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Abstract:

The main clinical and pathomorphological changes in
Aeromonas hydrophila infection in carp provoked by
different field strains of this bacterium were studied.
The strongest histopathological damages were seen in
the functional epithelium of liver and kidneys, fol-
lowed by intestine and hearth damages in addition to
various haemorrhages in interstitial tissues of visceral
organs and some skin haemorrhages on the ventral sur-
face of the body and the anal region. As a whole,
pathological damages consisted of degenerative
changes as cloudy swelling, granular and/or hyaline
droplet degeneration or vacuolation in functional epi-
thelium in the respective internal organs in addition to

some target vascular disturbances, which appeared to
be good biomarkers for field assessment of that dis-
ease. Pathological damages in internal organs and
haemorrhages were stronger in experimental fishes
exposed to higher levels of the respective pathogens,
especially those isolated from dead anaconda or the
referent strain, and less pronounced damages were
seen in fishes infected with of Aeromonas hydrophila
isolated from a silver carp with marked signs of septi-
caemia.
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Introduction

Aeromonas hydrophila is a common inhabitant of
aquatic environments and is considered to be one
of the usual constituents of the superficial and in-
testinal flora of cool or cold-water fishes (Lallier
and Daigneault, 1984; Dooley et al., 1986), but is
not necessarily restricted to fresh water environ-
ment and is often isolated from raw and pro-
cessed products of marine fishes (Thampuran and
Surendran, 1995). Aeromonas hydrophila, how-
ever, behaves frequently as a secondary invader
and is responsible for the disease known as mo-
tile aeromonad septicemia (Roberts, 1978).
Therefore, this bacterium is also known as one of
the most important pathogens of freshwater fish-
es, which is commonly isolated from fish affect-
ed by ulcerative disease outbreaks accompanied
by severe hemorrhages of the body surface. This
disease is also known as red pest for European
eel Anguilla anguilla, red disease for Japanese
eel A. japonica (Hoshina, 1962), red disease for
carp Cyprinus carpio or red sore for largemouth
bass Micropterus salmonides (Huizinga et al.,
1979). Having in mind different kind of fishes
fell sick by the same disease, it is not so strange
that there are some contradictions in clinical and
pathomorphological signs described by some au-
thors in different fish species (Miyazaki and Ku-
bota, 1977; Miyazaki and Jo, 1985; Miyazaki and
Kaige, 1985; Azad et al., 2001; Alagappan et al.,
2009; Yardimci and Aydin, 2011). This infec-
tious disease is also known to reduce catfish pro-
duction by nearly 10% every year and is consid-
ered to be one of the common diseases account-
ing for the decrease of fish production (Alagap-
pan et al.,, 2009). In humans, Aeromonas hy-
drophila infection has been associated with gas-
troenteritis and localized wound infection, espe-
cially in individuals who have an immune defi-
ciency (Nemetz and Shotts, 1993) and therefore
is of the primary concern for public health.

Having in mind the mentioned above contradic-
tions in clinical and pathomorphological signs in
different fish species as described by some au-
thors and the reduced fish production, which can
be provoked by this disease, in addition to signif-
icant health problems in humans, our objectives
in this study were to clarify whether there are
some differences in clinical and pathomorpholog-
ical findings of this particular disease in carp as
provoked by different strains of Aeromonas hy-
drophila and the possible contamination of fish
produce with the same pathogen.

Materials and Methods

Experimental strains

Two of the Aeromonas hydrophila strains were
isolated from the field, whereas the other was a
referent strain. One of the field strains was isolat-
ed from a silver carp with marked signs of septi-
caemia, whereas the other strain was isolated
from a dead anaconda. These strains were pro-
vided by the National Reference Lab on Fish,
Marine Molluscs and Crustacean Diseases (Sofia,
Bulgaria). The reference A. hydrophila (ATCC
7965) strain was purchased from the National
Bank for Industrial Microorganisms and Cell
Cultures (Sofia, Bulgaria). All strains exhibited
B-haemolytic activity. The strains were activated
18 hours prior to the experiment by inoculation in
soybean casein broth (CASO broth, Merck), in-
cubated at 30 °C for replication to a density of
~10°. From initial cultures, a series of 10-fold di-
lutions were performed in Maximum Recovery
Diluent (MRD, Merck) in order to obtain bacteri-
al concentrations of 10%, 107, 10%and 10~ which
were further used for experimental intraperitoneal
infection of experimental carps.

