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ABSTRACT

Trout fish farming is playing an important role in providing livelihood and nutritional security to the people of hilly state
like Himachal Pradesh. The present investigation was conducted during a natural outbreak of Aeromonas hydrophila infection in
rainbow trout (Oncorhynchus mykiss) in a commercial trout fish farm located in the Mandi district of Himachal Pradesh, India.
The overall mortality was 30%. A total of twenty-one moribund rainbow trout of around 5 months age were investigated. The
clinical signs exhibited by the fish before death were lethargy, slow movement and gasping. The gross lesions at necropsy were
distended abdomen (dropsy), cutaneous haemorrhages and/or ulcerative lesions at the base of fins and anal area, ascites and
mild to severe degree of congestion and haemorrhage in the visceral organs. The samples collected at necropsy included swabs
from the skin lesions, liver and kidney for bacteriological studies and representative tissues for histopathological evaluation.
Bacteriological studies revealed the presence of Aeromonas hydrophila in the samples of moribund trout. Microscopically, gills,
liver, kidneys and skeletal muscles revealed predominant vascular changes such as congestion, haemorrhage and oedema, vac-
uolar or Zenker’s degeneration, necrosis and an inflammatory reaction. In addition, decreased haematopoiesis in the anterior
kidney and melano-macrophage center infiltration in the liver and kidney were also observed. In conclusion, the outbreak was
diagnosed as acute severe septicaemic Aeromonas hydrophila infection associated with significant mortality in rainbow trout

leading to economic losses.
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Aquaculture production is nowadays gaining popularity in meeting the
nutritional requirements of humans due to increasing population'. Rainbow
trout (Oncorhynchus mykiss) is a cold-water fish belonging to Salmonid family
and is highly valued for its nutritional potential. Himachal Pradesh is one of
the leading states in rainbow trout farming and seed production in India with
a total production of 849.7 tonnes in the recent past®. The rich water resources
of Himachal Pradesh offer a great potential for trout fish farming, providing
livelihoods to the native population and ensuring food security.

Aeromonas hydrophila is a ubiquitous bacterial pathogen in marine and
freshwater habitats but can emerge as a primary or opportunistic pathogen if
it encounters favourable conditions, affecting fish farming on a large scale and
causing significant economic losses®. A. hydrophila is facultatively anaerobic,
motile, Gram-negative bacterium that optimally grows at 22-32°C, with a few
strains surviving even at low temperature, affecting and causing diseases in all
classes of vertebrates including fishes*’. It is a non-spore forming, rod-shaped
bacterium belonging to Aeromonadaceae family of the class, Gammaproteo bacteria.
The biochemical characteristics are positive for catalase, oxidase and indole tests®.
Many studies have demonstrated freshwater bodies to be the reservoirs of A.
hydrophila which is the etiological agent involved in causing disease conditions
such as motile aeromonas septicemia (MAS), hemorrhagic and ulcerative diseases
in fishes including rainbow trout, catfish, carp and salmon'*’.

Fish farmers are greatly impacted by acute A. hydrophila outbreaks
in which mortality rates can reach up to 100 percent®. Food, animals,
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groundwater and wastewater
are some of the other sources
of this pathogen contributing to
its zoonotic potential and hence
raising public health concerns'®.
Overcrowding, increased
organic content, trauma, change
in temperature, unhygienic
handling, contaminated feed,
pollution and deficit of dissolved
oxygen are some of the stressors
that may contribute in the
development of the infection in
fishes'. The natural infection of
A. hydrophila in fish depends on
the species affected, season and
environmental conditions'.
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and thickened primary and secondary lamellae and mild lymphocytic infiltration in gill lamellae (H&E x200); Fig. 3. Liver: Congestion,
vacuolar degeneration and necrosis of a few hepatocytes in the centrilobular region (H&E x400); Fig. 4. Liver: Melano-macrophage center
(MMC) aggregation around the central vein (H&E x400).

