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Health &
Welfare

Aquaculture and Aeromonas
hydrophila: A complex interplay of
environmental factors and virulence

15 July 2024
By Darryl Jory, Ph.D.

Study reviews the pathogenic bacterium A. hydrophila, its
impact on aquacultured �sh and its relationship with
environmental factors

(https://www.globalseafood.org)
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A recent study (https://doi.org/10.1007/s10499-024-01535-y) conducted by Dr. Bahaa Abdella and co-
workers at Kafrelsheikh University in Egypt and published in Aquaculture International discusses the
pathogenic bacterium Aeromonas hydrophila, its impact on aquacultured �sh and its relationship with
various environmental factors.

“Our research highlights the importance of understanding how environmental conditions in�uence the
virulence of Aeromonas hydrophila in aquaculture. It involves a complex and dynamic interaction
between the bacterium and its environment. Key points provided include monitoring temperature, pH

Aquaculture faces signi�cant challenges due to bacterial pathogens
like Aeromonas hydrophila, which can severely impact production and
�sh health. Understanding the relationship between environmental
factors, host susceptibility, and bacterial virulence is crucial for
effectively managing and mitigating the risks associated with A.
hydrophila in aquaculture systems. Improved knowledge of its
virulence and interplay with environmental factors paves the way for
developing strategies to prevent and control diseases in aquaculture.
Photo of A. hydrophila colonies (growing on the blood agar; colonies
shown with re�ected light) by Stefan Walkowski (CC BY-SA 4.0
https://creativecommons.org/licenses/by-sa/4.0, via Wikimedia
Commons).

https://doi.org/10.1007/s10499-024-01535-y
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levels, and ammonia concentrations to prevent disease outbreaks. Proper management of these factors
can improve �sh health and reduce bacterial infections” stated to the Advocate Dr. Bahaa Abdella from
Kafrelsheikh University in Egypt and senior author of the study.

Among diseases (https://doi.org/10.1292/jvms.19-0025) caused by Aeromonas spp. in �sh are
hemorrhagic septicemia, ulcer disease, and motile Aeromonas septicemia. These diseases can result in
high mortality rates and high economic losses (https://doi.org/10.4194/2459-1831-v3_1_03) in
aquaculture. A. hydrophilic is the predominant disease-causing species in this bacterial genus
(https://doi.org/10.1016/j.micpath.2020.104424) in cultured freshwater �sh and other species on a
global scale. Its genetic diversity makes it di�cult to serotype or genotype the strains of A. hydrophila
due to the high complexity in terms of the type and the number of virulence genes present
(https://doi.org/10.1038/s41598-023-34887-1) in each isolate. Besides being a �sh pathogen, A.
hydrophila can also cause diseases in humans (https://doi.org/10.1128/CMR.00039-09) – such as
gastroenteritis, wound infections, and septicemia in immunocompromised individuals.

Environmental factors such as mineral availability, salinity, dissolved oxygen concentration, pH value
and temperature – as well as poor management (malnutrition, overfeeding and overcrowding) – in
hatchery facilities may cause stress to cultured animals and make them more susceptible to infections
(https://doi.org/10.1186/s12866-023-02827-8) by A. hydrophilia.

(https://link.chtbl.com/aquapod)

Moreover, A. hydrophila genomes are encoding different types of virulence factors. The expression and
regulation of these genes may vary depending on the bacterial strain, host, and environmental
conditions. It is not fully understood how environmental conditions have an effect on intrinsic bacterial
characteristics and the expression of virulence genes (https://doi.org/10.2478/s11756-020-00609-5),
so it is an open question. Thus, understanding the diversity, function, and environmental regulation of
these genes is crucial for developing effective strategies to prevent and treat A. hydrophila infections in
�sh farms.