Experimental design

An experiment was performed with 2-year-old
carps, weighing from 850 to 1200 g and infected
with 3 different Aeromonas hydrophila strains.
The carps were divided in three experimental and
one control group of 12 fishes each. Each carp
was also marked and injected intraperitoneally
with 0.5 mL of the respective bacterial culture
dilution as described above. A total three fish
were inoculated with each dilution. The injected
carps were released into 4 separate tanks contain-
ing 800 | water each, where a constant aeration
was maintained and a part of the water was also
changed each day. The carps were monitored
over a period of 10 days for possible changes in
their behaviour, mortalities and visible pathologi-
cal changes. After that period, fish were percus-
sive stunned according to Ordinance N
15/3.02.2006 about minimum requirements for
the protection and welfare of experimental ani-
mals, and then a sample was obtained from the
heart via a sterile needle for bacteriological ex-
amination as per Compendium of Methods for
the Microbiological Examination of Foods (Pa-
lumbo et al., 2001) by means of blood inocula-
tion onto selective medium for Aeromonas spp.
(GSP agar, Merck). The experimental carps were
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killed by destroying of cerebrum before regaining
consciousness according to the mentioned above
minimum requirements for the protection and
welfare of experimental animals. The spleen and
kidney were aseptically removed, and inocula-
tions were made using the same selective medi-
um as described above. Gross pathological exam-
ination was performed, and specimens for
pathomorphological studies were collected from
the spleen, kidney, hepatopancreas, intestine and
hearth and fixed in 10% neutral buffered forma-
lin. The fixed tissues were processed for paraffin
embedding, sectioned at 6 um and stained with
haematoxylin-eosin.

The study protocol of this experiment was ap-
proved by the Trakia University Animal Care
Ethic Committee as required.

Results and Discussion

Microbiological investigations revealed that the
original Aeromonas strains were re-isolated from
all investigated samples of the fishes infected
with the respective strains. There were no cases
of death within the 10-day period of monitoring
in the infected fishes from all groups. No signifi-
cant change in the fish behaviour such as anorex-
ia or the way of swimming was noticed. Only
swimming closer to water surface was seen in
some fishes from all experimental groups.

Experimental fishes infected with Aeromonas
hydrophila isolated from anaconda

The external examination of experimental fishes
after the 10-day period showed a lot of haemor-
rhages, particularly on the ventral surface of the
body and in the anal region, especially in carps
injected with the highest levels of this pathogen.

In the intestine, there were degenerative changes
and desquamation of epithelial cells of intestinal
mucosa. Partial necrosis and desquamation was
also observed in the villi which corresponded to
desquamative catarrh in the intestine. The same
was accompanied by bacterial invasions in the
epithelium, tunica propria or submucosa and was
most obvious and pronounced in fishes exposed
to higher microbial density via the intraperitoneal
infection. A hypersecretion of Goblet cells was
also observed.

In the hearth, there was slight intermuscular
edema, small hemorrhages and irregular staining
of some myofibrils due to their increased aci-

dophily. Some lytic changes, cloudy swelling,
slight to moderate granular degeneration or vacu-
olation were also observed in part of myofibrils
(Figure 1).

In the liver, there was moderate to strong granu-
lar degeneration or vacuolation of hepatocytes
(Figure 2) accompanied with extensive deposi-
tion of hemosiderin in hepatocytes or macro-
phages.

