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Aeromonas salmonicida was isolated for the first time from Mugil carinatus fish sampled from Suez Gulf, Suez
governorate, Egypt. Fish samples were identified bacteriologically, molecularly and histopathologically.
Biochemical identification of A. salmonicida was performed using API 20 NE kits. The universal 16 S rRNA gene

]I;III\ImAuSILOTeS;ﬁ:emlmy of Aeromonas species was used for the molecular identification of retrieved isolates by producing amplicons at
Suez gucllf s 461 bp. Serine protease (ser) and aerolysin-like protein (act) virulent genes were detected in retrieved isolates at

211 bp and 232 bp, respectively. DNA sequence analysis showed high identity with A. salmonicida subsp. sal-
monicida strains listed in the GenBank database. Histopathological analysis revealed localization of basophilic
bacterial colonies in liver and kidney. Congestion, hepatocellular necrosis and renal tubular necrosis were the
marked pathological lesions in liver and kidney tissues of infected fish. An immunohistochemistry technique was
used for confirming the presence of A. salmonicida antigen. Immune positive antigen antibody reaction was
observed as brown coloration in liver parenchyma and kidney sections of M. carinatus.

fluviatilis L.) in Lithuania (Skrodenyte-Arbaciauskiene et al., 2012), and
sea bass (Dicentrarchus labrax) in Turkey and Spain (Karatas et al., 2005;
Fernandez-Alvarez et al., 2016). However, it has never been reported to

1. Introduction

The family Aeromonadaceae comprises a group of ubiquitous

opportunistic bacteria, including Aeromonas hydrophila, Aeromonas
sobria, Aeromonas caviae, Aeromonas veronii as well as Aeromonas sal-
monicida, which has been reported to be the main causative agent of fish
septicemic bacterial disease in various aquatic habitats (Austin and
Austin, 2007).

A. salmonicida was first reported in salmonid fish showing abnormal
skin lesions (Emmerich and Weibel, 1894). Since then, it has been iso-
lated from wild and cultured freshwater and marine fish worldwide such
as tilapia (Oreochromis spp.) in Oman (Alghabshi et al., 2018),
farm-raised Brachymystax lenok (Li et al., 2014), Largemouth bronze
gudgeon (Coreius guichenoti) (Meng et al., 2020), and crucian carp Car-
assius auratus in China (Lian et al., 2020), walking catfish (Clarias
batrachus) in India (Thomas et al., 2013), European perch (Perca
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infect Mugilidae species in the wild.

A. salmonicida is categorized as either typical strains (pigment pro-
ducing) including A. salmonicida subsp. salmonicida or atypical strains
(non-pigment-producing) including A. salmonicida subsp. achromogenes,
A. salmonicida subsp. masoucida, A. salmonicida subsp. smithia, and
A. salmonicida subsp. pectinolytica (Gudmundsdottir et al., 2003;
Menanteau-Ledouble et al., 2016). However, recent literature reported
the isolation of non-pigmented A. salmonicida subsp. salmonicida from
Atlantic salmon in Norway and cultured crucian carp in China (Koppang
et al., 2000; Lian et al., 2020).

Extensive ulcerative and hemorrhagic skin lesions that lead to high
morbidity and mortality are characteristics of furunculosis, the disease
caused by A. salmonicida subsp. salmonicida. The disease is associated
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with severe economic losses in the aquaculture sector (Shaalan et al.,
2018a).

Mullets belonging to the Mugilidae family including Mugil cephalus,
Mugil carinatus, Liza ramada, and Liza aurata, are widely distributed in
the Gulf of Suez and Suez Canal marine waters; mullets are ranked 3rd in
aquaculture production in Egypt (Shaalan et al., 2018b; Mehanna et al.,
2019). M. carinatus is also referred to as Liza carinata or keeled mullet
and mainly inhabits the Red Sea; it could reach the Eastern Mediterra-
nean Sea through the Suez Canal (Shakman et al., 2016). M. carinatus
represents a commercially important component of the total mullet
catch at approximately 18% of the Gulf of Suez and Suez Canal fishery
production during the last ten years (GAFRD, 2017).

Immunohistochemical techniques can be used study the pathogen-
esis of bacterial infection via in-situ identification of the bacterial anti-
gens within tissue constituents by means of specific antigen-antibody
reactions (Coscelli et al., 2014).

