, NB148, 
carried mcr-4.3. Complete genome sequencing showed that mcr-4.3 was located on a 28,233-bp plasmid, 
designated pNB148_mcr-4.3, which harbored plasmid maintenance-associated toxin-antitoxin systems and 
shared substantial backbone similarity with previously reported mcr-4.3-bearing plasmids from Acinetobacter 
species. The mcr-4.3 region was positioned downstream of a putative recombinase and a Tn3-family transposase, 
suggesting a conserved genetic framework for this resistance determinant. Global phylogenomic analysis 
incorporating 574 publicly available A. nosocomialis genomes placed NB148 within a diverse international 
population characterized by mixing across animal, environmental, and human sources. Among the global 
collection, 11 genomes carried mcr-4.3, of which 10 belonged to ST279, indicating that this lineage may 
represent an important genomic background for the persistence and international distribution of mcr-4.3-positive 
A. nosocomialis.
Conclusions: This study documents plasmid-borne mcr-4.3 in A. nosocomialis recovered from imported beef cattle 
and places this finding within a broader international One Health context. Our data expand the known ecological 
range of mcr-4.3-positive A. nosocomialis and support strengthened genomic surveillance at animal
–human–environment interfaces, particularly in importation and border inspection settings.
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1. Introduction

Acinetobacter nosocomialis has emerged as a significant opportunistic 
pathogen, especially in healthcare settings and among immunocom
promised patients, due to its multidrug resistance [1]. Treatment op
tions are limited, with colistin often serving as a ‘last-resort’ antibiotic. 
However, the global spread of plasmid-mediated colistin resistance 
genes (mcr) has severely complicated resistance management [2,3]. 
Initially prevalent in Enterobacteriaceae, mcr genes are now also a rising 
concern in the Acinetobacter genus, which is healthcare-associated in
fections [1,4].

The mcr-4 gene was first reported on a plasmid in Salmonella 
enterica from swine [5]. The mcr-4.3 variant is distinguished from 
mcr-4 by two specific amino acid substitutions (V179G and V236F) 
[6]. It was initially detected in 2014 in Enterobacter cloacae from 
human clinical specimens [7]. Notably, the mcr-4.3 gene was 
documented on a plasmid in a clinical isolate of A. nosocomialis from 
South Africa in 2017, marking its first report in Africa and in this 
bacterial species [8]. However, functional studies present a complex 
picture: while the presence of the mcr-4.3-carrying plasmid was 
linked to colistin resistance in the original A. nosocomialis isolate 
[8], recombinant expression of mcr-4.3 in Escherichia coli did not 
confer resistance in another study [7], suggesting its functionality 
may be context-dependent.

The mcr-4.3 gene has been identified in clinically significant 
pathogens including A. nosocomialis, Acinetobacter baumannii, 
Enterobacter kobei and Leclercia adecarboxylata [4,8–11]. Its detec
tion in livestock-associated bacteria in China suggests that animals 
may serve as potential reservoirs, facilitating its environmental 
dissemination [12,13]. The risk of cross-species transmission is 
underscored by the discovery of highly similar, large multidrug- 
resistant plasmids in different Acinetobacter species, indicating the 
potential for such plasmids to transfer across genus boundaries [1]. 
Critically, the dissemination of such resistance determinants is not 
confined to hospitals. The “One Health” paradigm recognizes that 
antimicrobial resistance (AMR) evolves and spreads at the human- 
animal-environment interface, driven by interconnected factors 
such as antimicrobial use in veterinary medicine and agriculture. 
Evidence of mcr genes in livestock, food products, and environ
mental samples confirms their circulation across these reservoirs, 
creating a pervasive risk of transmission back to humans [14]. 
Plasmids, especially those harboring complex transposons and sta
bility systems like toxin-antitoxin modules, are key vectors in this 
cross-boundary gene flow, enabling resistance genes like mcr-4.3 to 
transfer between different bacterial species and genera [15]. Despite 
this understanding, specific data on the role of international live 
animal trade as a direct pathway for introducing mcr-4.3-harboring 
A. nosocomialis into new regions remains scarce.

Despite increasing recognition of the human–animal–environment 
interface in the dissemination of antimicrobial resistance, the occur
rence and genomic features of mcr-4.3-positive A. nosocomialis in im
ported food animals remain poorly understood. In particular, it is 
unclear whether imported livestock may serve as a previously under
recognized reservoir for clinically relevant Acinetobacter lineages car
rying mobile colistin resistance determinants. In this study, we screened 
Acinetobacter isolates recovered from beef cattle imported from Australia 
to China and identified an A. nosocomialis isolate carrying plasmid-borne 
mcr-4.3. We then combined complete genome sequencing, comparative 
plasmid analysis, and global phylogenomics to characterize its genetic 
context and to assess its placement within the international population 
structure of A. nosocomialis. Our findings provide genomic evidence that 
imported food animals should be considered in One Health surveillance 
frameworks aimed at tracking the transboundary movement of rare but 
clinically relevant resistance determinants.