In the kidneys, there was moderate to strong
granular and/or hyaline droplet degeneration, ne-
crosis and desquamation of tubular epithelium
(Figure 3). Cellular debris and/or hyaline casts
were seen in some tubules. Some nuclei of tubu-
lar epithelium showed pyknotic changes and
there was deposition of hemosiderin in the epi-
thelial cells of tubules and an increased quantity
of hemosiderin-laden macrophages in the hema-
topoietic tissues. Sinusoids of the peritubular
hematopoietic tissue were congested and some
hemorrhages were also evident in the renal inter-
stitium.

In the spleen, there was an extensive deposition
of hematoidin crystals and a lot of hemosiderin-
laden macrophages in the pulp.

Experimental fishes infected with Aeromonas
hydrophila isolated from a silver carp

A few haemorrhages were detected on the ventral
surface of the body and in the anal region, espe-
cially in carps injected with the highest levels of
this pathogen.

In the intestine, the degenerative changes and
desquamation of epithelial cells of intestinal mu-
cosa and the partial necrotic changes in the villi
were less pronounced in comparison to those de-
scribed in the carps of previous group (Figure 4).
A Dbacterial invasion in the epithelium, tunica
propria or submucosa was also seen, but the same
was most obvious only in fishes exposed to high-
er microbial density of the diluent used for intra-
peritoneal infection.

In the hearth, there were small hemorrhages and
increased acidophily or irregular staining of some
myofibrils. Slight intermuscular edema and gran-
ular degeneration or vacuolation were also ob-
served in part of myofibrils.



Journal of Aquaculture Engineering and Fisheries Research Stratev et al., 1(4): 191-202 (2015)

Journal abbreviation: J Aquacult Eng Fish Res

Figure 2. Granular degeneration or vacuolation in hepatocytes. Liver. HE. x260.
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Figure 3. Granular degeneration and desquamation of tubular epithelium and hyaline casts in tubular
lumens. Kidney. HE. x260.

Figure 4. Desquamation of epithelial cells of intestinal mucosa and partial necrotic changes in the villi.
Intestine. HE. x100.
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In the liver, there was moderate to strong granu-
lar degeneration or vacuolation of hepatocytes. A
deposition of hemosiderin in hepatocytes or mac-
rophages was also seen.

In the kidneys, there was moderate granular de-
generation and desquamation of tubular epitheli-
um. Some nuclei of tubular epithelium showed
pyknotic changes and there was deposition of
hemosiderin in the epithelial cells of some tu-
bules (Figure 5). An increased quantity of hemo-
siderin-laden macrophages in the hematopoietic
tissues was seen (Figure 5). Hyaline and/or cellu-
lar casts were also observed in the lumens of
some tubules (Figure 6).

In the spleen, there was an extensive deposition
of hematoidin crystals and a lot of hemosiderin-
laden macrophages in the pulp.

Experimental fishes infected with referent
species of Aeromonas hydrophila

A lot of haemorrhages on the ventral surface of
the body and in the anal region were seen, mainly
in carps injected with the highest levels of Aer-
omonas hydrophila.

In the intestine, degenerative changes and des-
quamation of epithelial cells of intestinal mucosa
(desquamative catarrh) were seen in all examined
fishes. Partial necrosis and desquamation was ob-
served in the intestinal villi. Bacterial invasions
in the epithelium, tunica propria or submucosa
were seen in some fishes exposed to higher mi-
crobial density of diluent. Some necrotic foci
with peripheral inflammatory cell infiltration
were also seen in the tunica propria or lamina
muscularis of intestinal mucosa (Figure 7) proba-
bly because of bacterial invasion.

In the hearth, there were small hemorrhages
(Figure 8) in addition to lytic changes, slight to
moderate granular degeneration or vacuolation
(Figure 8) in part of myofibrils.

In the liver, there was slight to moderate granular
degeneration or vacuolation of hepatocytes ac-
companied with deposition of hemosiderin in
hepatocytes or macrophages.