To the best of our knowledge, this is the first report of detection of
A. salmonicida in M. carinatus. The current study aimed to achieve
phenotypic characterization, molecular identification, and immunohis-
tochemical detection of A. salmonicida isolated from wild M. carinatus
fish in Egypt.

2. Materials and methods
2.1. Sampling

A total of 60 M. carinatus fish were randomly collected from the Suez
Gulf, Red Sea at the start of the spring season of 2019. The fish were
examined on-site for the presence of any clinically relevant external
lesions. Samples were taken for bacteriology, molecular biology, and
histopathological analyses. All sampling procedures were conducted
according to regulations of institutional animal use and care committee
(IACUQ), faculty of veterinary medicine, Cairo University.

2.2. Microbiological examination and phenotyping

The fish surfaces were disinfected with 70% ethyl alcohol. Kidney
samples were taken and inoculated in brain heart infusion broth (LabM,
Bury, UK) overnight, then streaked on tryptone soy agar (TSA) (LabM,
Bury, UK) and blood agar supplemented with 5% sheep blood (LabM,
Bury, UK) with the addition of 2% NacCl. Cultured plates were incubated
at 29 °C for 48 h (Buller, 2004). The most common morphologically
identical colonies were aseptically subcultured and purified, then Gram
stained, examined for motility, and subjected to the oxidase and catalase
tests. Phenotypic identification of the retrieved isolates was performed
using API 20 NE kit (BioMérieux, Marcy-1'Etoile, France). Pure Aero-
monas stock cultures were cryopreserved in brain heart infusion broth
with 15% glycerol at — 20 °C for further analysis.

2.3. Molecular identification, virulence genes detection, and partial 16 S
rRNA gene sequencing

DNA extraction from purified bacterial colonies was performed using
PrepMan Ultra Reagent (Applied Biosystems, Massachusetts) according
to the manufacturer instructions. The PCR reaction was prepared on ice

Table 1
Primer sequences used for detection of A. salmonicida.
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in 0.2 ml thin-walled PCR tubes containing the following: 25 ul of 2X
ViRed Taq master mix (Vivantis, Malaysia), which included Taq DNA
polymerase, reaction buffer, ANTPs, MgCl,, inert red dye, and stabilizers
needed for routine DNA amplification, and 2 yM of each primer (10
pmol), 4 ul of template DNA, and 17 pl of PCR-grade water to adjust the
final volume to 50 pl.

The universal 16 S rRNA gene of Aeromonas species was used for the
identification of retrieved isolates. The serine protease (ser) and
aerolysin-like protein (act) genes were used to determine the virulence
potential of isolated A. salmonicida (Table 1). Electrophoresis of ampli-
fied products was performed using 1% agarose (w/v) with Tris-acetate
EDTA and ethidium bromide staining, then visualized under UV light
to show the resulting bands for the 16 S rRNA gene at 461 bp. The
amplified bands were sequenced using the Genetic Analyzer 3500
sequencer (Applied Biosystems), then the sequences were blasted with
the National Center for Biotechnology Information (NCBI) database and
registered on GenBank using BankIt.

2.4. Phylogenetic analysis

The obtained sequences were used for multiple alignments using the
CLUSTALW program of the BIOEDIT version 7.2.5. The phylogenetic
tree was constructed using the Neighbor-Joining approach with 1000
bootstrap resampling (Tamura et al., 2004) using MEGA X software
(Kumar et al., 2018).

2.5. Histopathology and immunohistochemistry (IHC) of A. salmonicida

Liver and kidney samples were collected and kept in 10% neutral
buffered formalin. After fixation, tissue samples were processed
routinely by passage in different grades of alcohol, cleared in xylene,
and embedded in paraffin. Sections of 5 um thickness were cut and
stained with hematoxylin and eosin for light microscopy (Bancroft,
2013). Tissue slides were examined using an Olympus BX43 light mi-
croscope and images were captured using an Olympus DP-27 camera.

