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Abstract: Aeromonas species are enteropathogens that cause gastroenteritis with a unique
three-peak infection pattern related to patient age. The contributions of individual
Aeromonas species to age-related infections remain unknown. Multi-locus sequence typing
(MLST) was performed to determine the species of Aeromonas strains from Australian
patients with gastroenteritis. Public database searches were conducted to collect strains of
enteric Aeromonas species, identified by either MLST or whole genome sequencing with
known patient age. Violin plot analysis was performed to assess Aeromonas infection distri-
bution across patients of different ages. Generalized additive model (GAM) analysis was
employed to investigate the relationship between Aeromonas species and patient age. A
total of 266 strains of seven Aeromonas species met the selection criteria, which were used for
analyses. The violin plots revealed distinct patterns among individual Aeromonas species
in relation to patient age. The GAM analyses identified a significant association between
Aeromonas species and patient age (p = 0.009). Aeromonas veronii (153 strains) showed the
highest probability of infection in most ages, particularly among young adults. Aeromonas
caviae (59 strains) is more common in young children and adults over 60 years of age.
The probability of infection for Aeromonas hydrophila (34 strains) and Aeromonas dhakensis
(9 strains) was generally low, there was a slight increase in individuals aged 50–60 for A.
hydrophila and over 60 years for A. dhakensis. These findings provide novel evidence of the
varied contributions of different Aeromonas species to human enteric infections related to
patient age, offering valuable insights for epidemiology and clinical management.

Keywords: Aeromonas; gastroenteritis; Aeromonas veronii; Aeromonas caviae; Aeromonas
hydrophila; Aeromonas dhakensis

1. Introduction
Aeromonas species are facultative anaerobic, Gram-negative, rod-shaped bacteria that

are commonly found in aquatic environments, including freshwater and seawater. These

Pathogens 2025, 14, 120 https://doi.org/10.3390/pathogens14020120

https://doi.org/10.3390/pathogens14020120
https://doi.org/10.3390/pathogens14020120
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0003-1325-669X
https://orcid.org/0009-0006-2544-251X
https://orcid.org/0009-0004-0489-1063
https://orcid.org/0000-0001-9705-4010
https://doi.org/10.3390/pathogens14020120
https://www.mdpi.com/article/10.3390/pathogens14020120?type=check_update&version=1


Pathogens 2025, 14, 120 2 of 11

bacteria are significant pathogens in aquatic animals, such as fish [1]. Some Aeromonas
species are also important human pathogens, contributing to an increasing burden of
infectious diseases globally. Aeromonas species have been reported to cause a broad range
of human infections in both immunocompetent and immunocompromised individuals,
including infections in the gastrointestinal tract, wounds, soft tissues, bloodstream, and
various other extra-intestinal illnesses.

While over 10 Aeromonas species have been recognized as human pathogens, more
than 90% of human Aeromonas infections are caused by 4 primary species: Aeromonas caviae,
Aeromonas veronii, Aeromonas dhakensis, and Aeromonas hydrophila [2]. There is growing
evidence suggesting that different Aeromonas species may exhibit variability in clinical
manifestations, with some species causing relatively milder, self-limiting disease, while
others result in severe systemic or extra-intestinal infections [2–7]. For example, previous
research has highlighted that monomicrobial A. dhakensis bacteremia is an independent
risk factor for mortality [8,9]. This diversity is also reflected in the expression of virulence
factors and antimicrobial resistance profiles, which vary significantly between species and
even between strains within the same species, suggesting different pathogenic potentials
and clinical outcomes [8–14].

Biochemical tests and matrix-assisted laser desorption ionization–time-of-flight
(MALDI-TOF) mass spectrometry are commonly used by diagnostic laboratories to identify
Aeromonas. While these methods can reliably identify Aeromonas at the genus level, they are
unable to accurately identify Aeromonas to species level [15–18]. In recent years, molecular
techniques such as multi-locus sequence typing (MLST), which targets multiple housekeep-
ing genes, and whole genome sequencing have been used by research groups for precise
Aeromonas species identification.