In the kidneys, there were slight to moderate de-
generative changes and desquamation in the
tubular epithelium in addition to some hyaline
casts in tubular lumens. There was an increased
quantity of hemosiderin-laden macrophages in
the hematopoietic tissues. Many hemorrhages

were also seen in the renal interstitium in addi-
tion to the fibrin/hyaline thrombi in some vessels.

In the spleen, there was an extensive deposition
of hematoidin crystals and a lot of hemosiderin-
laden macrophages in the pulp in addition to
small fibrin/hyaline thrombi in some vessels.

Control fishes

There were no pathomorphological changes in
internal organs and only a slight granular degen-
eration or karyopyknosis was sometimes seen in
a few epithelial cells of kidney tubules and a sin-
gle hyaline drops in their lumens. A slight granu-
lar degeneration was also seen in a few hepato-
cytes in the liver.

The comparison of pathomorphological findings
revealed that the strongest damages were found
in the liver and kidneys, followed by the hearth
and the intestine and only slight damages were
seen in the spleen. As a whole pathological dam-
ages consisted of degenerative changes (cloudy
swelling, granular and/or hyaline droplet degen-
eration or vacuolation) in functional epithelium
in the respective internal organs in addition to the
hyperaemia and haemorrhages in their interstitial
tissues.

Pathological damages in internal organs were
more pronounced and stronger in experimental
fishes exposed to higher levels of the respective
pathogens, which was achieved by higher micro-
bial density of diluent injected intraperitoneally
(especially at levels 10° cfu/cm®). LDso for Aer-
omonas hydrophila usually range between 0.3 x
10 #96 cell/fish in carps (Alsaphar and Al-Faragi,
2012) and 10 ®** cell/fish in tilapia (Azad et al.,
2001) after intramuscular injection up to 6.66 x
10" cells/ mL in matrinxd Brycon amazonicus
after intraperitonel injection of 0.1 mL suspen-
sion (Oliveira et al., 2011).

Similar pathological damages and increased mor-
tality in Walking Catfish infected intraperitone-
ally with Aeromonas hydrophila were also re-
ported by Angka (1990), where the pathomorpho-
logical changes were more pronounced in cat-
fishes infected with higher levels of bacteria (10’
cfu/mL) compared to those infected with lower
levels of the same bacteria. According to the
same author the catfishes injected intraperitone-
ally with such low levels of bacteria as 0.1 mL of
a suspension containing 10° cfu/mL of Aer-
omonas hydrophila did not cause significant dis-
ease in the catfish.
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Figure 5. Pyknotic changes and/or deposition of hemosiderin in the epithelial cells of some tubules and
macrophages. Kidney. HE, x260

P._‘

Figure 6. Hyaline casts in the lumens of some tubules and hemosiderin-laden macrophages in the
hematopoietic tissues. Kidney. HE. x260
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Figure 7. Necrotic foci with peripheral inflammatory cell infiltration in the tunica propria or lamina
muscularis of intestinal mucosa. Intestine. HE. X260

Figure 8. Small hemorrhages and slight granular degeneration or vacuolation in part of myofibrils.
Hearth. HE. x300
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Similar study with Tilapia showed that experi-
mental intramuscular infection with Aeromonas
hydrophila at levels of 107 cfu/fish produced
characteristic ulceration leading to open wounds,
focal necrosis or vacuolation of hepatocytes,
congestion of hepatic sinuses and haemorrhages
in the liver, degenerative changes and necrosis of
tubular epithelium of kidneys as well as degener-
ative changes in intestinal epithelium, erosion
and sloughing of intestinal microvili (Azad et al.,
2001). The infection with higher levels of the
same bacteria often provoked the death of some
fishes (Azad et al., 2001).