For immunohistochemistry, anti-A. salmonicida hyperimmune serum
was raised in rabbits as described by Rakib et al. (2018). In brief, rabbits
were subcutaneously injected with killed bacteria with Freund’s com-
plete adjuvant. After two weeks, three booster doses were given without
adjuvant. Finally, blood samples were collected and centrifugated for
serum separation. The serum purification protocol by precipitation
using ammonium sulfate was performed as described by Page and
Thorpe (1996). Purified IgG was used as the primary antibody at a
dilution of 1:1000 in PBS. For the immunohistochemistry, the protocol
was conducted according to Mesalam et al. (2021). Heat-induced anti-
gen retrieval step was performed in microwave oven for 15 min using
Tris-EDTA buffer (10 mM Tris-base, 1 mM EDTA solution, 0.05% Tween
20, pH 9). Then, tissue slides were washed with phosphate buffered
saline (PBS). Endogenous peroxidase blocking was performed by adding
3 drops of Hy04 3% (Bio-SB, CA, USA) to tissue sections and incubated
for 10 min. Tissue slides were incubated with the primary antibodies
(rabbit anti-Aeromonas, 1:1000 in PBS) overnight in a refrigerator, fol-
lowed by washing with PBS and incubation with goat anti-rabbit
HRP-labeled secondary antibodies (Abcam, Cambridge, UK) for 2 h at
room temperature. Finally, a DAB substrate kit (Abcam, Cambridge, UK)

Product size (bp) Annealing temp. (°C) Reference

Gene Primer sequence
Aeromonas universal 16 S TRNA CGACGATCCCTAGCTGGTCT
GCCTTCGCCACCGGTAT

ACGGAGTGCGTTCTTCCTACTCCAG
CCGTTCATCACACCGTTGTAGTCG
AGAAGGTGACCACCAAGAACA
AACTGACATCGGCCTTGAACTC

Serine protease (ser)

Aerolysin-like protein (act)

461 bp 65 °C Abdel-moneam et al. (2021)
211 bp 64 °C Nam and Joh (2007)
232 bp 55 °C Sen and Rodgers (2004)
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was used for substrate detection. Same procedure was applied on fixed
tissues from Aeromonas salmonicida-free fish as a negative control.

3. Results
3.1. Clinical signs and postmortem lesions

No external clinical lesions were reported, except for mouth hem-
orrhages, which were observed in some collected fish. (Fig. 1A-B).

3.2. Microbiological examination and phenotyping

The identified purified colonies of A. salmonicida were retrieved from
the TSA supplemented with 2% NaCl after 2 days of culturing with no
pigment production. On blood agar, the purified colonies produced a
beta hemolytic reaction (Fig. 2). Phenotypically, A. salmonicida colonies
appear as gram-negative short rods. No bacterial motility was detected.
The oxidase and catalase test results were positive. Arginine dihydrolase
(ADH), nitrate reduction, gelatin liquefaction, and aesculin hydrolysis
tests were positive, while urea production and citrate assimilation tests
were negative when using the API 20 NE Kits with identification code
5555744 (Table 2).

3.3. Molecular identification, virulence genes detection and partial 16 S
rRNA gene sequencing

For the Aeromonas universal 16 S rRNA gene, positive amplicons
were successfully produced at 461 bp (Fig. 3A). Virulence genes detec-
tion through identification of serine protease (ser) and aerolysin-like
protein (act), showed amplicons at 211 bp and 232 bp, respectively
(Fig. 3B). The sequence analysis and NCBI blast showed that isolated
bacteria matches with A. salmonicida strains (GenBank accession nos.
MT576565.1 and MT525253.1) by 99.76% and A. salmonicida subsp.
salmonicida strain by 99.52% (GenBank accession no. CP052034.1) lis-
ted on the GenBank database. The obtained sequences were published as
A. salmonicida on GenBank under accession numbers MW741720 and
MW741722. The phylogenetic analysis of A. salmonicida 16 S rRNA se-
quences were grouped with their identical sequences using Neighbor-
Joining method (Fig. 4).

3.4. Histopathology and immunohistochemistry

Microscopic examination of liver sections of affected fish showed
marked congestion (Fig. 5a) with hepatocellular vacuolation suggesting
microvesicular steatosis in addition to extensive multifocal hepatocel-
lular necrosis was noted (Fig. 5b), associated with the presence of blue-
stained bacterial colonies within the hepatic parenchyma (Fig. 5¢). IHC
showed the presence of A. salmonicida antigen antibody response within
the hepatic parenchyma (Fig. 5d).

Kidney sections exhibited congestion of renal blood vessels (Fig. 6a),
and scattered hemorrhages (Fig. 5b). The brown bacterial colonies were
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Fig. 2. Beta Hemolytic zone (on the left) by Aeromonas salmonicida (arrow)
versus other non-hemolytic bacteria (on the right) on blood agar plate.

detected in the renal tissue by IHC (Fig. 6¢,d). Negative control tissue
sections from liver and kidney showed no immunoreactivity.