Among the different types of human infections caused by Aeromonas species, gastroin-
testinal infections are the most common [1,19]. A recent study has shown that Aeromonas
species were the second most frequently isolated bacterial enteropathogens in Australian
patients with gastroenteritis [20]. Epidemiological data also showed that Aeromonas gas-
trointestinal infections exhibit distinct age-related patterns, with infection peaks occurring
in young children, young adults, and individuals over 50 years old [20]. These age-related
trends highlight the potential differences in host susceptibility and clinical presentation of
infection in different age groups. For example, Aeromonas species are the most common
bacterial gastroenteric pathogen in children younger than 18 months [20]. However, while
age-related infection peaks have been well documented, the contribution of individual
Aeromonas species to these age-related infections remains unclear.

The aim of this study is to investigate the association between different Aeromonas
species and patient age in human gastrointestinal infections. Understanding whether
specific Aeromonas species are linked to age-related patterns of gastrointestinal infections is
both epidemiologically and clinically relevant.

2. Materials and Methods
2.1. Preparation of Aeromonas Strains for Analysis

Australian strains: 39 Aeromonas isolates, isolated from the fecal samples of patients
with gastroenteritis, were defined to species level in this study. These Aeromonas isolates
were provided by Douglass Hanly Moir (DHM) pathology. An additional 53 Australian
Aeromonas enteric isolates, isolated from patients with gastroenteritis, which were defined
to species level in our previous studies were also included in the analysis [12,21–23].

DNA was extracted from each of the 39 Aeromonas isolates using the Qiagen© DNA
Extraction and Purification Kit and subjected to whole genome sequencing using the
Illumina MiSeq Personal Sequencer at the Helicobacter Research Laboratory, University
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of Western Australia. For Aeromonas species identification using the MLST method, the
nucleotide sequence of seven housekeeping genes, namely, gyrB, rpoD, gyrA, recA, dnaJ,
dnaX, and atpD, were extracted from the genome sequences and used for comparison with
those from known Aeromonas species in the National Center for Biotechnology Informa-
tion (NCBI) database for Aeromonas species identification, as previously described [21].
The sequences of housekeeping genes of these strains have been submitted to Gen-
bank under the following accession numbers: PQ537383-PQ537413, PQ537414-PQ537444,
PQ537445-PQ537475, PQ537476-PQ537506, PQ537507-PQ537537, PQ537538-PQ537568,
PQ537569-PQ537599, PQ537600-PQ537606, PQ537607-PQ537613, PQ537614-PQ537620,
PQ537621-PQ537627, PQ537628-PQ537634, PQ537635-PQ537641, PQ537642-PQ537648,
and PQ622943-PQ622949.

Strains in public databases: Searches for the enteric strains of Aeromonas species iso-
lated from patients with gastroenteritis were performed, as described in Figure 1. Aeromonas
genomes in the NCBI genome database and the Sequence Read Archive (SRA) were man-
ually checked for strains that satisfied the selection criteria. All Aeromonas strains in the
PubMLST database were also checked.
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Figure 1. Flowchart of Aeromonas strain collection. A total of 266 strains were included for analysis;
these were retrieved from the PubMLST database, NCBI genome database, and NCBI SRA database,
or were sequenced in this study.

The selection criteria required that Aeromonas strains be isolated from the fecal samples
of patients with gastroenteritis, that the sample’s country of origin and the patient’s age
be specified, and that the strain be identified to a species level using either whole genome
sequencing or MLST typing. These molecular methods accurately define Aeromonas to the
species level [1].

2.2. Visualization of the Distribution of Aeromonas Species Among Patients of Different Ages

The age distribution of strains of Aeromonas species that satisfied the selection criteria
were visualized with violin plots, generated using the ggplot2 package in R (version R4.4.1).
In this analysis, Aeromonas species with five strains or fewer were grouped together as
“Rare Species”, while those with more than five strains were analyzed as individual groups.
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2.3. Generalized Additive Model Analysis

Multinomial generalized additive model (GAM) analysis was conducted using R, with
the mgcv package (version 1.9-1) [24,25].