2. Materials and methods

2.1. Bacterial isolation and identification

In September 2019, fecal samples were collected from each of the 
150 Australian beef cattle in a single batch upon arrival at Ningbo Port, 
China. Each sample was enriched in Brain Heart Infusion broth (OXOID, 
United Kingdom) and incubated with shaking at 200 rpm, 37 ◦C for 20 h. 
Cultures were then plated on MacConkey agar (OXOID, United 
Kingdom) with 2 ug/ml cefotaxime to identify cephalosporin-resistant 
Gram-negative bacteria [16]. The addition of 2 μg/ml cefotaxime was 
intended to selectively inhibit cephalosporin-susceptible commensal 
bacteria, thereby enriching for cephalosporin-resistant Gram-negative 
bacteria, including Acinetobacter species, as previously described. We 
screened multiple colonies per stool sample based on distinct colony 
morphologies. Selected colonies were purified and identified using 
MALDI-TOF MS (Vitek MS system, bioMérieux, France) [17]. All 54 
Acinetobacter sp. isolates underwent whole-genome sequencing for 
further analysis.

2.2. Antimicrobial susceptibility testing (AST)

The minimum inhibitory concentrations (MICs) of the following 
antimicrobial agents were determined for the isolate: piperacillin/ 
tazobactam, ceftazidime, cefotaxime, imipenem, meropenem, amikacin, 
gentamicin, ciprofloxacin, levofloxacin, trimethoprim/sulfamethoxa
zole, and polymyxin B. All antibiotics were tested using the standard 
agar dilution method, except for polymyxin B, for which the broth 
microdilution method was employed in accordance with the recom
mendations of the Clinical and Laboratory Standards Institute (CLSI) 
M100 guidelines. For each batch of tests, Escherichia coli ATCC 25922 
was used as the quality control strain, and its MIC results consistently 
fell within the acceptable ranges defined by CLSI. The MICs were 
interpreted as susceptible (S), intermediate (I), or resistant (R) according 
to the CLSI breakpoints.

2.3. Genome sequencing and bioinformatic analysis

Genomic DNA was extracted from 54 Acinetobacter sp. isolates using 
the BeadPure Bacterial DNA Kit B (Zenpio, China). All isolates were 
subjected to short-read sequencing on an Illumina NovaSeq 6000 plat
form (San Diego, CA, USA). The isolate carrying the mcr-4.3 gene 
(NB148) was selected for complete genome reconstruction via addi
tional long-read sequencing using an Oxford Nanopore MinION system 
(Oxford Nanopore Technologies, Oxford, United Kingdom) [18]. Hybrid 
assembly of short and long reads was performed with Unicycler v0.5.1 to 
generate a circularized genome [19]. Species identification for all iso
lates was confirmed by Average Nucleotide Identity (ANI) analysis using 
PyANI v1.33 [20], which classified 16 isolates as Acinetobacter nosoco
mialis. Antimicrobial resistance genes and plasmid replicons were 
identified using ABRicate v1.4.0 against the ResFinder [21] and Plas
midFinder databases [22], respectively. The genetic context of the mcr- 
4.3 gene was analyzed by BLASTn. Circular comparisons of plasmids 
(Fig. 1A) were visualized using BLAST Ring Image Generator (BRIG) 
v0.95 [23] and linear comparisons of genetic structures (Fig. 1B) were 
visualized using Easyfig v2.2.2 [24].

2.4. Comparative genomic and phylogenetic analysis

To place the mcr-4.3-positive isolate in a global context, a total of 574 
A. nosocomialis genome sequences were retrieved from the NCBI As
sembly database (accessed on December 18, 2025) using the search term 
“Acinetobacter nosocomialis”. Core-genome single nucleotide poly
morphism (SNP) phylogenetic analysis was performed using Snippy 

H. Xu et al.                                                                                                                                                                                                                                       One Health 22 (2026) 101466 

