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Aeromonas veronii is a Gram-negative species ubiquitous in different aquatic
environments and capable of causing a variety of diseases to a broad host range.
Aeromonas species have the capability to carry and acquire antimicrobial resistance
(AMR) elements, and currently multi-drug resistant (MDR) Aeromonas isolates are
commonly found across the world. A. veronii strain MS-17-88 is a MDR strain isolated
from catfish in the southeastern United States. The present study was undertaken to
uncover the mechanism of resistance in MDR A. veronii strain MS-17-88 through the
detection of genomic features. To achieve this, genomic DNA was extracted, sequenced,
and assembled. The A. veronii strain MS-17-88 genome comprised 5,178,226-bp with
58.6% G+C, and it encoded several AMR elements, including imiS, ampS, mcr-7.1, mcr-
3, catB2, catB7, catB1, floR, vat(F), tet(34), tet(35), tet(E), dfrA3, and tetR. The phylogeny
and resistance profile of a large collection of A. veronii strains, including MS-17-88, were
evaluated. Phylogenetic analysis showed a close relationship between MS-17-88 and
strain Aeb isolated from fish in China and ARBS strain isolated from pond water in Japan,
indicating a common ancestor of these strains. Analysis of phage elements revealed 58
intact, 63 incomplete, and 15 questionable phage elements among the 53 A. veronii
genomes. The average phage element number is 2.56 per genome, and strain MS-17-
88 is one of two strains having the maximum number of identified prophage elements
(6 elements each). The profile of resistance against various antibiotics across the 53
A. veronii genomes revealed the presence of tet(34), mcr-7.1, mer-3, and dffA3 in all
genomes (100%). By comparison, su/T and sul2 were detected in 7.5% and 1.8% of A.
veronii genomes. Nearly 77% of strains carried tet(E), and 7.5% of strains carried floR.
This result suggested a low abundance and prevalence of sulfonamide and florfenicol
resistance genes compared with tetracycline resistance among A. veronii strains. Overall,
the present study provides insights into the resistance patterns among 53 A. veronii
genomes, which can inform therapeutic options for fish affected by A. veronii.
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FIGURE 3 | Comparative circular map of the A. veronii MS-17-88 genome. Phage regions are highlighted with red color: phage region-1 encodes 41 proteins
(81.8Kb), phage region-2 encodes 12 proteins (12.6 Kb), phage region-3 encodes 39 proteins (37.7 Kb), phage region-4 encodes 31 proteins (22.9 Kb), phage
region-5 encodes 45 proteins (48.6 Kb), and phage region-6 encodes 30 proteins (24.1 Kb).

among the 53 A. veronii strains. A. veronii MS-17-88 shared a
common AMR gene composition with the other A. veronii
genomes. Figure 6 shows the distribution of antibiotic
resistance genes in each strain. All the A. veronii genomes
carry tetracycline [tef(34) and tet(E)], and trimethoprim
(dfrA3) resistance genes. Oxytetracycline, tetracycline, and
trimethoprim/sulfamethoxazole have been extensively used
in human clinical, veterinary, and agricultural sectors for
decades. The linkage between AM use and resistance has been
demonstrated for other bacteria in aquaculture ecosystems
and other animal husbandry facilities (Verner-Jeffreys et al,

2009; Lagana et al., 2011; Tamminen et al., 2011). In addition
to tet(34), tet(E), and dfrA3, A. veronii MS-17-88 genome
carries colistin resistance genes (mcr-7.1 and mcr-3). There have
been an increasing number of reports on the identification of
mcr genes in many bacterial species globally (Stoesser et al.,
2016; Elbediwi et al, 2019). A recent study reported that
mcr-3 variants are more common in Aeromonas than in other
bacterial species but aeromonads do not inherently carry the
mcr-3 gene (Shen et al.,, 2018). However, it is speculated that
Aeromonas isolates from the aquatic environment may be the
major reservoir for the dissemination of mcr-3 genes to other
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FIGURE 5 | Type of prophage elements present in the A. veronii genomes. Red color represents presence of the gene.