The model aims to predict the proportion of infections by each Aeromonas species
among patients of varying ages, within different countries, who are infected with Aeromonas.
The response variable was the Aeromonas species of gastrointestinal infection, with the pre-
dictor variables of patient age (a continuous effect) and the country of origin (a categorical
effect). A logit-link function was used, and thin plate splines were used to smooth the effect
of age.

To assess whether age affected the Aeromonas species implicated in infection, a likeli-
hood ratio test was conducted, comparing model likelihoods with and without age data. A
p-value of <0.05 was considered significant.

2.4. Examination of the Presence of Aerolysin (aerA) and Thermostable Cytotonic Enterotoxin
(ast) Genes

In our previous study, we found that aerolysin and Ast toxins were absent in A. caviae
strains isolated from patients with gastroenteritis [12]. In the study, we further examined the
presence of the aerA and ast genes in 92 Australian isolates for which the genomes were avail-
able. The presence of aerA and ast genes was examined using BLASTn [26]. Query sequences
of the aerA and ast genes were obtained from A. veronii and A. hydrophila, respectively.

3. Results
3.1. Aeromonas Strains Used in This Study

A total of 266 Aeromonas strains met the selection criteria for inclusion in this study,
including 92 Australian Aeromonas strains, of which 39 were identified to the species level
in this study, and 174 strains from China were obtained from public databases (Table 1 and
Figure 1). Four strains from the USA and two strains from Tanzania also met the selection
criteria; however, the sample sizes from these two countries were too small and, therefore,
were not included in the analysis. Additional details on the strains used in this study are
provided in Supplementary Table S1.

Table 1. Aeromonas strains used for analysis in this study.

Country Number of Strains (n)

Australia

A. caviae 25

92

A. dhakensis 6

A. hydrophila 12

A. veronii 45

A. allosaccharophila 1

A. media 1

A. rivipollensis 2

China

A. caviae 34

174

A. dhakensis 3

A. hydrophila 21

A. veronii 108

A. media 1

A. rivipollensis 2

A. trota 5
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3.2. Distribution of Aeromonas Species Among Patients of Different Ages with Gastroenteritis

A violin plot was created to visualize the distribution of patient age with respect
to the different Aeromonas species isolated from patients with gastrointestinal infections
(Figure 2). The frequency of infections varied among the Aeromonas species with respect to
patient age. Different Aeromonas species exhibited distinct age distribution patterns, none
of which followed a linear distribution. Given this finding, a GAM model was chosen for
further analysis.
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Figure 2. Violin plot analysis of Aeromonas species in patients of different ages. The width of the plots
at any given point depicts the frequency of infections at that specific age. A total of 266 Aeromonas
strains from patients with gastrointestinal infections were included for analysis, including A. caviae
(59 strains), A. dhakensis (9 strains), A. hydrophila (33 strains), and A. veronii (153 strains), along with
a Rare Species group containing 5 A. trota strains, 4 A. rivipollensis strains, 2 A. media strains, and
1 A. allosaccharophila strain. The 266 strains were from Australia (92 strains) and China (174 strains).

3.3. GAM Analyses

The likelihood ratio tests showed a significant association between patient age and the
Aeromonas species of infection (p = 0.009) (Figure 3).

A. veronii was the most prevalent species across most patient age groups, with the
exception of young children (Figure 3). In young adults around 25 years old, the estimated
proportion of infections that were A. veronii was 70% in Chinese patients and approximately
55% in Australian patients, while the proportion of infections caused by all other species
was 20% or below. Although A. veronii remained the dominant infective species, the
proportion of A. veronii infections declined in individuals aged 50 years old and above,
likely due to an increase in infections caused by other Aeromonas species (Figure 3).