2 



70%

100%

IS
Aba

19

RelE
/P

ar
E 

fam
ily

 to
xin

Ph
d/Y

efM
 fa

mily
an

tit
ox

in

re
so

lva
se

IS
Ps

y4
2

RelE
/P

ar
E 

fam
ily

 to
xin

Ph
d/Y

efM
 fa

mily
an

tit
ox

in

re
co

mbin
as

e f
am

ily
 pr

ot
ein

m
cr
4.3

HNH en
do

nu
cle

as
e

co
by

rin
ic 

ac
id 

ac
-d

iam
ide

 sy
nt

ha
se

Rep
B fa

mily
 pl

as
mid 

re
pli

ca
tio

n i
nit

iat
or

 pr
ot

ein

RelE
/P

ar
E 

fam
ily

 to
xin

Ph
d/Y

efM
 fa

mily
an

tit
ox

in

re
so

lva
se

IS
Ps

y4
2

RelE
/P

ar
E 

fam
ily

 to
xin

Ph
d/Y

efM
 fa

mily
an

tit
ox

in

re
co

mbin
as

e f
am

ily
 pr

ot
ein

m
cr
4.3

HNH en
do

nu
cle

as
e

co
by

rin
ic 

ac
id 

ac
-d

iam
ide

 sy
nt

ha
se

Rep
B fa

mily
 pl

as
mid 

re
pli

ca
tio

n i
nit

iat
or

 pr
ot

ein

typ
e I

 re
str

ict
ion

 en
do

nu
cle

as
e s

ub
un

it R

IS
3 f

am
ily

 tr
an

sp
os

as
e

IS
30

 fa
mily

 tr
an

sp
os

as
e

IS
Ps

y4
2

RelE
/P

ar
E 

fam
ily

 to
xin

Ph
d/Y

efM
 fa

mily
an

tit
ox

in

re
co

mbin
as

e f
am

ily
 pr

ot
ein

m
cr
4.3

HNH en
do

nu
cle

as
e

co
by

rin
ic 

ac
id 

ac
-d

iam
ide

 sy
nt

ha
se

Rep
B fa

mily
 pl

as
mid 

re
pli

ca
tio

n i
nit

iat
or

 pr
ot

ein

Ty
pe

 I r
es

tri
cti

on
-m

od
ific

ati
on

 sy
ste

m

Ty
pe

 I r
es

tri
cti

on
-m

od
ific

ati
on

 sy
ste

m

Ty
pe

 I r
es

tri
cti

on
-m

od
ific

ati
on

 sy
ste

m

Er
ro

r-p
ro

ne
 re

pa
ir(

UmuD
)

Er
ro

r-p
ro

ne
 re

pa
ir(

UmuC
)

Er
ro

r-p
ro

ne
 re

pa
ir(

UmuC
)

RelE
/P

ar
E 

fam
ily

 to
xin

Ph
d/Y

efM
 fa

mily
an

tit
ox

in

re
so

lva
se

NB148

CP038265

MW413305

CP076399

RelE
/P

ar
E 

fam
ily

 to
xin

Ph
d/Y

efM
 fa

mily
an

tit
ox

in
m
cr
4.3

re
co

mbin
as

e f
am

ily
 pr

ot
ein

HNH en
do

nu
cle

as
e

co
by

rin
ic 

ac
id 

ac
-d

iam
ide

 sy
nt

ha
se

Rep
B fa

mily
 pl

as
mid 

re
pli

ca
tio

n i
nit

iat
or

 pr
ot

ein

typ
e I

 re
str

ict
ion

 en
do

nu
cle

as
e s

ub
un

it R

Ty
pe

 I r
es

tri
cti

on
-m

od
ific

ati
on

 sy
ste

m

IS
Ps

y4
2

A

B

Fig. 1. Genomic features of the mcr-4.3-bearing plasmid in Acinetobacter nosocomialis NB148. 
(A) Circular comparison of plasmid pNB148_mcr-4.3 identified in this study with representative mcr-4.3-bearing plasmids from Acinetobacter species based on 
BLASTn analysis. The outer circle represents pNB148_mcr-4.3, and the inner circles represent reference plasmids with GenBank accession numbers CP038265, 
MW413305, and CP076399. Shaded regions indicate homologous nucleotide similarity between plasmids. 
(B) Linear comparison of the major structural features and mcr-4.3 genetic contexts of pNB148_mcr-4.3 and representative related plasmids. Open reading frames are 
shown as arrows indicating gene orientation, with selected genes labeled according to annotated function.
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v4.6.0 (https://github.com/tseemann/snippy) with the Acinetobacter 
nosocomialis strain XH1679 as the reference. Recombination regions 
were filtered out using Gubbins v3.4.3 [25], and a maximum-likelihood 
phylogenetic tree was constructed with Fasttree v2.1.11 [26] and visu
alized in iTOL (https://itol.embl.de). Sequence types (STs) were deter
mined via PubMLST according to the multilocus sequence typing 
(MLST) scheme (https://pubmlst.org/organisms). A mutation in the 
fusA gene was identified by sequence alignment. Clonal relatedness was 
defined as isolates differing by ≤200 core-genome SNPs, a threshold 
used in similar studies of bacterial transmission,

3. Results and discussion

3.1. Recovery of Acinetobacter isolates from imported beef cattle and 
identification of an mcr-4.3-positive A. nosocomialis isolate

