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Abstract

Bacterial diseases can pose a significant challenge to aquaculture in Kenya, leading to significant
economic losses. A fish farm in Narok County, Kenya, reported mass mortality among its reared fish
which included Nile tilapia, catfish and ornamental fish. This study aimed to characterize an Aeromonas
isolate recovered from the farm and assess its potential role in the outbreak. Water samples (n=10) were
collected randomly from different points within the fish ponds using sterile universal bottles and
transported to the bacteriology laboratory at the Department of Veterinary Pathology, Microbiology and
Parasitology, University of Nairobi. The bacterial isolate was identified using conventional culture
methods, biochemical assays, Matrix Assisted Laser Desorption/lonization Time of Flight Mass
Spectrometry (MALDI-TOF), BD Phoenix machine tests, and Whole Genome Sequencing. Based on
morphological, biochemical, and MALDI-TOF analyses, the isolate was identified as Aeromonas veronii
and further confirmed as Aeromonas veronii biovar Sobria using the BD Phoenix system. The genome
size of the isolate was approximately 4.6 Mb with a GC content of 59%. Phylogenetic analysis showed
that the isolate clustered with fish isolates from South America and Asia and with human isolates from
Asia and Australia. The study underscores the need for more studies on this bacterium’s pathogenicity
and development of an autogenous vaccine for the prevention of its bacteriosis.

Keywords: Aeromonas veronii biovar sobria, morphological, biochemical. MALDI-TOF, phylogenetic

Introduction

The aquaculture and fisheries sector in Kenya contributes approximately 0.8% of the country's
Gross Domestic Product (GDP) and plays a crucial role in employment and livelihood creation
(11, Over 500,000 individuals are employed directly, with more than 2 million others benefiting
individuals 3. Recognized as a pillar for economic growth and food security, aquaculture is
integrated into Kenya’s Vision 2030 strategy and other national policy frameworks as a critical
tool for improving nutrition, eradicating poverty, and generating employment opportunities [,
Despite its growing importance, fish production faces numerous challenges, including disease
outbreaks caused by bacterial pathogens, which can result in chronic or acute disease
outbreaks [ 4. Bacteria from the family Enterobacteriaceae are known to act as opportunistic
pathogens, infecting fish when environmental stressors compromise their immune defenses [°,
Stress factors such as poor water quality, high temperatures, and high-water organic content in
aquaculture systems significantly increase the risk of disease outbreaks © 7. This is
particularly relevant in fish farms practicing intensive aquaculture, where environmental
stressors often prevail, and the bacterial isolate used in this study was obtained.

In Kenya, limited studies have documented bacterial infections in fish, and most efforts have
concentrated on isolating bacterial pathogens without undertaking comprehensive molecular
characterization . Therefore, to produce fish that are fit for human consumption and a
reliable income stream for local communities, it is crucial to ensure that fish stocked in
Kenyan fish farms are healthy [,
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Whole-genome sequencing (WGS) has emerged as a powerful
tool for advancing the identification and characterization of
bacterial pathogens. It provides critical insights into bacterial
taxonomy, virulency factors, molecular epidemiology, and
phylogenetic relationships 1%, Pathogenic bacteria often rely
on a combination of virulence factors -such as adhesion
molecules, invasion mechanisms, exotoxins, capsular
polysaccharides, siderophores, endotoxins, and other
enzymes—to infect their hosts, evade immune defenses, and
establish disease M. Rather than operating in isolation, these
virulence factors work synergistically to enhance bacterial
pathogenicity. Therefore, microbe identity and classification
are vital parts of transmittable contagion management.

The genetic determinants encoding these virulence traits have
become essential for assessing the pathogenic potential of
microbial pathogens [°. Although Aeromonas species are
frequently isolated from capture fisheries and aquaculture
systems, their molecular characterization in Kenya has not
been adequately explored. This study aims to fill the gap by
conducting a comprehensive molecular analysis of an
Aeromonas isolate from a Kenyan fish farm.

Materials and Methods

Ethical approval

All procedures done in this study involving experiments
concerning live fish were approved and permitted by the
Biosafety, Animal Use and Ethics Committee (BAUEC) of
the Faculty of Veterinary Medicine, University of Nairobi,
Kenya. (REF: FVM BAUEC/2023/424).