Comparing the pathogenicity of the both isolated
bacteria with the referent strain of Aeromonas
hydrophila we can conclude that the intensity of
pathological damages observed in the present
study was a little higher in carps infected with
Aeromonas hydrophila isolated from anaconda,
followed by carps infected with referent strain of
Aeromonas hydrophila and a less intensity of
pathological damages was seen in carps infected
with Aeromonas hydrophila isolated from a silver
carp. In the fishes infected with the strain isolated
from anaconda or the referent strain there were
strong damages in blood vessels as hyperaemia
and haemorrhages (mainly in kidneys and hearth)
in addition to degenerative changes in various in-
ternal organs.

As a whole our experimental investigations sup-
port those made by some other authors (Yardimci
and Aydin, 2011; Angka, 1990; Alagappan et al.,
2009; Miyazaki and Kaige, 1985) in various
kinds of fishes as Tilapia, Walking Catfish, Estu-
arine Cattfish, Crucian Carp, etc, infected intra-
peritoneally with Aeromonas hydrophila or those
of spontaneous cases of this infection (Miyazaki
and Jo, 1985). In mentioned above reports there
were similar or even stronger degenerative or ne-
crotic changes and haemorrhages in internal or-
gans (liver, kidneys, hearth, spleen, intestine) as
compared to our study, in addition to some
haemorrhages or ulcers/erosions on the skin sur-
face (Azad et al., 2001; Angka, 1990; Miyazaki
and Jo, 1985; Miyazaki and Kaige, 1985), haem-
orrhages or ulcers/erosions around pectoral fins,
tail and anus (Alagappan et al., 2009; Miyazaki
and Jo, 1985), accumulation of red-coloured as-
citic fluid (Miyazaki and Kaige, 1985), erosive
cornea, separated retina, haemorrhages and ne-
croses in the conjunctiva, exophthalmia (Re-
hulka, 2002; Miyazaki and Jo, 1985). Other au-
thors reported about increased mortality and

more intensive pathological damages in Nile ti-
lapia or Walking Catfish infected with
Aeromonas hydrophila (Yambot and Inglis,
1994; Rodriguez et al., 1992; Angka, 1990), or in
Crucian Carp (Miyazaki and Kaige, 1985) and
Rainbow Trout (Rehulka, 2002) infected with the
same bacterium.

Systemic infections in fishes with Aeromonas
hydrophila were characterized by diffuse necrosis
in several internal organs and the presence of
melanin-containing macrophages in the blood
(Ventura and Grizzle, 1988). The kidneys and
liver are target organs in acute septicaecmia which
are apparently attacked by bacterial toxins and
therefore lose their structural integrity (Afifi et
al., 2000; Huizinga et al., 1979). The reason of
degenerative changes and necrosis in the liver
was reported to be associated with various endo-
toxins and extracellular products such as hemoly-
sin, protease, elastase produced by Aeromonas
hydrophila (Afifi et al, 2000; Kanai and
Wakahayashi, 1984; Nieto et al., 1991; Angka,
1990; Rodriguez et al., 1992). The pronounced
destructive changes in the skin and muscles fol-
lowed by focal ulceration of the skin and vascular
damages are usually attributed to hemolysin and
protease activity of Aeromonas hydrophila,
which possess also ability to adhere to cells
(Azad et al., 2001; Wakayabashi et al., 1981;
Kanai and Wakayabashi, 1984). The bacterial en-
zyme elastase could also contribute significantly
to vascular damages (Wakayabashi et al., 1981)
resulting in hemorrhages because blood vessels
are mainly composed of elastic and collagenous
fibers (Miyazaki and Kubota, 1977).

Huizinga et al. (1979) reported that focal haemor-
rhages and dermal lesions or ulcers were ob-
served in chronic aeromonad infection, whereas
the target organs in acute septicaemia were liver
and kidneys. That could explain the mildness of
the skin lesions and the pronounced damages in
the liver and kidneys seen in our short duration
follow up study. In addition, the intraperitoneal
way of infection of fishes could contribute to in-
tensive pathological changes in internal organs
and less damages in the skin and muscles, be-
cause of ensuring a direct contact of this bacte-
rium with visceral organs. On the other hand,
stronger damages on the skin and muscles are
usually reported in fishes infected via intramus-
cular injections (Yardimci and Aydin, 2011; Erer,
1981). However, the bacterial virulence in fishes
intraperitoneally injected is always higher than in
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fishes intramuscularly injected with this bacte-
rium (Erer, 1981; Miyazaki and Kaige, 1985).