In September 2019, 150 fecal samples from Australian beef cattle 
imported via Ningbo Port were analyzed for bacteria. After enrichment 
and plating, 54 potential Acinetobacter sp. colonies were identified. 
MALDI-TOF MS, whole-genome sequencing, and ANI analysis confirmed 
11 A. nosocomialis isolates and 5 subspecies highly similar to 
A. nosocomialis (Fig. S1). Whole genomic sequences showed one isolate, 
NB148, had the plasmid-borne colistin resistance gene mcr-4.3. Anti
microbial susceptibility testing of isolate NB148 (Table 2) showed sus
ceptibility to a range of antibiotics including ceftazidime, cefotaxime, 
carbapenems (imipenem and meropenem), aminoglycosides (amikacin 
and gentamicin), fluoroquinolones (ciprofloxacin and levofloxacin), and 
trimethoprim/sulfamethoxazole. In contrast, it was resistant to piper
acillin/tazobactam and, notably, exhibited resistance to polymyxin B 
with a minimum inhibitory concentration (MIC) of 8 mg/l, which aligns 
with the presence of the acquired mcr-4.3 gene.

3.2. Complete genomic characterization of NB148 and structural features 
of plasmid pNB148_mcr-4.3

Based on the genomic data from the mcr-4.3-positive A.nosocomialis 
strain NB148, hybrid assembly of Illumina and Nanopore sequencing reads 
produced a complete genome consisting of a single circular chromosome 
(3,898,347 bp) and three plasmids. The mcr-4.3 gene was identified on a 
28,233 bp plasmid, designated pNB148_mcr-4.3. This plasmid could not be 
assigned to any known replicon type using the PlasmidFinder database. 
BLASTn analysis revealed that pNB148_mcr-4.3 shared greater than 62% 
coverage and 98.06% nucleotide identity with previously reported mcr-4.3- 
harboring plasmids from Acinetobacter species, such as pAb-MCR4.3 from a 
clinical A. baumannii isolate (Fig. 1A) [4]. The plasmid carries a RepM 
protein of the RepB family (Rep-3 superfamily), which is consistent with the 
type of mcr-4.3 plasmid pCAC13a found in the clinical A. nosocomialis 
isolate from South Africa [8]. It contains two type II toxin-antitoxin (TA) 
systems (PhD/YefM and RelE/ParE), which are associated with plasmid 
stability and persistence [2], this might clarify why the elimination of these 
plasmids can reinstate the strain's sensitivity to colistin [8]. Genetic context 
analysis showed the mcr-4.3 gene is located downstream of a putative 
recombinase and a Tn3 family transposase (ISPsy42), while no mobile ge
netic elements were identified immediately downstream of the gene, 
forming a structure consistent with other characterized mcr-4.3 genetic 
environments (Fig. 1B) [4,8]. The conserved genetic context of mcr-4.3 
across different Acinetobacter-associated plasmids suggests that this deter
minant may persist across multiple ecological settings, underscoring the 
need for continued public health surveillance [8,27].

3.3. Global phylogenomic placement of NB148 within the international 
A. nosocomialis population

To assess the phylogenetic context of the imported mcr-4.3-positive 
strain, we analyzed 574 A. nosocomialis genome assemblies from NCBI 
and constructed a core-genome SNP-based maximum-likelihood tree 

with 16 strains from our study (Table 1, Fig. 2). The resulting phylogeny 
revealed extensive mixing of isolates from animals, the environment, 
and humans across countries, with no clear geographic clustering. This 
pattern suggests that the global spread of A. nosocomialis lineages is 
driven less by the expansion of specific geographic clones and more by 
the frequent horizontal transfer of mobile genetic elements (MGEs) 
across ecological boundaries, which aligns with the known role of broad- 
host-range plasmids in facilitating the cross-sectoral spread of resistance 
genes within the Acinetobacter genus [1]. Strain NB148, isolated from 
imported cattle in China, grouped closely with a human-derived strain 
from Malaysia (2015) and was phylogenetically distinct from most 
Chinese isolates. Its placement within a mixed clade containing isolates 
from multiple countries and source types is consistent with circulation 
across interconnected ecological settings indicating that related lineages 
or associated mobile genetic elements may circulate internationally. 
Although the precise transmission routes cannot be resolved from our 
data, this finding echoes previous reports where identical or highly 
similar plasmids carrying critical resistance genes (mcr-4.3) have been 
identified in both animal and human Acinetobacter isolates from dispa
rate regions, underscoring a connected One Health transmission cycle 
[4,8]. The observed phylogenetic mixing across sectors underscores that 
A. nosocomialis transmission is not confined to specific hosts or envi
ronments, but rather facilitated by mobile genetic elements like plas
mids, which can rapidly disseminate resistance genes globally. This 
highlights an urgent need for coordinated surveillance across human, 
animal, and environmental sectors to track and mitigate the spread of 
high-risk resistance determinants. Therefore, the phylogenetic position 
of NB148 supports the view that imported livestock may intersect with 
the international circulation of resistance-associated Acinetobacter line
ages, underscoring the value of enhanced genomic surveillance at ports 
of entry within integrated One Health strategies.