bacteria (Ling et al., 2017; Eichhorn et al., 2018). Furthermore,
A. veronii MS-17-88 genome harbors a macrolide resistance
gene vat(F) that encodes an acetyltransferase that acetylates class
A streptogramins (Seoane and Garcia Lobo, 2000). Six genes
encoding resistance to -lactamases were identified in A. veronii
MS-17-88 genome including ampH and blaOXA-427 belong to
class D beta-lactamase, ampS encoding a class 2d penicillinase
and hydrolyzing mainly penicillins (Walsh et al., 1995), and
cphA2, cphA8, and imiS encoding a class 3 metallo-p-lactamase
and active mainly against carbapenems (Walsh et al., 1998).
Among the 53 A. veronii strains, AVNIHI strain had
resistance genes to almost all the antibiotic classes. This clinical

strain was isolated from human stool, and the genome exhibits
clear evidence of horizontal gene transfer (Hughes et al,
2016). In our analyses, we did not observe any pattern of
antimicrobial resistance in specific bacterial host or sources.
However, there was one exception: the highest number of
AMR elements were observed in two human isolates (strain
AVNIH from U.S.A; (Hughes et al,, 2016) and ZJ12-3 from
China; Shen et al., 2018), and one isolate from septicemic
goldfish (strain Ae52 from Sri-Lanka; Jagoda et al, 2017).
The use of antimicrobial agents in human medicine may
be associated with these nosocomial trends (Hughes et al,
2016).
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FIGURE 6 | AMR genes distribution across the 53 A. veronii genomes. Blue color represents presence of the gene.

In regard to sulphonamide resistance, sull was detected in
four strains (Ae52, ANIH1, Z2-7, and ZJ12-3) representing 7.5%
of the A. veronii strains, and sul2 was present in one strain (Z2-
7) representing 1.8%. This suggests that sull is the most frequent
gene encoding sulfonamides resistance in A. veronii. Nearly all
strains (100%) carried tet(34), and a significant proportion of
strains carried tet(E) (20 strains; 37%). In contrast, tet(57) and
tet(D) were detected in only one strain (ANIHI1) (1.8%), and
tet(A) was detected in two strains (Ae52 and ZJ12-3) (3.8%). floR
gene conferring resistance to florfenicol and chloramphenicol

was present in only four strains (MS-17-88, AVNIHI1, Z2-7,
and ZJ12-3) (7.5%). The prevalence of beta-lactam resistance
genes in the 53 A. veronii genomes was as follows: ampH was
detected in 41.5% of the strains, ampS was detected in 92.4%
of the strains, imiH was detected in 13.2% of the strains, imiS
was detected in 71.7% of the strains, blaCEPH-A3 was detected
in 56.6% of the strains, blaOXA-427 was detected in 45.3% of
the strains, cphAl was detected in 17% of the strains, cphA2
was detected in 26.41% of the strains, cphA6 was detected
in 13.2% of the strains, cphA7 was detected in 20.7% of the
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strains, and cphA8 was detected in 44% of the strains. Of
the aminoglycoside resistance genes, aac(6')-Ic was the most
prevalent (32%). Interestingly, A. veronii AVNIHI1 and Ae52
strains carried multiple aminoglycoside-resistance genes. Several
studies reported that the majority of Aeromonas species exhibit
only a single aminoglycoside modifying gene (Dahanayake et al.,
2019). However, Pseudomonas aeruginosa isolated from hospitals
from Iran was reported to carry up to four aminoglycoside
resistance genes (Perez-Vazquez et al., 2009).

In conclusion, we used genome sequencing to investigate
genetic variation and AMR gene distribution in 53 A. veronii
genomes. We found significant genetic differences and a high
degree of genomic plasticity in the evaluated A. veronii genomes.
Overall, the AMR gene frequency against sulfamethoxazole and
florfenicol is low, while AMR genes against tetracycline are
very high. Among tetracycline-resistant isolates, tet(34) and
tet(E) were the most frequent AMR genes. Taken together, our
results show that AMR genes are common and are distributed
among A. veronii genomes; however, the frequency of most
AMR genes in individual strains is still low. Identified phage
elements may be useful for future development of an efficient
and effective bio-treatment method to control bacterial diseases
in aquaculture. The knowledge generated from this study can
benefit our understanding of A. veronii evolution and provide
insight into how A. veronii isolates are intrinsically resistant
to multiple antimicrobials. In addition, A. veronii species are
important considerations as potential sources for resistance
determinants in the environment. Therefore, it is important to
continue surveillance of resistance and genetic mechanisms of
resistance in this species.
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