Among young children, the most common infection was A. caviae, accounting for close
to 60% of infections among Australian patients and 40% of infections in Chinese patients
(Figure 3). As a proportion of all infections, A. caviae decreased as the children grew older,
reaching its lowest point in young adults, where the estimated proportion was below 20%.
However, the proportion of infections due to A. caviae infection began to increase again in
individuals who were 50 years old or above, although it did not reach the level observed in
young children (Figure 3).
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Figure 3. Generalized additive modeling analysis of Aeromonas species in response to patient age in
gastrointestinal infections within specific countries. The analysis revealed a significant association
between patient age and infection due to Aeromonas species (p = 0.009). A total of 266 Aeromonas
strains from patients with gastrointestinal infections were included for analysis, including A. caviae
(59 strains), A. dhakensis (9 strains), A. hydrophila (33 strains), and A. veronii (153 strains), along with a
Rare Species group containing 5 A. trota strains, 4 A. rivipollensis strains, 2 A. media strains, and 1 A.
allosaccharophila strain. The 266 strains were from Australia (92 strains) and China (174 strains).

The overall proportion of infections due to A. hydrophila and A. dhakensis was low.
However, there was a slight increase in the probability of A. hydrophila infection in individ-
uals who were 50–60 years old and a slight increase in the probability of A. dhakensis in
individuals who were 60 years old and above (Figure 3).

3.4. The Presence of aerA and ast Genes in Different Aeromonas Species

The presence of aerA and ast genes was examined in 92 strains, collected from patients
with gastroenteritis in Australia, for which the genomes are available (Table 2 and Supple-
mentary Table S1). These two genes were both absent in the A. caviae strains. The aerA gene
was present in all A. dhakensis strains (6/6), half of the A. hydrophila strains (6/12), and all
the A. veronii strains examined (45/45), while the ast gene was absent in the A. dhakensis
and A. veronii strains but present in almost all A. hydrophila strains examined (11/12).

Table 2. The presence of aerA and ast genes in different Aeromonas species.

Species aerA ast

A. caviae (n = 25) 0 0

A. dhakensis (n = 6) 6 0

A. hydrophila (n = 12) 6 11

A. veronii (n = 45) 45 0

A. allosaccharophila (n = 1) 0 0

A. media (n = 1) 0 0

A. rivipollensis (n = 2) 1 0
The presence of aerA and ast genes in 92 Aeromonas strains isolated from patients with gastroenteritis in Australia
was examined. The query sequences of the aerA and ast genes used for BLASTn were obtained from A. veronii and
A. hydrophila, respectively. n = the total number of strains for each Aeromonas species. aerA and ast genes encode
for aerolysin and thermostable cytotonic enterotoxin, respectively.
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4. Discussion
Aeromonas species are common and significant contributors to gastroenteritis in the

Australian population, with infections being more prevalent in young children, young
adults, and individuals over 50 years old [13]. Aeromonas enteric infections have also
been reported worldwide, with multiple Aeromonas species being implicated in human
gastrointestinal illness. In this study, we have analyzed the impact of various Aeromonas
species on enteric infections across different age groups of patients.

Biochemical tests, either alone or coupled with MALDI-TOF technology, have been
used to identify Aeromonas in diagnostic laboratories. However, these methods are unable
to accurately identify Aeromonas to the species level [15–17]. Molecular methods, such as
whole genome sequencing and MLST, based on multiple housekeeping genes can accurately
identify Aeromonas species [17]. Some earlier studies reported A. hydrophila as the most
frequently isolated species found in patients with gastroenteritis [27,28]. However, more
recent studies employing molecular methods to identify Aeromonas species have shown
that A. veronii and A. caviae are responsible for the majority of Aeromonas gastrointestinal
infections [20,21]. Currently, molecular species typing is not a routine practice in diagnostic
laboratories for the identification of Aeromonas species, due to its labor-intensive nature.
Future studies are needed to improve the MALDI-TOF technology or to develop streamed
molecular methods that enable diagnostic laboratories to accurately diagnose Aeromonas
isolates at the species level.

Accurate identification of Aeromonas species is crucial for our study. All Australian
Aeromonas strains used in this study were determined to the species level by MLST using
seven housekeeping genes, which were extracted from sequenced whole bacterial genomes.
For the strains obtained from the public databases, only those species defined by MLST or
whole genome sequencing for which the patient’s age was known were included. Strains
that met these criteria for being included in our study were from Australia and China
(Table 1 and Supplementary Table S1).