3.4. Global distribution of A. nosocomialis across source, geographic 
regions, and sequence types

A Sankey diagram analysis of 590 A. nosocomialis isolates (16 from 
this study, 574 from NCBI) highlighted intricate epidemiological links 
among geographic origin, sequence type (ST), and isolation source. The 
strains came from 23 countries, mainly the USA (184), China (179), and 
Japan (48). MLST analysis revealed diverse STs, including ST410, 
ST433, ST71, ST768, ST279, ST68, ST217, ST1264, ST395, and ST501, 
with 255 strains in other STs. Notably, ST279, prevalent among mcr-4.3- 
positive strains, was found in animal, environmental, and human sour
ces, indicating a broad host range. Isolation sources were human (306), 
environmental (204), animal (37), and unknown (43). The diagram 
showed extensive cross-linking among all sources, STs, and regions, with 
no source-specific lineage segregation (Fig. 3). This interconnected 
distribution underscores the relevance of A. nosocomialis to the human- 
animal-environment interface and supports its inclusion in One Health 
surveillance frameworks. The clinical relevance of human-derived 
strains is well-documented, as A. nosocomialis is a recognized cause of 
nosocomial bloodstream infections [28,29]. Recent studies corroborate 
these epidemiological links, showing that A. nosocomialis exhibits 
diverse sequence types (STs) across different reservoirs [30] and is a 
significant cause of nosocomial bloodstream infections [31]. Further
more, environmental surveillance has detected Acinetobacter baumannii 
complex in healthcare facility wastewater [32], while genomic analysis 
of A. pittii demonstrates the transfer of carbapenem resistance via plas
mids [33], underscoring the role of mobile genetic elements in cross- 
sectoral spread.

3.5. International occurrence and close relatedness of mcr-4.3-positive 
A. nosocomialis isolates

Including the NB148 strain characterized in this study, a total of 
twelve mcr-4.3-positive A. nosocomialis genomes were identified among 
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the 574 global genomes analyzed. These twelve strains originated from 
four geographic locations (South Korea, Thailand, South Africa and 
China) and three source types (environmental, animal, and human). The 
mcr-4.3-positive A. nosocomialis strain NB148, recovered from imported 
beef cattle in this study, was identified as sequence type ST279, 
consistent with the predominant lineage observed among global mcr- 
4.3-positive isolates. Eight of these strains originated from South 
Korea (seven environmental, one animal) (Fig. 4), while the remaining 
three were human-associated cases from Thailand, South Africa, and 
Taiwan area. This indicates that these mcr-4.3-positive A. nosocomialis 
have been detected across multiple continents. Notably, the presence of 
mcr-4.3 in a clinical A. nosocomialis isolate from South Africa has been 
independently confirmed, with the gene located on a RepB plasmid 
(pCAC13a) [8]. This finding documents the first detection of plasmid- 
mediated mcr-4.3 in Africa and underscores its establishment in clin
ical settings. Core-genome SNP analysis revealed that the three human- 
associated strains from Thailand, South Africa, and Taiwan area differed 
by ≤200 SNPs from the major Korean cluster (Table 1). This degree of 
genetic relatedness supports the presence of a closely related interna
tional cluster, although the timing and direction of spread cannot be 
resolved from the available data. Although NB148 belonged to the same 
sequence type (ST279) as the majority of mcr-4.3-positive isolates, core- 
genome SNP analysis revealed that NB148 was genetically more distant, 
differing by approximately 2000 SNPs from the major Korean environ
mental cluster and the human-associated strains (Table 1). This degree 
of divergence suggests that, while ST279 may represent a common 