Source of the bacterial isolate

Study site

The Aeromonas isolate used in this study was recovered from
pond water (fish mortalities had already occurred when the
farm was visited hence water samples of the ponds were
collected instead of fish samples) of a fish farm located in
Narok County, Kenya, within the southern region of the Great
Rift Valley. The area lies between latitudes 0° 50' - 1° 50'
South and longitude 35° 28' - 36° 25' East. Narok County
experiences a Marine west coast climate with warm summers
(Cfb classification), receiving an average annual rainfall of
177.54 millimeters (6.99 inches) over approximately 226.91
rainy days, accounting for 62.17% of the year (21,

The farm employs mixed farming practices including pig
production, layer-chicken rearing, fish farming (Nile tilapia,
ornamental fish and catfish), a beef feedlot and crop
cultivation. It reported unusual mortalities of more than 80%
of its stocked fish from unknown causes. The farm operates
intensively with 142 earthen and concrete ponds lined with
liners. All the fish ponds were affected by the fish mortalities.
Water for fishponds is sourced from a borehole.

Sample collection and bacterial isolation.

Pond water was collected from different points across ten (10)
fishponds using sterile universal bottles. The samples were
transported in a cool box packed with ice to the bacteriology
laboratory at the Department of Veterinary Pathology,
Microbiology and Parasitology, University of Nairobi, for
analysis. A loopful of each water sample was aseptically
streaked onto freshly prepared nutrient agar, blood agar and
tryptone soy agar. Sub-cultures of the isolates were made on
tryptone soy agar to obtain pure colonies. The purified
colonies were subsequently stored in nutrient agar slant and
tryptone soy broth for future use.

https://www.fisheriesjournal.com

Characterization of the bacterial isolate.

Conventional identification of Aeromonas isolate.

Colony morphology and Gram staining.

The stored isolates were revived on tryptone soy agar, blood
agar and McConkey agar and incubated at 37° C for 24 hours.
Thereafter the colony morphology and Gram staining
characteristics of the bacteria were examined and documented
following the protocols by Schaperclaus et al. % and Tripathi
etal. [,

Biochemical identification

Biochemical tests, including sugar fermentation, indole
production, methyl red (MR), Voges-Proskauer (\VVP), citrate
utilization, triple sugar iron (TSI), catalase, and oxidase tests,
were performed to identify the isolate, following the protocol
described by Austin et al. [*°],
Matrix-Assisted Laser Desorption lonization-Time of
Flight (MALDI-TOF) Analysis

MALDI-TOF analysis was conducted at the International
Livestock Research Institute (ILRI), in Nairobi, Kenya. A
single bacterial colony was picked using a sterile toothpick
and transferred to a target spot on the designated smear area
within a circular boundary on the MALDI target plate. The
sample was mixed with the matrix solution and allowed to air-
dry. Under vacuum conditions, the mixture of sample and
matrix crystallized and was subsequently irradiated with a
short laser pulse. Laser-induced desorption and ionization
enabled mass spectrometric detection, with the organism’s
identity displayed on the system’s interface [,

Biovar Identification using the BD Phoenix System
Identification of the biovar using BD Phoenix™ machine
(BD, USA) was done at Central Investigation Veterinary
laboratories (CVL) in Nairobi, Kenya. The Gram stain of the
Aeromonas isolate was first confirmed before selecting the
appropriate Phoenix panel for inoculation. The procedure of
identification of the biovar was done as described by Junkins
et al., 1. The organism identification appeared on the
Phoenix Report Form with a probability percentage from the
Phoenix database based on the substrate reaction profile 71,

Whole Genome Sequencing

DNA extraction

Genomic DNA was extracted from the bacterial isolate using
the Gene-JET Genomic DNA Purification Kit (Thermo Fisher
Scientific Inc., USA) following the manufacturer’s
instructions.

Preparation of library and sequencing

The extracted DNA sample was quantified using the Qubit™
4 Fluorometer (Catalog Number Q33226, Publication Number
MANO0017209) (Thermo Fisher Scientific Inc., USA).
Illumina DNA Prep Kit protocol (Illumina, Inc., USA) was
followed for library preparation. For cost efficiency of the
library preparation, our DNA sample was added to other
samples not relevant to this study. Sequencing was performed
using illumina 300-cycle version 2 chemistry set to generate
150-bp paired-end reads.