A violin plot analysis revealed differences in patient age distribution across infections
caused by different Aeromonas species and the relationship between age and the infecting
species is non-linear (Figure 2). This initial observation prompted further analysis using
a multinomial GAM, a statistical method suitable for analyzing non-linear trends, to
determine whether specific Aeromonas species are associated with age in patients with
Aeromonas-associated gastroenteritis. GAM analysis revealed a significant association
between Aeromonas species and patient age (Figure 3).

In infected young children, A. caviae infections were most common, although this was
not the case in young adults (Figure 3). Consistent with our findings, a recent study from
Pakistan using whole genome sequencing to identify species found A. caviae to be the most
prevalent species among Aeromonas pediatric gastrointestinal infections, accounting for 64%
of 447 infections among children aged 0–5 years [29]. Their results, along with our own,
suggest that A. caviae acts as an opportunistic pathogen, primarily infecting people with a
weakened immune system such as young children. We also found an increased probability
of A. caviae infection in individuals over 50 years old, further supporting this view. Unlike
other Aeromonas species associated with human diarrheal disease, A. caviae lacks several key
virulence factors, including aerolysin and the thermostable cytotonic enterotoxin Ast [12].
In this study, we further examined the presence of these two genes in different Aeromonas
species isolated from patients with gastroenteritis and confirmed that these two genes are
absent in A. caviae strains (Table 2 and Supplementary Table S1). As a result, the individual’s
immune system likely plays a crucial role in determining the clinical outcomes of A. caviae
gastrointestinal infection, whether symptomatic or asymptomatic. Some previous studies
have reported a higher prevalence of Aeromonas species in the fecal samples of healthy
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individuals compared with those with diarrhea [30]. However, these studies did not
specify which Aeromonas species were present in these healthy individuals. Our findings
suggest that future epidemiological studies on Aeromonas gastrointestinal infections should
accurately identify Aeromonas isolates to the species level using appropriate molecular
methods and correlate the specific species with patient age. We previously reported
a peak in Aeromonas enteric infection in children under 2 years old in the Australian
population [20]. Our current study suggests that A. caviae is a major contributor to this peak.
Our previous study also revealed that there was a sharp rise in Aeromonas gastrointestinal
infection in Australian children aged 6–12 months, as detected by real-time quantitative
PCR [20]. This increased incidence of Aeromonas gastrointestinal infection continued to
be observed until the children reached their second year [20]. Isolation of the specific
infection sources contributing to the high Aeromonas gastrointestinal infection rate in this
age group is essential. Such information would be invaluable for developing targeted
strategies to reduce the incidence of these infections and improve public health outcomes
for young children.

A. veronii revealed a predominant probability of infection in patients of most age
groups except for young children (Figure 3). Our findings showed that A. veronii was
the dominant species contributing to Aeromonas gastrointestinal infections in most age
groups, particularly young adults, suggesting that A. veronii is a true enteric pathogen.
A. veronii possesses multiple virulence genes, including those that are absent in A. caviae,
and have been reported to cause severe gastrointestinal infections more frequently, further
supporting its role as a true human enteric pathogen [12,22]. We previously identified a
small Aeromonas enteric infection peak in young adults of 20–29 years old in the Australian
population [13]. Our current study suggests that A. veronii is the primary contributor to
this infection peak.

The likelihood of gastrointestinal infections caused by A. hydrophila and A. dhakensis
was lower compared to A. veronii and A. caviae (Figure 3). A slight increase in A. hydrophila
related to gastrointestinal infections was observed in patients aged 50–60 years in both
the Australian and Chinese cohorts, which was potentially due to increased exposure. A.
dhakensis infection showed an increase in individuals over 60 years old, although rates
in the Chinese data were low overall. We previously reported a continuous increase in
Aeromonas gastrointestinal infections among individuals over 50 years old; our current
findings further highlight that in addition to A. veronii, other species such as A. caviae,
A. hydrophila, and A. dhakensis also contributed to the growing incidence of infections in
older populations.