genomic background for mcr-4.3 carriage across different reservoirs, the 
global dissemination of this determinant is not driven by a single highly 
clonal lineage but rather by the horizontal transfer of mcr-4.3-bearing 
plasmids across genetically diverse ST279 strains. The identification of 
mcr-4.3 on a plasmid in the South African isolate [8] provides a plausible 
genetic mechanism for the observed clonal spread, suggesting that South 
Korea is currently overrepresented among available genomes in this 
cluster, although this pattern may also reflect sampling bias. Multilocus 
sequence typing (MLST) revealed that, among the eleven mcr-4.3-posi
tive strains from Korea, Thailand, South Africa, and Taiwan, ten 
belonged to ST279 and one (from Korea) to ST322. Including the NB148 
strain (also ST279) characterized in this study, a total of 11 out of 12 
mcr-4.3-positive A. nosocomialis genomes belonged to ST279. The pre
dominance of ST279 among currently available mcr-4.3-positive ge
nomes suggests that this lineage may represent an important genomic 
background for the persistence or wider distribution of this determinant, 
although additional genomic and functional data are needed to define its 
clinical impact [8]. Further analysis identified a unique mutation in the 
fusA gene within the strain from Taiwan area. This mutation may 
represent a lineage-associated genomic feature, although its functional 
relevance to antibiotic resistance remains to be determined. Compared 
with prior reports focused mainly on mcr-4.3 carriage, this observation 
suggests that additional lineage-associated genomic variation may 
accompany the broader distribution of ST279-related isolates [8].

mcr Genes

mcr-4.3

mcr-1.1

Continent

NA

Asia

North America

Africa

Oceania

Europe

South America

Source

NA

Homo sapiens

Animal

Environmental
GCA 051547225.1GCA 051547485.1GCA 014218925.1GCA 053005505.1GCA 031981605.1GCA 051547185.1GCA 051547305.1GCA 000802905.1GCA 002415405.1GCA 032007965.1
NB6

NB9-2
NB2-2GCA 003006925.1GCA 046488825.1GCA 037032065.1GCA 034299035.1

GCA 036802245.1
GCA 032089695.1
GCA 032001805.1
GCA 034305725.1

GCA 016506105.1
GCA 008986925.1
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Fig. 2. Global phylogenomic context of Acinetobacter nosocomialis, including NB148 recovered from imported beef cattle. 
Maximum-likelihood phylogenetic tree inferred from core-genome SNPs of A. nosocomialis genomes included in this study together with publicly available genomes 
from the NCBI database. Metadata displayed alongside the tree include geographic origin, continent, isolation source, and number of antimicrobial resistance genes 
(ARGs). The presence or absence of mcr genes is indicated in the annotation panel.
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4. Conclusion

In conclusion, this study documents plasmid-borne mcr-4.3 in an 
A. nosocomialis isolate recovered from imported beef cattle in China 
and places this finding within a broader international genomic context. 
Complete genome sequencing showed that mcr-4.3 was located on a 
28,233-bp plasmid carrying maintenance-associated toxin-antitoxin 
systems and a conserved transposition-linked genetic environment, 
supporting its persistence in Acinetobacter plasmid backgrounds. 
Comparative phylogenomics further indicated that mcr-4.3-positive 
A. nosocomialis remains uncommon but is distributed across multiple 
regions and source types, with most currently available genomes 
belonging to ST279. Although our data do not establish direct trade- 
mediated transmission, they expand the known ecological range of 
this resistance determinant and support the inclusion of imported food 
animals in border-associated One Health surveillance aimed at detect
ing the transboundary movement of clinically relevant antimicrobial 
resistance genes.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.onehlt.2026.101466.

CRediT authorship contribution statement

Hao Xu: Writing – original draft, Formal analysis. Yaling Li: Writing 
– original draft, Formal analysis. Shaohua Hu: Visualization, Data 
curation. Ruishan Liu: Visualization, Data curation. Kun Wang: Visu
alization, Data curation. Beiwen Zheng: Writing – review & editing, 
Resources, Conceptualization. Yonghong Xiao: Writing – review & 
editing, Resources, Conceptualization.

Ethical approval

Not applicate.

USA
(184)

China
(179)

Japan
(48)

Unknown
(46)

Other
(42)

Malaysia
(38)

Thailand
(17)

South Korea(13)

Singapore (13)

Fiji (10)

New
(130)

Other
(125)

410
(51)

433
(51)

71
(45)

768
(43)

279
(38)

68
(38)

217
(21)

1264
(20)

395
(18)

501(10)

Homo sapiens
(306)

Environmental
(204)

Unknown
(43)

Animal
(37)

MLST SourceLocation
Fig. 3. Global distribution of Acinetobacter nosocomialis across geographic regions, sequence types, and isolation sources. 
Sankey diagram summarizing the relationships among geographic origin, multilocus sequence type (MLST), and isolation source for 590 A. nosocomialis genomes 
analyzed in this study, including strains generated here and genomes retrieved from public databases. Flows illustrate the distribution of major sequence types across 
different regions and ecological source categories.