4. Discussion

A. salmonicida are important bacteria affecting a variety of salmonid
and non-salmonid fish species (Bartkova et al., 2017). A. salmonicida
subsp. salmonicida is incriminated as the causative agent for furunculosis
in salmonid fish and is defined as the typical A. salmonicida (Cipriano
and Bullock, 2001). However, there was no evidence that this bacterium
could be isolated from M. carinatus.

In past decades, few studies have reported the isolation of
A. salmonicida from sub-clinically infected fish with no external lesions;
this may be because the majority of scientists neglect to examine
apparently healthy fish and other environmental samples that may
harbor A. salmonicida (Alghabshi et al., 2018).

In our study, no external skin lesions appeared on the infected
M. carinatus. Similarly, no external skin lesions appeared on Atlantic
salmon, turbot, European perch (Perca fluviatilis L.), various Omani fish
species, and abalone (Haliotis mariae) infected with A. salmonicida
(Koppang et al., 2000; Coscelli et al., 2014; Skrodenyté-Arbaciauskiene
etal., 2010; Alghabshi et al., 2018). This may be attributed to the ability
of infected fish to silently carry and transmit the disease, by vertical or
horizontal dissemination of the pathogen (Austin and Austin, 2007;
Bartkova et al., 2017) and from fresh to sea water without showing any
typical signs of the disease (Karatas et al., 2005; Fernandez-Alvarez
et al., 2016). The clinical signs only appear in stressed or immuno-
compromised fish. Besides, the sub-acute form of the disease also has a
slow onset of symptoms (Dallaire-Dufresne et al., 2014).

Fig. 1. Mugil carinatus fish showing mouth hemorrhages.
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Table 2

API 20 NE kit results for isolated A. salmonicida and non-pigmented
A. salmonicida. *Biochemical data were obtained from Buller, 2004. V, vari-
able; —ve, negative reaction; +ve, positive reaction; NOg, nitrate; TRP, indole;
Glu, glucose fermentation; ADH, arginine dihydrolase; Ure, urease; Esc, aescu-
lin; Gel, gelatin hydrolysis; Pnpg, p-nitrophenyl-b-D-galactopyranoside; Glu,
glucose assimilation; Ara, L-arabinose assimilation; Mne, mannose assimilation;
Man, mannitol assimilation; Nag, N-acetylglucosamine; Mal, maltose assimila-
tion; Gnt, gluconate assimilation; Cap, caprate assimilation; Adi, adipate
assimilation; MIt, malate assimilation; Cit, citrate assimilation; Pac,
phenylacetate.

Phenotypic Non- pigmented A. salmonicida  Isolated
characteristics * A. salmonicida
Gram stain —VE —VE
Oxidase +VE +VE
Catalase +VE +VE
Motility —VE —VE
Pigment production +/- -VE
NO; +VE +VE
TRP —VE —VE
Glu fermentation +VE +VE
ADH +VE +VE
Urea —VE —VE
Esc A% +VE
Gel +VE +VE
Pnpg —VE —VE
Glu assimilation +VE +VE
Ara +VE +VE
Mne v —VE
Man +V +VE
Nag +VE +VE
Mal +V +VE
Gnt +VE +VE
Cap —VE —VE
Adi —VE —VE
Mit +VE +VE
Cit —VE —VE
Pac —VE —VE

Morphologically, the cultivation of A. salmonicida on blood agar
produces a beta hemolytic reaction (Austin et al., 1998; Ferndndez-Al-
varez et al., 2016), while cultivation on TSA agar at 29 °C revealed the
production of non-pigmented pinpointed colonies (Hirvela-Koski, 2005;
Tewari et al., 2014; Huys, 2014; Alghabshi et al., 2018). The use of
pigment production as a diagnostic confirmation of A. salmonicida sub-
species must be re-assessed, as several members of the aquatic aero-
monads and pseudomonads can produce similar pigments (Altmann
et al., 1992; Cipriano and Bullock, 2001).
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Biochemically, the API 20 NE results identified the isolated
A. salmonicida as A. salmonicida subsp. salmonicida, even though it was
not a pigment-producing strain. This is because it fulfills all the
biochemical criteria that differentiate it from atypical A. salmonicida
subsp. achromogenes strains: glucose fermentation, ADH production,
aesculin hydrolysis, and N-acetylglucosamine, maltose, gluconate, and
malate assimilation (Wiklund et al., 1993; Karatas et al., 2005; Hir-
vela-Koski, 2005; Lim and Hong, 2020).