For increased amounts of hemosiderin-laden
macrophages or epithelial cells in the liver, kid-
neys and spleen in Aeromonas hydrophila infec-
tion in fishes reported some other authors
(Ventura and Grizzle, 1988; Miyazaki and Kaige,
1985). As a rule, the infections with strong -
hemolytic strains of Aeromonas hydrophila usu-
ally cause stronger deposition of hematoidin
crystals and increase of hemosiderin-laden cells
in various internal organs (Miyazaki and Kaige,
1985).

Similar degenerative changes, including hyaline
droplet degeneration in tubular epithelium of
kidneys in Aeromonas hydrophila infection in
Crucian Carp were reported by some other au-
thors (Miyazaki and Kaige, 1985). There are also
some reports for focal interstitial hemorrhages,
lymphocyte infiltration, appearance of hemo-
siderin-laden macrophages and aggregation of
melanomacrophage centres in the renal interstiti-
um seen in other fishes infected with the same
pathogen (Erer, 1981; Azad et al., 2001).

Other authors (Huizinga et al., 1979) reported
that no lesions were observed in hearth and
spleen in the acute cases of Aeromonas hydrophi-
la infection in fishes and mainly diffuse tissue
necrosis of liver and kidneys were present, which
was also confirmed in the present study.

Although it is known that Aeromonas hydrophila
has much notoriety as pathogen of fish it is im-
portant to mention that aeromonad bacteria are
common inhabitant of aquatic environments and
compose part of the normal intestinal or skin mi-
croflora of healthy fish (Lallier and Daigneault,
1984; Dooley et al., 1986; Yardimci and Aydin,
2011). That’s why, the presence of these bacteria,
by itself, in the intestines or skin of fishes, is not
indicative of disease. Although this bacterium
behaves as a secondary invader (Roberts, 1978)
and the infection only occurs under various pre-
disposing conditions, Aeromonas hydrophila is
considered to be one of the most dangerous and
widespread pathogens of freshwater fishes and
the most important causative agent of the out-
breaks of Bacterial hemorrhagic septicaemia in
fishes (Austin B. and Austin D., 1993), known
also as red pest or red disease (Hoshina, 1962).

According to some authors (Khalil and Mansour,
1997; Trust et al., 1974) various stressors as ab-
rupt temperature change, handling, crowding, in-

adequate feed and oxygen are known to be the
predisposing factors which contribute significant-
ly to the infection of Aeromonas hydrophila,
which is considered to be a real secondary infec-
tion in most of the fishes.

Aeromonas hydrophila is often associated with
human disease (Hazen et al., 1978), which con-
tributes further to the particular attention given to
this bacterium. On the other hand, Aeromonas
hydrophila is not generally considered to be a
marine bacterium, but it could be found naturally
in marine systems which interface with fresh wa-
ter and therefore has a comparatively wide
spreading. Having in mind the strong adherence
of this bacterium to intestine and skin followed
by invasion of the liver, spleen, muscle and gills
of fishes (Horne and Baxendale, 1983; Kanno et
al., 1989) in addition to its involving in gastroin-
testinal diseases and localized wound infection in
humans, its recognition via some typical pato-
morphological damages could additionally con-
tributes to timely diagnosis of this disease.

Conclusions

This study clearly shows that typical histopatho-
logical alterations seen in the functional epitheli-
um of liver and kidneys, followed by intestine
and hearth alterations and various haemorrhages
in interstitial tissues of visceral organs, in addi-
tion to some target skin damages are good bi-
omarkers for field assessment of that disease.
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