“A. hydrophila poses signi�cant challenges to aquaculture because of its ability to thrive in diverse
environmental conditions and infect a wide range of hosts. Factors such as temperature, dissolved
oxygen, pH, ammonia, and nutrient levels in�uence the expression of virulence genes and toxin
production. Understanding these mechanisms is critical to developing strategies to control aquatic
bacterial infections and promote healthier and more sustainable aquaculture practices,” according to
Dr. Abdella.

https://doi.org/10.1292/jvms.19-0025
https://doi.org/10.4194/2459-1831-v3_1_03
https://doi.org/10.1016/j.micpath.2020.104424
https://doi.org/10.1038/s41598-023-34887-1
https://doi.org/10.1128/CMR.00039-09
https://doi.org/10.1186/s12866-023-02827-8
https://link.chtbl.com/aquapod
https://doi.org/10.2478/s11756-020-00609-5
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Physical factors in�uence the microbial growth rate, such as temperature and pH value. However, little
is known about how these factors can modify the expression of the virulence genes in the pathogenic
microbes. It is critical to understand what triggers virulence factor expression or at least the most
essential one in a speci�c pathogen.

For example, temperature-dependent expression of virulence genes in Aeromonas spp. in �sh has been
reported for some genes. However, the molecular mechanisms and regulatory pathways involved in this
process are not fully understood. Adding to that, the increase in temperature is found to be stressful to
the host, which increases the expression of certain steroids which increase the vulnerability of the �sh
for infection.

Fluctuations in temperature – and also pH – signi�cantly in�uence the metabolic activity and growth
rate of A. hydrophila, thereby modulating its virulence and overall pathogenicity. Overall, the expression
of virulence genes (https://doi.org/10.3389/fpubh.2021.692166) in Aeromonads can vary depending
on the water temperature and the host animal, and the inconsistency of the expression patterns of
many virulence factors in the same strain in response to temperature changes emphasizes the di�culty
and the need to identify the major virulence factor that is responsible for disease development in the
susceptible host.

Aeromonads are facultative anaerobes, and as all other facultative microbes, they may switch between
aerobic and anaerobic metabolism. Such switching behaviors are controlled by gene expression and
are triggered by molecular sensing of oxygen concentration. No surprise, it has developed a molecular
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mechanism for doing so through gene expression control, including virulence genes. Oxygen can
regulate virulence genes by modulating the activity of transcription factors, which are proteins that bind
to speci�c DNA sequences and control gene expression.

Overall, oxygen may be considered as a key environmental factor that in�uences the expression of
virulence genes in many bacterial strains including A. hydrophila and their ability to cause disease.
However, there has been little research into the effect of oxygen concentrations on the expression of
virulence genes in �sh infections. Fig. 1 depicts the interplay between the environment, microbes and
the host.

The formulation of �sh diets (https://doi.org/10.1038/srep35232) has a considerable impact on
microbial ecology in the aquatic environment, as well as microbial pathogenicity, interaction and
abundance, and A. hydrophila infection is associated with water with a high organic load and nutrient-
rich feed pollutes aquatic water systems. The unutilized diet contributes to an increase in aeromonads
in the pond water.

The precise formulation of the �sh feed and its utilization by �sh is very critical in controlling the
infection and suppressing the activation of virulence genes in A. hydrophila. More research is needed to
con�rm the link between various dietary components and virulence gene overexpression in A.
hydrophila. However, feeding �sh a diet high in omega-3 fatty acids can help improve the immune
system and make the �sh less susceptible to infection; this relationship is not fully understood.

The environmental regulation of virulence in A. hydrophila emerges as a complex and dynamic
interplay between the bacterium and its environment. Temperature, dissolved oxygen, pH, ammonia and
nutrient availability act as modulators, coordinating the expression of virulence genes and toxin
production. This remarkable adaptability allows A. hydrophila to thrive in diverse aquatic environments
and establish infections across a range of hosts, posing a signi�cant challenge to aquaculture.

Fig. 1: The interactive relationship between environmental factors,
microbes and the host.

https://doi.org/10.1038/srep35232
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“Unraveling the mechanisms of environmental virulence regulation presents a compelling target for
future research. By elucidating these pathways, we can pave the way for the development of targeted
interventions to mitigate A. hydrophila infections, ultimately promoting a healthier and more
sustainable aquaculture industry,” concluded the study authors.

Read the full study. (https://doi.org/10.1007/s10499-024-01535-y)
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