GCA 014840195.1
GCA 051547245.1
GCA 020113175.1
GCA 051547445.1
GCA 028751665.1
GCA 051547205.1
NB148hy
GCA 051547225.1
GCA 051547485.1
GCA 000802905.1
GCA 051547185.1
GCA 051547305.1

Tree scale: 0.01

ap
h(
3'
')−
Ib

ap
h(
3'
)−
Ia

ap
h(
6)
−I
d

bl
aA
D
C
−2
5

m
cr
−4
.3

su
l2

te
t(B
)

value

1

South Africa
South Korea
South Korea
South Korea
China
South Korea
China
South Korea
South Korea
Thailand
South Korea
South Korea

Homo sapiens
Environment
Animal
Environment
Homo sapiens
Environment
Animal
Environment
Environment
Homo sapiens
Environment
Environment

2017
2023
2019
2023
2012
2023
2019
2023
2023
2010
2023
2023 279

322
NA

No Location Source
Collection

date MLST

Fig. 4. Phylogenomic relatedness of mcr-4.3-positive Acinetobacter nosocomialis isolates. 
Phylogenetic tree of mcr-4.3-positive A. nosocomialis isolates identified from the NCBI database together with the isolate characterized in this study. Metadata shown 
alongside the tree include geographic origin, isolation source, collection date, and MLST type. Associated resistance gene profiles are displayed in the annota
tion panel.

H. Xu et al.                                                                                                                                                                                                                                       One Health 22 (2026) 101466 

6 

https://doi.org/10.1016/j.onehlt.2026.101466
https://doi.org/10.1016/j.onehlt.2026.101466


Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgments

This work was supported by the Natural Science Foundation of 
Zhejiang Province (grant number LQ24H260001), Medical Science and 
Technology Project of Zhejiang Province (grant number 2023KY721), 
Fundamental Research Funds for the Central Universities 
(2022ZFJH003), and Shandong Provincial Laboratory Project 
(SYS202202).

Data availability

Sequences mentioned in the present study were submitted to the 
GenBank nucleotide database with BioProject Accession Number: 
PRJNA1434333.

References

[1] A.G. Alattraqchi, F. Mohd Rani, A.R. Ni, S. Ismail, D.W. Cleary, S.C. Clarke, C. 
C. Yeo, Complete Genome Sequencing of Acinetobacter baumannii AC1633 and 
Acinetobacter nosocomialis AC1530 Unveils a Large Multidrug-Resistant Plasmid 
Encoding the NDM-1 and OXA-58 Carbapenemases, mSphere 6 (2021), https://doi. 
org/10.1128/mSphere.01076-20.

[2] S. Lee, J.U. An, W.H. Kim, S. Yi, J. Lee, S. Cho, Different threats posed by two major 
mobilized colistin resistance genes - mcr-1.1 and mcr-3.1 - revealed through 
comparative genomic analysis, J. Glob. Antimicrob. Resist. 32 (2023) 50–57, 
https://doi.org/10.1016/j.jgar.2022.12.007.

[3] Y. Li, X. Dai, J. Zeng, Y. Gao, Z. Zhang, L. Zhang, Characterization of the global 
distribution and diversified plasmid reservoirs of the colistin resistance gene mcr-9, 
Sci. Rep. 10 (2020) 8113, https://doi.org/10.1038/s41598-020-65106-w.

[4] N. Martins-Sorenson, E. Snesrud, D.E. Xavier, L.C. Cacci, A.T. Iavarone, P. McGann, 
L.W. Riley, B.M. Moreira, A novel plasmid-encoded mcr-4.3 gene in a colistin- 
resistant Acinetobacter baumannii clinical strain, J. Antimicrob. Chemother. 75 
(2020) 60–64, https://doi.org/10.1093/jac/dkz413.

[5] A. Carattoli, L. Villa, C. Feudi, L. Curcio, S. Orsini, A. Luppi, G. Pezzotti, C. 
F. Magistrali, Novel plasmid-mediated colistin resistance mcr-4 gene in Salmonella 
and Escherichia coli, Italy 2013, Spain and Belgium, 2015 to 2016, Euro Surveill. 
22 (2017), https://doi.org/10.2807/1560-7917.ES.2017.22.31.30589.

[6] S.R. Partridge, V. Di Pilato, Y. Doi, M. Feldgarden, D.H. Haft, W. Klimke, S. Kumar- 
Singh, J.H. Liu, S. Malhotra-Kumar, A. Prasad, G.M. Rossolini, S. Schwarz, J. Shen, 
T. Walsh, Y. Wang, B.B. Xavier, Proposal for assignment of allele numbers for 
mobile colistin resistance (mcr) genes, J. Antimicrob. Chemother. 73 (2018) 
2625–2630, https://doi.org/10.1093/jac/dky262.

[7] J.W.P. Teo, M. Kalisvar, I. Venkatachalam, O.T. Ng, R.T.P. Lin, S. Octavia, Mcr-3 
and mcr-4 variants in Carbapenemase-producing clinical Enterobacteriaceae do not 
confer phenotypic Polymyxin resistance, J. Clin. Microbiol. 56 (2018), https://doi. 
org/10.1128/JCM.01562-17.