Analysis of genome sequence data

The contigs from the Aeromonas veronii (A4) isolate were
first analysed using QUAST to generate the assembly metrics,
assessing the overall quality of the genome assembly 1€, The
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identity of genomic contigs was identified through ribosomal
multi-locus sequence typing (rMLST) using the PubMLST
platform I, The genome was then annotated using PROKKA
(201 which identified open reading frames (ORFs) coding
sequences, ribosomal RNA sequences, transfer RNAs
(tRNAs), and CRISPR loci 2],

Genome completeness was confirmed using BUSCO
(Benchmarking Universal Single-Copy Orthologs) analysis,
confirming the presence and completeness of essential, order-
specific genomic markers 4. Virulence factor and AMR
genes were determined using ABRICATE, using the
Virulence Factors Database (VFDB) [, The identified
virulence factors were further grouped into functional
subsystems via the Bacterial and Viral Bioinformatics
Resource Centre (BV-BRC) platform 231,

Phylogenetic analysis was conducted based on core-genome
single nucleotide polymorphisms (SNPs) from the study
isolate and other A. veronii isolates from the BV-BRC
database. SNP alignments were generated using Parsnp
(Version 2.0.5) 24,

A maximum-likelihood phylogenetic tree was inferred from
these alignments using 1Q-TREE 2, with 1000 bootstrap
replicates to assess the geo-phylogenetic relationships 21,
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Results

Overall findings on bacterial isolation and source of
Aeromonas isolate

A total of seven Gram-negative bacteria were recovered from
pond water (Long after the mortality event) from the Narok
fish farm, where abnormal mortalities of fish had been
reported. The identified bacteria included Aeromonas,
Flavobacterium, Edwardsiella, Serratia, Citrobacter,
Micrococcus and Enterobacter species. For this study, the
Aeromonas isolate was selected for further investigation. This
is because the fish had presented with signs of motile
aeromonad septicaemia prior to the mortalities.

Conventional Identification of the Aeromonas isolate
Colony morphology characteristics

The isolate exhibited distinct colony morphology across
different culture media. On blood agar, the colonies appeared
creamy white, raised, medium-sized, and displayed beta-
hemolytic. On MacConkey agar, the colonies were creamy
white, raised, medium-sized, and non-lactose fermenting. On
Tryptose soy agar, the colonies were creamy-white, raised,
and medium in size (Figure 1 A-C). The isolate was Gram-
negative short rods as shown in the arrow (Figure 1D).

Fig 1: Aeromonas isolate on different media. (A) Aeromonas isolate on Blood Agar. (B) Aeromonas isolate on MacConkey agar. (C) Aeromonas
isolate on TSA (D) Gram-staining of Aeromonas isolate showing Gram-negative short rods (arrow)

Biochemical reactions: The isolate tested positive for indole,
Voges-Proskauer and citrate but negative for methyl red and
urea (Figure 2A). On Triple Sugar Iron (TSI) agar, both the
slant and butt exhibited acidic reactions with gas production

(Figure 2B). Effervescence during the catalase test confirmed
a positive result. Additionally, the oxidase test yielded a
positive result, indicated by the formation of a purple color on
the oxidase discs.

Fig 2: (A) Some biochemical reactions of Aeromonas isolate (arrow); (B) Aeromonas isolate reaction on TSI; acid slant, acid butt with gas
production (arrow)

~3~
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Sugars utilization

The isolate metabolized glucose with gas production, while
sucrose and mannitol were utilized but without gas
production. However, the Aeromonas isolate failed to utilize

https://www.fisheriesjournal.com

lactose. The conventional biochemical tests identified the
isolate as Aeromonas veronii. A detailed summary of the
biochemical test results for the isolate is presented in Table 1
below.