The present investigation was conducted during a
natural outbreak of A. hydrophila infection in rainbow trout
(O. mykiss) in a commercial farm with a total stock of 4000
fish located in the Mandi district of Himachal Pradesh,
India. The disease outbreak was recorded in the month
of July, 2023. A total of twenty-one moribund rainbow
trout aged 5 months and of either sex were investigated
in the Department of Veterinary Pathology, Dr G.C.
Negi College of Veterinary and Animal Sciences, CSK
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh. The body weights of the affected fish
ranged from 110 to 150 g and the body lengths varied from
13 to 18 cm. A thorough post-mortem examination was
performed and gross pathological lesions were recorded.
Simultaneously, swabs were collected aseptically from
the lesions on the skin and visceral organs including liver
and kidney for microbiological analysis. For isolation
and identification of bacteria, the swabs were streaked
onto tryptic soy agar (TSA) plates and incubated at 22°C
for 48 hrs. The subculturing was performed to obtain
pure colonies and the biochemical characterization of
the bacterial isolates was performed as per the standard
procedure'. Various biochemical tests including catalase,
oxidase, indole, methyl red, citrate, Voges-Proskauer,
gelatin liquefaction and motility tests were employed for
species level identification of Aeromonas spp.

Representative tissue samples were collected at
necropsy and fixed in 10% neutral buffered formalin.

Thereafter, the tissue samples were processed and
embedded in paraffin blocks". Haematoxylin and eosin-
stained sections (3-4 pm) were then examined under the
light microscope.

In the present investigation, overall 30% mortality
was recorded in rainbow trout. Prior to death, the
affected moribund fishes exhibited clinical signs
including lethargy, slow movement, gasping and
distended abdomen (dropsy). At necropsy, external
examination revealed eroded scales along with focally
extensive areas of well-demarcated, ulcerative lesions
with or without haemorrhagic borders on the skin,
base of dorsal, pectoral, caudal and anal fins and anal
region (Fig. 1). Internal examination showed ascitic fluid
accumulation and mild to severe degree of congestion
and/or haemorrhages in almost all the internal organs
suggestive of septicaemia.

Histopathological examination of the tissues revealed
lesions in gills, liver, kidneys and skeletal muscles.
Microscopically, gills revealed severe congestion, foci
of haemorrhages, short, curled to thickened primary
and secondary lamellae and infiltration of lymphocytes
in both primary and secondary lamellae (Fig. 2). Liver
sections revealed vascular and sinusoidal congestion,
areas of haemorrhage, vacuolar degeneration and
necrosis of hepatocytes and infiltration of mononuclear
cells, predominantly, lymphocytes (Fig. 3). Hepatic
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parenchyma also revealed the presence of melano-
macrophage center (MMC) aggregation in a few foci (Fig.
4). Histologically, anterior kidney exhibited decreased
haematopoiesis and presence of bacterial colonies (Fig.
5). However, posterior kidney exhibited congestion,
areas of haemorrhages, degeneration and necrosis
of tubular epithelium, epithelial cast formation and
multifocal areas of MMC aggregation in the interstitium
(Fig. 6). Histopathology of the skeletal muscles revealed
necrotizing myositis characterized by extensive exudation
between the muscle bundles, Zenker’s degeneration and
necrosis of muscle fibers with loss of striations and
infiltration of mononuclear inflammatory cells mainly
lymphocytes (Fig. 7).

The bacterial isolates obtained from the skin lesions,
liver and kidney showed yellowish opaque, round,
convex, smooth-edged colonies of A. hydrophila on TSA
media (Fig. 8). The Gram staining of the isolates revealed
Gram-negative, bacilli present singly, in pairs and a few
in short chains. Confirmatory diagnosis of A. hydrophila
was made on the basis of biochemical characterization of
the isolates that included positive reactions for catalase,
oxidase, indole, methyl red, citrate, Voges-Proskauer,
gelatin liquefaction and motility tests.

Aeromonas hydrophila is an emerging aquatic
pathogen, widely distributed in the environment. It
can cause disease in fish, humans and in other animals.
The clinical signs including lethargy, slow movement,
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gasping and distended abdomen were more or less
similar to those described earlier in A. hydrophila infected
rainbow trout™.

Aeromonas infection in fish causes world economic
problems because of the high number of fish mortalities.
The mortality rate of A. hydrophila in fish can vary (up
to 100%) depending on the strain of the bacteria and the
type of fish infected®. In the present outbreak, overall
30% mortality was recorded in rainbow trout. The
susceptibility of rainbow trout to A. hydrophila, may be
related to the environment of trout fish, which lives on
clear running water, that is less exposed and less resistant
to this pathogenic bacterium. Besides this, A. hydrophila
bacteria multiplies at faster rate, colonize and cause
mortality quickly in comparison to other pathogenic
bacteria in fish. Additionally, the bacteria can directly
cause death and co-infect with viruses, fungi, and other
bacteria and synergistically aggravate the disease severity
or mortality in fish'. Interestingly, the present disease
outbreak occurred in the rainy season i.e. in the month
of July, when water temperature is relatively higher than
the other months of the year.