[8] Y. Snyman, S. Reuter, A.C. Whitelaw, L. Stein, M.R.B. Maloba, M. Newton-Foot, 
Characterisation of mcr-4.3 in a colistin-resistant Acinetobacter nosocomialis 
clinical isolate from Cape Town, South Africa, J. Glob. Antimicrob. Resist. 25 
(2021) 102–106, https://doi.org/10.1016/j.jgar.2021.03.002.

[9] I. Bitar, M. Medvecky, T. Gelbicova, V. Jakubu, J. Hrabak, H. Zemlickova, 
R. Karpiskova, M. Dolejska, Complete nucleotide sequences of mcr-4.3-carrying 
plasmids in Acinetobacter baumannii sequence type 345 of human and food origin Ta

bl
e 

1 
A

 ta
bl

e 
of

 S
N

P 
di

ffe
re

nc
es

, b
as

ed
 o

n 
co

re
 g

en
om

e 
al

ig
nm

en
t, 

be
tw

ee
n 

th
e 

11
 A

ci
ne

to
ba

ct
er

 n
os

oc
om

ia
lis

 s
tr

ai
ns

 c
ar

ry
in

g 
m

cr
-4

.3
 d

ow
nl

oa
de

d 
fr

om
 th

e 
N

CB
I d

at
ab

as
e 

an
d 

st
ra

in
 N

B1
48

 fr
om

 th
is

 s
tu

dy
.

sn
p-

di
st

s
G

CA
_0

00
80

29
05

.1
G

CA
_0

14
84

01
95

.1
G

CA
_0

20
11

31
75

.1
G

CA
_0

28
75

16
65

.1
G

CA
_0

51
54

71
85

.1
G

CA
_0

51
54

72
05

.1
G

CA
_0

51
54

72
25

.1
G

CA
_0

51
54

72
45

.1
G

CA
_0

51
54

73
05

.1
G

CA
_0

51
54

74
45

.1
G

CA
_0

51
54

74
85

.1
N

B1
48

hy

G
CA

_0
00

80
29

05
.1

0
20

18
20

89
21

80
69

55
,7

20
13

8
20

20
79

20
94

13
7

16
52

G
CA

_0
14

84
01

95
.1

20
18

0
14

5
43

1
20

81
56

,3
07

21
25

40
20

91
15

0
21

24
27

57
G

CA
_0

20
11

31
75

.1
20

89
14

5
0

50
6

21
52

56
,2

35
21

96
14

7
21

62
19

7
21

95
28

28
G

CA
_0

28
75

16
65

.1
21

80
43

1
50

6
0

22
38

52
,5

74
22

86
43

6
22

49
44

1
22

85
27

61
G

CA
_0

51
54

71
85

.1
69

20
81

21
52

22
38

0
55

,9
39

13
2

20
83

12
21

56
13

1
17

14
G

CA
_0

51
54

72
05

.1
55

,7
20

56
,3

07
56

,2
35

52
,5

74
55

,9
39

0
56

,0
07

56
,2

86
55

,9
76

56
,1

36
55

,9
27

56
,4

44
G

CA
_0

51
54

72
25

.1
13

8
21

25
21

96
22

86
13

2
56

,0
07

0
21

27
14

2
22

00
1

17
58

G
CA

_0
51

54
72

45
.1

20
20

40
14

7
43

6
20

83
56

,2
86

21
27

0
20

93
15

1
21

26
27

58
G

CA
_0

51
54

73
05

.1
79

20
91

21
62

22
49

12
55

,9
76

14
2

20
93

0
21

66
14

1
17

24
G

CA
_0

51
54

74
45

.1
20

94
15

0
19

7
44

1
21

56
56

,1
36

22
00

15
1

21
66

0
21

99
27

79
G

CA
_0

51
54

74
85

.1
13

7
21

24
21

95
22

85
13

1
55

,9
27

1
21

26
14

1
21

99
0

17
57

N
B1

48
hy

16
52

27
57

28
28

27
61

17
14

56
,4

44
17

58
27

58
17

24
27

79
17

57
0

Table 2 
Antimicrobial drug susceptibility profiles of L3859.

Antibiotic MIC (mg/l) / antimicrobial susceptibility

Piperacillin/Tazobactam >128/4//R
Ceftazidime 4/S
Cefotaxime 8/S
Imipenem 0.5/S
Meropenem 0.25/S
Amikacin 4/S
Gentamicin 2/S
Ciprofloxacin 0.25/S
Levofloxacin 0.125/S
Trimethoprim/Sulfamethoxazole 0.125/2.375/S
Polymixin B 8/R

S, susceptible; R, resistont.
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