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Editorial on the Research Topic
Molecular mechanisms of bacterial disease in cultured fishes

Aquaculture is the fastest growing food production industry in the world,
contributing nearly half of the global fish consumption. The world aquaculture recorded
a total production (land and marine) of 87.5 million tons in 2020, which is a huge
leap forward from 21.8 million tons in the 1990s (1). Aquaculture is facing diseases
of various etiologies including bacteria. Although antimicrobial treatment is permitted
under strict regulation, antimicrobial use should be refrained from in light of the
risk of inducing antimicrobial resistance. It is crucial to seek novel effective solutions
toward a healthier aquaculture practice, which requires us to have a clearer and deeper
understanding of the disease mechanisms, including the host responses. Bacterial disease
mechanisms are complicated, and vary considerably between bacteria. This Research
Topic presents the current state of knowledge in molecular mechanisms of bacterial
diseases in cultured fishes.

Bacterial communication and regulatory
mechanism

Bacteria use quorum sensing (QS) to communicate with one another via signal
molecules called autoinducers (Als), and coordinate their behaviors for survival
according to cell density. This subsequently activates QS transcriptional regulator
to control functions such as biofilm formation, motility, bioluminescence, secretion,
and virulence. These dynamically interconnected communication and regulatory
mechanisms remain to be fully elucidated. Bacteria use different QS-dependent strategies
to compete for space, including clustered regularly interspaced short palindromic repeats
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(CRISPR) and type VI secretion systems (T6SSs). While T6SSs
function primarily in competition against rival bacteria in
polymicrobial environments, they also involve in pathogenesis
of some diseases. In the study of QS and survival strategies of
Aliivibrio wodanis that co-exists with Moritella viscosa in winter
ulcer disease in Atlantic salmon, Maharajan et al. demonstrate
that cell density and temperature influence QS-related genes,
where low temperature (at which winter ulcer occurs) activates
AHL-mediated AinS/AinR system that regulates CRISPR-Cas
and T6SSs via LitR master QS regulator. The interactions
between A. wodanis and M. viscosa, and with the host is,
however, yet to be investigated.

Bacteria-parasite interaction

While
that of winter ulcer disease needs explanation, bacteria-

bacterial co-occurrence in disease such as

parasite interaction in the form of co-infection is also

a concern in aquaculture. Dinh-Hung et al. describe
co-infection of myxozoan gill parasite, Henneguya sp.
with a novel intracellular Chlamydia-like organism,

Candidatus Piscichlamydia trichopodus in snakeskin gourami
Trichopodus pectoralis. Further studies on how parasites
and bacteria co-interact with host may provide insight
Could there
be similarity with the probable remote “talk” between gill

into the molecular mechanisms of disease.

monogenean, Dactylogyrus lamellatus and host intestinal
microbiota (2)?

Bacterial persistence

Bacterial persistence is a phenomenon where very
small subpopulations of isogenic bacterial cells (persister
sudden

cells) undergo dormant cell cycle to survive

environmental insults such as antibiotic treatments.

The dormancy state confers high tolerance to multiple
but the still
identified. Here Jiang et al. report the use of

antibiotics, mechanisms involved are
not
selected amino acids and saccharides to revert Vibrio
splendidus persister cells to allow complete elimination by

tetracycline treatment.

Host immune response to bacterial
infection

The immune response mechanisms against bacterial
host tolerance and resistance
the
of Vibrio harveyi infection in Takifugu rubripes,

infection are behind the

to bacterial diseases. In transcriptomic  analysis

Gao
et al. show that nucleotide-binding and oligomerization
domain (NOD)-like and

receptor signaling pathway
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cytokine-cytokine interaction are most enriched in
spleen and gill, respectively. This study provides an
understanding  into  immune response  mechanisms

and development of disease resistance markers against
V. harveyi.

Mobile genetic elements

Virulence associated mobile genetic elements are
widespread in the aquatic environment among various
genera of bacteria e.g., Vibrio, Photobacterium damselae
and Staphylococcus aureus. There are also evidences that
Aeromonas can actively involve in transferring genetic
material with phylogenetically distant bacteria. Aeromonas
pathogenicity has been attributed to multiple virulence factors
contributing to different mechanisms of infection, including
haemolysins, proteases, elastases, lipases, enterotoxins,
phospholipases, chitinases, and deoxyribonucleases. Of these,
pore-forming toxins (encoded by aerA gene) and cytotoxic
enterotoxins (by act, alt, and ast genes) are the primary
elements of virulence in Aeromonas. In this Research Topic,
Mangar et al. examine the virulence factors of A. veronii,
as well as severity of lesions and mortality induced in
Anabas testudineus in association with aer/haem, ascV, fla,

and aspA.

T6SS transcriptional activator

In a study of virulent A. hydrophila from grass
carp Ctenopharyngodon idella, Li et al. reveal that o54-
VasH is
supports

transcriptional activator,
T6SS functionality. This
not

strictly
that
cytotoxicity,

required for
VasH protein
only contributes to bacterial anti-
host killing (resistance against host immune cleaning),
but is also of

A. hydrophila.

needed for systemic dissemination

Induction of host cell apoptosis

able to induce

to gain access

Many Dbacteria are apoptosis in

infected host cells to tissues. Alanine
dehydrogenase (ALD) is a microbial enzyme catalyzing
interconversion between alanine and pyruvate in microbial
metabolism. Chen et al. describe an ALD homolog (NsALD)
from Nocardia seriolae that causes chronic, systemic,
granulomatous disease in aquaculture. They show that
NsALD

host cells.

activates caspase-3 and triggers apoptosis in
Besides the molecular aspects highlighted in the seven
articles above, this Research Topic also incorporates one article

each on antimicrobial resistance (AMR), and advancement in
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disease detection. AMR is a global threat to animal and human
health. Antimicrobial residues resulting from aquaculture use
not only pose a food safety concern, but also trigger emergence
of multi-antimicrobial resistance in bacteria including those in
the wild species (3). Liao et al. investigate the AMR profile
and associated genes in Escherichia coli from aquaculture
farms (water, soil, sediment). They reveal the resistance
rates to 23 antimicrobials, and the detection rates of AMR
genes. Acute hepatopancreatic necrosis disease (AHPND) is
a disease that can cause high mortality in cultured penaeid
shrimp. AHPND is mainly caused by Vibrio species bearing
pVA1l plasmid that encodes pirAyp and pirByp toxins. Li
et al. describe the development of recombinase polymerase
amplification (RPA)-CRISPR/Casl2a assay for detection of
pirAyp and pirByp genes, and coupled with lateral flow
strip readout.

Concluding remarks

The
in cultured fishes are yet to be fully understood. The

molecular mechanisms of Dbacterial diseases

bacteria-host and virulence factors interaction much

remain to be elucidated. This Research Topic lays a
foundation for further investigation into the mechanisms
involved, and provides new insights into molecular
A better

molecular level will allow for effective risk monitoring for

basis of pathogenicity. understanding  at

bacterial diseases.
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