The gross findings such as eroded scales, dermal
haemorrhages, ulcerations, ascitic fluid accumulation,
congestion and/or haemorrhages in the internal organs
are more or less similar to those reported by Zepeda-
Velazquez and co-workers during the natural infection
of Aeromonas species in rainbow trout'. The gross and

Fig. 5. Anterior kidney: Decreased hematopoietic activity and presence of bacilli (arrow) along with infiltration of lymphocytes (H&E
x400); Fig. 6. Posterior kidney: Degeneration and necrosis of tubular epithelium and MMC aggregation in the interstitium (H&E x400);
Fig. 7. Skeletal muscles: Severely disrupted muscle bundles showing extensive necrosis of muscle fibers and infiltration of lymphocytes
(H&E x40); Fig. 8. Yellowish opaque, round, convex smooth-edged colonies of A. hydrophila on TSA media.
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histopathological findings of this study confirmed that A.
hydrophila is pathogenic to rainbow trout. The microscopic
lesions such as vascular changes, degeneration and/or
necrosis, inflammatory response, presence of bacterial
colonies and/or MMC aggregates in the internal organs
or tissues are more or less consistent with those reported
during experimental studies in infected fishes''¢. In
fishes, kidney is one of the target organs of an acute
septicemia caused by aeromonads and this organ is
apparently attacked by bacterial toxins and loses its
structural integrity as also observed in the present study.
The MMC or macrophage aggregates, are the distinctive
groupings of pigment-containing phagocytic cells within
the tissues of fish and it plays an important role in the
humoral adaptive immune response to foreign materials,
including infectious agents'’.

A. hydrophila has a natural habitat in water and
can thrive at temperatures ranging from 0 to 45°C
with an optimum temperature of 22 to 32°C. In
addition, environmental and stress conditions such as
overcrowding, low dissolved oxygen, poor water quality,
higher organic content, physical injuries, temperature
fluctuation, factory pollution, unhygienic handling,
contaminated feed and poor nutrition may influence A.
hydrophila infection in fish®*.

Isolation, identification and confirmation of fish
pathogenic bacteria are important in the accurate
diagnosis of suspected disease'®. The conventional
bacteriological and biochemical methods used for
the present investigation have proven effective for
identification of A. hydrophila®®. The morphology of the
Gram-negative motile bacterium, colony characteristics
on TSA media and the biochemical properties of A.
hydrophila isolates recovered in this study are consistent
with those in other reports'*>.

A. hydrophila is also considered the most important
zoonotic pathogen of concern. Fish play a fundamental
role in Aeromonas transmission to humans®. In humans,
it may transmit through ingestion of contaminated
fish flesh and may lead to various intestinal and extra-
intestinal diseases. The diseases in humans include
gastroenteritis, traveler’s diarrhoea, septic arthritis,
skin and wound infections, blood-borne infections,
pneumonia, meningitis and fulminating septicaemia®*.
Fever, abdominal pain and signs of respiratory distress
are commonly exhibited by patients infected with A.
hydrophila®. A. hydrophila isolated from fish and humans
showed several virulence factors and exhibit a wide
range of antibiotic resistance which also considered
as a public health hazard®. Moreover, the occurrence
of Aeromonas septicemia is reported to be 32 to 45% in
immunocompromised patients and the risk of mortality
during the infection increases with the number of
comorbidities in human patients®. A. hydrophila is a

widespread, emerging food pathogen and frequently
isolated from different environmental or clinical samples
as well as from retail foods including fish, seafood, raw
milk, poultry and red meats'®*. Hence, investigation of
Aeromonas outbreaks in table fish like rainbow trout must
be carried out with due precaution due to its seemingly
high zoonotic potential to consumers.

In conclusion, the study reports a natural outbreak of
acute A. hydrophila infection associated with septicemia
and dermal lesions in rainbow trout of Himachal Pradesh
resulting in significant mortality among trout fish with a
significant economic impact on the cold water fisheries
of the state.
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