Table 1: Biochemical characteristics of the Aeromonas isolate

Observed and Tested

Characteristics of Aeromonas experimental isolate

Reference characteristics of Aeromonas

Characteristics species?
Gram stain - -
Cell morphology Short rods Short rods
Growth on BA +, creamy white, raised, medium, beta-hemolytic colonies
Growth on McConkey agar | +, creamy white, raised, medium, non-lactose fermenter colonies +
Growth on TSA +, creamy-white, raised, medium colonies +
Catalase + +
Oxidase + +
Indole + +
Methy| red test - -
Voges Proskauer + +
Citrate +
Urea - -
TSI +, acid slant, acid butt with gas production +, acid slant, acid butt with gas production
Sugars utilization
Lactose - -
Glucose +, with gas production +, with gas production
Sucrose +, without gas production +, without gas production
Mannitol +, without gas production +, without gas production

Legend: +: positive -: negative 2 Austin and Austin, (31, Bacterial Fish Pathogens

Species and biovar identification: MALDI-TOF and BD
Phoenix System

The Aeromonas isolate was identified as Aeromonas veronii
using the MALDI-TOF system. Further analysis with the BD
Phoenix system confirmed the isolate as Aeromonas veronii
biovar sobria.

Whole genome sequence of Aeromonas veronii biovar
sobria

The taxonomic identification of the Aeromonas veronii biovar
sobria is summarized in Table 2. The genome was sequenced
to a total length of 4,609,841 base pairs, with a GC content of
58.58%.

Table 2: Taxonomic identification (Ribosomal Multi-Locus Sequence Typing) of Aeromonas veronii biovar sobria

Contigs 78
Genome Length 4,609,841bps
GC Content 58.58%
Contig L50 15
Contig N50 115,560 bps
Transfer RNA (tRNA) 102
Ribosomal RNA (rRNA) 10
Coding Sequences (CDS) 4,333
Hypothetical Coding Sequences (CDS) 966
CheckM Completeness 100%
Complete BUSCOs 365 (99.7%)
Fragmented BUSCOs 1 (0.3%)
Missing BUSCOs 0 (0%)
Hypothetical proteins 969
Proteins with functional assignments 3364
Proteins with EC number assignments 1020
Proteins with GO assignments 850
Proteins with Pathway assignments 729
Proteins with Subsystem assignments 1414

Virulence Factors
The Aeromonas veronii isolate identified in this study
harbours several important virulence genes known for causing

~g~

infections in both aquatic organisms and humans. Prominent
among these are the Type Il secretion systems and two-
component system response regulator, which play critical


https://www.fisheriesjournal.com/

International Journal of Fisheries and Aquatic Studies

roles in pathogenicity and host adaptation.

Antimicrobial Resistance Genes

The antimicrobial resistance (AMR) genes found in the A.
veronii isolate show resistance to multiple classes of
antibiotics, raising concerns in aquaculture. The primary
AMR genes identified include: B-Lactam Resistance and
Fluoroquinolones resistance genes. The isolate also harboured
mutations in the UhpT (Hexose phosphate transport protein)
and the Tu (Translation elongation factor) genes that are the
targets for Fosfomycin and Elfamycin antibiotics respectively.

Phylogenetic analysis

Fish Isolates

The grouping of A. veronii (A4) isolate with other fish-
derived strains indicates that the bacterium possesses genomic
characteristics that enhance its adaptation and survival in

https://www.fisheriesjournal.com

aquatic environments. Notably, the A4 isolate clustered
closely with a strain from South America (Brazil) while the
broader clade included additional isolates from South
America (Peru) and Asia (China and Bangladesh) (Figure 3).

Human Isolates

Although closely related to fish isolates, the proximity of the
human-derived A. veronii strains to the fish strain on the
phylogenetic tree indicates potential zoonotic capabilities.
Geographically, this study fish A4 isolate clustered with
human isolates from Asia (Taiwan and Japan) and Australia,
further supporting the bacterium’s ability to cross different
host species (Figure 4).

These phylogenetic clusters show the ubiquitous nature of A.
veronii and suggest a stable genetic makeup, contributing to
its persistence across diverse geographic regions and host
environments.

iree scaie: U1 p—r—i

A£comonas verond reference USA
Agromonas verond srai X1 China Fish
Agromonas veront AVO40 China Fih
Aesomonas verond stran F$12001 Cina Fish
Agfomonas veront strain ZWY-AV China Fih
Agfomonas verond stran CBS1 China Grass carp
Agcomonas veroni DFRO1 Phippnes Nie tapa
Agromonas veron stran MLO3-123 USA Cattsh
Agfomonas veront tran MS 17-88 USA Catfh
A&romonas verond srain XH.VA2 China Fish
ASTOMON3s veronl sirain A Kenya Figh
Aetomonas verond siain GT Brazt Nie tapia
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Aeromonas veroni C4 China Fish
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Aetomonas veron tran AGM2 Bangiadesh Fish
Aefomonas veront tra 281 China Fish