In addition to gastrointestinal infections, Aeromonas species may cause other human
infections such as wound infections and bloodstream infections [31–33]. Aeromonas-induced
bloodstream infections more often occur in individuals over 60 years old, with approx-
imately 39.1–66.8% of cases being associated with gastrointestinal infections [31,32]. In
addition to older age, other risk factors associated with Aeromonas bloodstream infections
have also been identified, such as malignancy and liver cirrhosis [31,32]. The 30-day mor-
tality of Aeromonas-induced bloodstream infections has been reported to range from 19% to
28.8% [32,34]. Given that Aeromonas gastrointestinal infections are more likely to lead to
bloodstream infections in older individuals, and that different Aeromonas species vary in
their pathogenicity, it is crucial for diagnostic laboratories to identify enteric Aeromonas iso-
lates to the species level, particularly in older individuals. This will ensure the application
of appropriate treatment to prevent the progression of Aeromonas-related gastrointestinal
infections into systemic infections.

In clinical practice, antibiotic therapy is not routinely applied, and the need for antibi-
otics when treating patients with Aeromonas-induced gastrointestinal infections is deter-
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mined by clinicians, based on the severity of infection and the patient’s clinical condition.
Treatment using ciprofloxacin and trimethoprim-sulfamethoxazole has previously been
reported [35,36]. However, since Aeromonas isolates from fecal samples are not routinely
tested for antibiotic susceptibility in many diagnostic laboratories, it is not clear whether
the different Aeromonas species isolated from human gastrointestinal infections differ in
their antibiotic resistance. Furthermore, controlled clinical trials are lacking. Consequently,
the optimal antibiotic treatment regimen for such infections has not been defined.

In summary, this study is the first to report a significant relationship between the
Aeromonas species implicated in gastrointestinal infections and patient age. Among infected
young children, A. caviae was most common, while A. veronii species caused most of the
infections in adults. Among patients over 50 years old, A. veronii remained the dominant
causative species, while infections from other species such as A. caviae, A. hydrophila, and A.
dhakensis increased as a proportion of total infections. The novel findings from our study
offer valuable insights for epidemiology and clinical management. Whether Aeromonas
enteric infections have a similar pattern in other countries warrants further investigation.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/pathogens14020120/s1, Table S1: List of Aeromonas isolates used
in our analyses.

Author Contributions: A.S. conducted the analysis. F.L. performed the presence analysis of virulence
genes. C.Y. helped with analysis and prepared the Aeromonas strains. M.C.W. organized the provision
of Aeromonas strains. E.S. provided guidance in statistical analysis and data visualization, verified the
results, and critically revised the manuscript. A.S., F.L., A.M.Y. and S.K.T.C. prepared the bacterial
DNA for sequencing. A.C.Y.T. sequenced the bacterial genomes. S.M.R. conceived the project,
together with L.Z. L.Z. organized and supervised the project. A.S. and L.Z. played a major role in
manuscript writing. F.L. helped with manuscript writing. All authors have read and agreed to the
published version of the manuscript.

Funding: This work is supported by the University of New South Wales Faculty Research Grant
(Grant No. PS46772) and the State Government Grant (Grant No. RG152309) awarded to L.Z.

Institutional Review Board Statement: The use of bacterial detection data provided by DHM for
this retrospective study, which did not involve patient consent, was approved by the University of
New South Wales HREAP Executive (HC200755).

Informed Consent Statement: Not applicable.

Data Availability Statement: The accession numbers of the housekeeping genes and virulence genes
are stated in the article and Supplementary Table S1.

Conflicts of Interest: Dr Michael C. Wehrhahn was employed by the Douglass Hanly Moir Pathology,
a pathology service within the company Sonic Healthcare. The remaining authors declare that the
research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References
1. Pessoa, R.B.G.; Oliveira, W.F.D.; Correia, M.T.D.S.; Fontes, A.; Coelho, L.C.B.B. Aeromonas and human health disorders: Clinical

approaches. Front. Microbiol. 2022, 13, 868890. [CrossRef] [PubMed]
2. Fernández-Bravo, A.; Figueras, M.J. An update on the genus Aeromonas: Taxonomy, epidemiology, and pathogenicity. Microorgan-

isms 2020, 8, 129. [CrossRef]
3. Janda, J.M.; Abbott, S.L. The genus Aeromonas: Taxonomy, pathogenicity, and infection. Clin. Microbiol. Rev. 2010, 23, 35–73.