Non-pigment-producing A. salmonicida subsp. salmonicida was pre-
viously isolated from brown trout (Salmo trutta m. lacustris) and sea trout
(S. trutta m. trutta) in Finland, Atlantic salmon (Salmo salar L.) in Norway
and crucian carp (Carassius auratus) in China (Wiklund et al., 1993;
Koppang et al., 2000; Lian et al., 2020).

The lack of pigment production in A. salmonicida subsp. salmonicida
strains may be related to a mutation or deletion in genes controlling
melanin pigment production (Wiklund et al., 1994; Koppang et al.,
2000), disturbance of the melanin production pathway (Sanchez-Amat
et al., 1998), or even an increase in water temperature (>32 °C) (Hir-
vela-Koski, 2005) or incubation temperature (>22 °C) (Cipriano and
Bullock, 2001). In addition, this may be correlated with subculturing
multiple times. The loss of pigmentation in A. salmonicida strain noted in
the current study is mainly attributed to the warm water temperature in
the Suez Gulf, which ranges from 21.91 °C to 29.22 °C (Mahmoud et al.,
2020).

Although in most prokaryotic organisms, the ability for pigment
production is highly correlated to virulence, non-pigmented strains were
found to cause higher mortality rates in experimentally infected Atlantic
salmon (Koppang et al., 2000). This indicates that the absence of

64 [ MT071435.1 Aeromonas salmonicida strain NBH3 16S ribosomal RNA gene partial sequence
55 MN914748.1 Aeromonas salmonicida strain HR09 16S ribosomal RNA gene partial sequence

0 MT093484.1 Aeromonas salmonicida strain B20 16S ribosomal RNA gene partial sequence

* MT159828.1 Aeromonas salmonicida strain CN1 16S ribosomal RNA gene partial sequence
MK656385.1 Aeromonas salmonicida strain T50-3 16S ribosomal RNA gene partial sequence
I; MT516456.1 Aeromonas sp. strain L4 16S ribosomal RNA gene partial sequence
L‘— MT525253.1 Aeromonas salmonicida strain SRW-0G1 16S ribosomal RNA gene partial sequence

strain A1 168 ril

P MT576565.1 A RNA gene partial sequence
L—‘_E . MW741722.1 Aeromonas salmonicida strain MC2 16S ribosomal RNA gene partial sequence
80 . MW741720.1 Aeromonas salmonicida strain LC1 16S ribosomal RNA gene partial sequence

—

0.00050

Fig. 4. Neighbour joining phylogenetic tree of 16 s-rRNA gene sequences of
isolated Aeromonas salmonicida and other closely related sequences. The
Evolutionary analysis was performed with MEGA version X.

Fig. 3. Agarose gel electrophoresis of A.salmonicida; A. Lane 1 ladder, lane 2, 3&4 showed the amplified bands of Aeromonas universal 16SrRNA gene at 461 bp.;
B. Lane 1, 2 & 3 Serine protease (ser) amplicons at 211 bp, lane 4 ladder, lane 6 Aerolysin-like proteins (act) amplicons at 232 bp.
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Fig. 5. Photomicrograph of liver from Aeromonas salmonicida infected Mugil carinatus, (a-c) H&E stained and (d) Immune staining with A. salmonicida antibody. (a)
congestion of hepatic blood vessel (arrow), (b) marked and diffuse hepatocellular vacuolations mainly fatty change, with presence of multi focal hepatocellular
necrosis (arrow), (c) bacterial colonies (arrows) within liver parenchyma, (d) positive immune staining due to presence of A. salmonicida in hepatic tissue (arrows).

pigment production has no effect on the infection potential or virulence
ability of A. salmonicida.

Molecular identification and 16 S rRNA gene sequencing are adopted
to confirm the membership of the isolated strain within the family
Aeromonadaceae (Han et al., 2011; Benagli et al., 2012; Jin et al. (2019)),
the high interspecies similarity of the 16SrRNA gene sequence makes
their taxonomical identification complex (Ormen et al., 2005; Abd El
Latif et al., 2019). However, sequence analysis still a powerful tool for
the accurate detection of Aeromonas to subspecies level.
(Skrodenyté-Arbaciauskiene et al., 2012).

The sequencing analysis of the isolated strains revealed that they
show similarity to A. salmonicida (99.76%) and A. salmonicida subsp.
salmonicida (99.52%) with a high percentage identity, confirming the
phenotypic identification from the API 20 NE diagnostic kit. Further-
more, the phylogenetic analysis confirmed the identities of A.salmoni-
cida isolates with most relevant A. salmonicida strains.