Aeromonas verond strain X12 China Fish

Fig 3: Phylogenetic tree of Aeromonas veronii biovar sobria (A4) in comparison with other isolates from fish
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Fig 4: Phylogenetic tree of Aeromonas veronii biovar sobria (A4) in comparison with human isolates
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Discussion

The bacterial isolate recovered in this study was identified as
Aeromonas veronii, a Gram-negative rod, that tested catalase
and oxidase-positive and fermented glucose, sucrose, and
mannitol, but not lactose. These characteristics are consistent
with prior descriptions by Martin- Carnahan and and Joseph
(26 Austin and Austin 71 and Eissa et al; 8. Further
confirmation was achieved using MALDI-TOF and BD
Phoenix system, which identified the isolate as A. veronii
biovar sobria. The BD Phoenix machine uses a calorimetric
oxidation-reduction indicator to detect the organism’s growth
through turbidometric analysis [,

The genome of Aeromonas veronii (Desighated A4) was
sequenced, revealing a genome size of approximately 4.6 Mb
with a GC content of 59%, consistent with the A. veronii
reference genome 1, This bacterium is known to harbour a
broad range of virulence factors, including genes involved in
adhesion, toxin production, and immune evasion, which make
them versatile and adaptable to both aquatic organisms and
humans %, Notably, A. veronii has been isolated from both
healthy and diseased fish, showing its ability to persist in
hosts and evade immune responses of fish 51,

Key virulence systems identified in the A. veronii (A4)
genome include the Type Ill secretion system (T3SS) and
two-component systems (TCS). The T3SS is critical for
bacterial pathogenicity, enabling the injection of effector
proteins directly into host cells 2, This facilitates bacterial
manipulation of host cell functions, suppression of immune
responses, and establishment of infection 331,

In addition, TCS plays a pivotal role in environmental sensing
and adaptation, enabling A. veronii to respond to fluctuating
environmental conditions in fish farms 4. These systems
allow the bacterium to detect changes in temperature, pH,
oxygen levels, and the presence of pollutants, ensuring
survival and persistence in aquaculture environments B, The
combined activity of T3SS and TCS enhances the pathogen’s
ability to infect fish and adjust to environmental stress,
contributing to high virulence and survival within aquaculture
systems.

The zoonotic potential of A. veronii poses additional risks to
public health, as it can infect multiple hosts, including
humans €, While environmental conditions in fishponds—
such as high nutrient levels and warm temperatures—promote
the expression of virulence genes that support colonization of
fish, studies show that isolates from fish can also cluster
phylogenetically with human strains 7. This overlap
suggests that genetic elements shared between fish and human
isolates facilitate cross-host infections [8l. Recent research
further highlights the public health risk posed by dual-host
strains, which can infect fish and humans 91,

The rapid expansion of global fish farming has heightened the
risk of infectious diseases, with intensive farming practices
creating stressful conditions that increase fish susceptibility to
pathogens [0, Aeromonas spp., including A. veronii, have
emerged as leading contributors to high mortality in
freshwater aquaculture, especially under conditions of
environmental stress - %, This may explain the isolation of
A. veronii from the aquaculture farm in Narok County, Kenya,
where environmental stress likely facilitated the pathogen's
proliferation. Continuous monitoring of environmental
parameters such as water quality is essential for mitigating
infections and reducing fish mortality [58 431,

This study provides valuable insights into the characterization
of A. veronii isolated from a fish farm in Kenya. The findings
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underscore the importance of targeted management strategies,
including regular water quality monitoring and early detection
systems, to control potential infections caused by A. veronii.
These measures are essential to prevent outbreaks and
mitigate economic losses in aquaculture.

Conclusions and Recommendations

A. veronii biovar sobria may have caused the abnormal
mortality event in an aquaculture farm in Narok County,
Kenya. Intensive fish farming, characterized by high stocking
density and accumulation of high organic waste in the
environment, contributes to fish stress, creating favorable
conditions for disease outbreaks caused by A. veronii biovar
sobria. Further research on the pathogenicity and vaccine
development against this bacterium is essential to develop
effective mitigation strategies and enhance the management
of its associated bacteriosis in Kenya.
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