[CrossRef] [PubMed]
4. Vila, J.; Ruiz, J.; Gallardo, F.; Vargas, M.; Soler, L.; Figueras, M.J.; Gascon, J. Aeromonas spp. and traveler’s diarrhea: Clinical

features and antimicrobial resistance. Emerg. Infect. Dis. 2003, 9, 552. [CrossRef]

https://www.mdpi.com/article/10.3390/pathogens14020120/s1
https://www.mdpi.com/article/10.3390/pathogens14020120/s1
https://doi.org/10.3389/fmicb.2022.868890
https://www.ncbi.nlm.nih.gov/pubmed/35711774
https://doi.org/10.3390/microorganisms8010129
https://doi.org/10.1128/CMR.00039-09
https://www.ncbi.nlm.nih.gov/pubmed/20065325
https://doi.org/10.3201/eid0905.020451


Pathogens 2025, 14, 120 10 of 11

5. Hiransuthikul, N.; Tantisiriwat, W.; Lertutsahakul, K.; Vibhagool, A.; Boonma, P. Skin and soft-tissue infections among tsunami
survivors in southern Thailand. Clin. Infect. Dis. 2005, 41, e93–e96. [CrossRef]

6. Chao, C.; Lai, C.; Tang, H.; Ko, W.; Hsueh, P.-R. Skin and soft-tissue infections caused by Aeromonas species. Eur. J. Clin. Microbiol.
Infect. Dis. 2013, 32, 543–547. [CrossRef] [PubMed]

7. Devos, M.; Sainte-Rose, V.; Kallel, H.; Mayence, C.; Ouedraogo, H.; Djossou, F.; Demar, M.; Couppié, P.; Blaizot, R. Skin and
soft-tissue infections associated with Aeromonas species in French Guiana: An 11-year retrospective study. JEADV 2020, 34, e414.
[CrossRef]

8. Sinclair, H.A.; Heney, C.; Sidjabat, H.E.; George, N.M.; Bergh, H.; Anuj, S.N.; Nimmo, G.R.; Paterson, D.L. Genotypic and
phenotypic identification of Aeromonas species and CphA-mediated carbapenem resistance in Queensland, Australia. Diagn.
Microbiol. Infect. Dis. 2016, 85, 98–101. [CrossRef]

9. Sun, Y.; Zhao, Y.; Xu, W.; Fang, R.; Wu, Q.; He, H.; Xu, C.; Zhou, C.; Cao, J.; Chen, L. Taxonomy, virulence determinants and
antimicrobial susceptibility of Aeromonas spp. isolated from bacteremia in southeastern China. Antimicrob. Resist. Infect. Control
2021, 10, 43. [CrossRef] [PubMed]

10. Roh, H.; Kannimuthu, D. Comparative resistome analysis of Aeromonas species in aquaculture reveals antibiotic resistance
patterns and phylogeographic distribution. Environ. Res. 2023, 239, 117273. [CrossRef] [PubMed]

11. Rasmussen-Ivey, C.; Figueras, M.; McGarey, D.; Liles, M. Virulence factors of Aeromonas hydrophila: In the wake of reclassification.
Front. Microbiol. 2016, 7, 1337. [CrossRef] [PubMed]

12. Chong, S.K.; Liu, F.; Yuwono, C.; Tay, A.C.Y.; Wehrhahn, M.C.; Riordan, S.M.; Liu, L.; Zhang, L. Analysis of global Aeromonas
caviae genomes revealed that strains carrying T6SS are more common in human gastroenteritis than in environmental sources and
are often phylogenetically related. Microb. Genom. 2024, 10, 001258. [CrossRef] [PubMed]
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