Several virulence factors have been inherited among different Aer-
omonas species, such as lipopolysaccharide, iron-regulated outer mem-
brane proteins, and extracellular products such as aerolysin (aer),
lipases, collagenase (acg), elastase (ela), cytotonic enterotoxins (act, ast,
alt), and proteases (ser) (Sen and Rodgers, 2004; Ottaviani et al., 2011;
Alghabshi et al., 2018).

The serine protease gene (ser) was found to be involved in bacterial
multiplication and the development of furunculosis by liquefying fish
muscles to produce furuncles (Dallaire-Dufresne et al., 2014). Moreover,
it has the ability to activate other toxins such as aerolysin and GCAT
(glycerophospholipid cholesterol acyltransferase), which is secreted by
A. salmonicida in the process referred to as quorum sensing (Cascon
et al., 2000; Nam and Joh, 2007). The ser gene-positive amplicons were
previously detected at 211 bp from diseased trout, king soldier bream,
and white-spotted rabbit fish (Nam and Joh, 2007; Alghabshi et al.,
2018).

The aerolysin-like protein (act) gene was previously detected at
232 bp in A. salmonicida strains isolated from salmonid fish, king soldier
bream, tilapia, and white-spotted rabbit fish (Lim and Hong, 2020;
Alghabshi et al., 2018). There is a direct relationship between the
presence of the act gene and the beta hemolysis induced on blood agar
(Hoel et al., 2017). In our study, the presence of the ser and act virulence
genes in the isolated A. salmonicida strain, without appearance of any
external lesions, may be correlated with the bacterial load in the host
tissue or surrounding environment, the innate resistance of infected fish
(Ottaviani et al., 2011) or the variation in fish species susceptibility to
A. salmonicida.

Liver sections of affected fish showed extensive hepatocellular ne-
crosis associated with the presence of blue-stained bacterial colonies.
Moreover, IHC confirmed the presence of A. salmonicida antigen within
the hepatic parenchyma. The visualization of the bacterial antigen
associated with liver necrotic tissues supports a strong relationship be-
tween lesions and the presence of bacteria. Tissue necrosis likely
resulted from the direct damage caused by the action of toxins and en-
zymes secreted by A. salmonicida (Vanden Bergh et al., 2013). Similarly,
diffuse liver necrosis, degenerative changes and vacuolations were
demonstrated in the diseased walking catfish, Clarias batrachus; goldfish
and European perch, Perca fluviatilis naturally infected with
A. salmonicida (Thomas et al., 2013; Rupp et al., 2019; Jin et al., 2020;
Lian et al., 2020).

Histopathologic picture of the kidney revealed congestion and in-
flammatory reaction as reported by Lian et al. (2020). Local distribution
of A. salmonicida in the renal interstitial tissue and tubular epithelium
was confirmed by immunohistochemistry. This justifies the marked
necrosis of the epithelial lining of the renal tubules (Coscelli et al., 2014;
Shaalan et al., 2018a). Likewise, renal tissue sections of farmed rainbow
trout (Oncorhynchus mykiss) and crucian carp (Carassius auratus) natu-
rally infected with A. salmonicida showed congestion of renal blood
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Fig. 6. Photomicrograph of kidney from Aeromonas salmonicida infected Mugil carinatus, (a-b) H&E stained and (c-d) Immune staining with A. salmonicida antibody.
(a) Severely dilated and congested renal blood vessel (arrow), (b) Diffuse hemorrhages in the renal interstitial tissue (arrow) and necrosis of some renal tubules, (c)
Positive immune staining due to presence of A. salmonicida in the renal interstitial tissue (arrow) and tubular epithelium (arrow head), and (d) higher magnification
shows positive immune staining of the bacteria in the epithelial lining of renal tubules (arrow).

vessels and diffuse interstitial nephritis (Zepeda-Velazquez et al., 2015;
Lian et al., 2020).

In conclusion, this is the first report of A. salmonicida detection in
M. carinatus, these results postulate that fish tissue may harbor the
bacteria in a silent way and asymptomatic carriers of A. salmonicida
could be a source of infection to other susceptible fish species. The re-
sults obtained in this study provide a base for further future in-
vestigations on the pathogenesis of A. salmonicida in Mugilidae and its
prevention and control.
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