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ABSTRACT

This research aimed to study the pathogenesis of Aeromonas hydrophila infection through two different
routes of infection in African catfish and to find out the involvement of TNF- in response to the infection.
The experimental infection model was performed by clipping the caudal fin and immersing the fish in a
medium with A. hydrophila and by intramuscular injection. Total plate count were used to investigate total
and the distribution of A. hydrophila in the organs and TNF- were observed using immunohistochemistry.
The results showed that the two types of infection were able to show typical A. hydrophila symptoms in
experimental fish. Histological observation indicated that the two types of experimental infection resulted
in systemic aeromoniasis infection. Total bacterial count results showed that A. hydrophila were detected
three hours post-infection (hpi) in all organs, except for the kidney, in which detection started since hour
0, both in control and challenge fish. TNF- were detected in all experimental fish and influenced by the
number of bacteria, the function and tissue structure of the organs. It can be concluded that artificial
infection by clipping the caudal fin of Clarias gariepinus and immersing the fish in a medium with active
A. hydrophila isolates cause systemic aeromoniasis infection in organs. Acute infection with Aeromonas
hydrophila causes an increase in TNF- production.
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INTRODUCTION

Increased production in catfish (Clarias gariepinus)
farming is encouraged to meet the increasing food
needs of the community, but this is often inhibited
by several factors, one of which is the disease. The
economic loss due to this disease is worth one bil-
lion US dollars every year (Assefa & Abunna, 2018).
One of the opportunistic bacteria attacking aquacul-
ture is Aeromonas hydrophila, which is responsible for
motile aeromonas septicemia (MAS). A. hydrophila
causes a high level of mortality in aquaculture across
the world and wide spread economic losses (Jiang et
al., 2017), including in catfish farming. In the United
States, it was reported that the economic loss caused
to catfish aquaculture by MAS epidemic attack stood
around $60-70 million (Shoemaker et al., 2018).

The MAS disease generally spreads horizontally
through direct contact with the water or diseased
fish, aquaculture intensification with high stocking
density, and lowered water quality, stress will increas-
ing the risk of A. hydrophila infection. Wounds due
to abrasion between fish in aquaculture with high
stocking density or incorrect handlings may open up
a gateway for pathogens to enter the body, spread,
and cause septicemia (Zhang et al., 2016). An artifi-
cial infection model that mimics natural infection
involving bath in water medium and making artificial
wounds on the fish body provides information on
the factors that can increase susceptibility to
A. hydrophila infection (Zhang et al., 2016).

Variations in the pathogen entrance portal such
as skin lesion, gastro intestinal tract, or injection
will have a role in the differences in pathogenesis.
Information on pathogenesis in infections resembling
natural infections or infections with pathogen injec-
tion into the fish body will be useful in disease con-
trol, especially for rapid detection, treatment, and
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prevention. Proper handling of A. hydrophila infec-
tion will prevent high mortality rates, use of chemi-
cals that may harm the environment, and residue that
may influence the quality of fishery products.

One of the components of the innate immune
system involved in pathogenic infections is the pro
inflammatory cytokine tumor necrosis factor alpha
(TNF-)  which is both antimicrobial and
immunomodulatory (Hong et al., 2013; Zhang et al.,
2012; Kadowaki et al., 2009; Roca et al., 2008). TNF-
has a role as a mediator in the resistance to para-
sitic, bacterial, and viral diseases (Czarniecki, 1993;
Wellmer et al., 2001). The knowledge of the cellular
composition and production of cytokines along with
histological analysis may be helpful in the understand-
ing of pathogenic mechanism, immune evasion, and
determination of appropriate artificial infection model
and test animals, thereby allowing clear understand-
ing of the detailed mechanism in A. hydrophila patho-
genesis. Such information will eventually facilitate
development of vaccines and therapeutic drugs for
A. hydrophila infection in catfish aquaculture (Nya &
Austin, 2011). Immunohistochemical assays can give
information on the distribution of the immune
system’s effector cells in tissue after a bacterial in-
fection and its relation to clinical symptoms, patho-
logic changes in tissue, and distribution of bacterial
cells after infection that is important to know. The
aim of this research was to study the pathogenesis
of A. hydrophila infection through two different patho-
gen entrance points and to detect the kinetics of a
TNF--expressing leucocyte population in catfish.

MATERIALS AND METHODS

Fish and Experimental Condition

A total of 660 catfish, Clarias gariepinus 11.81 ±
0.47 cm and 9.87 ± 0.22 g in measure were obtained
from a fish farmer in West Java. The fish were reared
for two weeks prior to being used in testing and
acclimatized for two weeks in a controlled tank (tem-
perature 28.56°C ± 0.27°C, pH 7.46 ± 0.11, and dis-
solved oxygen 5.92 ± 0.41 mg L”1). Every week, the
water was changed at 30% and syphoning was per-
formed to remove the food residue and dropping.
Koch’s postulate test was performed on the isolate
to confirm the disease role and conducting pathoge-
nicity test.

Bacteriology

A. hydrophila (MH3), was obtained from collection
of the Freshwater Aquaculture and Fisheries Exten-
sion, Depok, BRPBATPP, Sempur, Indonesia. Bacterial

culture was performed on tryptic soy agar (TSA) me-
dium for an incubation time of 24 hours, from which
a separated colony was then extracted to be grown
in 10 L of liquid medium (tryptic soy broth/TSB). The
A. hydrophila culture in the liquid medium was incu-
bated in an incubator shaker for 24 hours at room
temperature. The culture was then washed three
times in saline by centrifugation at 4,000 rpm for 10
minutes.

A. hydrophila Experimental Infection

The experimental fish were assigned into four
groups, each consisting of 24 fish, and replication
was performed three times. Artificial infection was
conducted in two ways. First, it followed the modi-
fied procedure developed by Zhang et al. (2016) and
Reimchen & Temple (2004). This infection method
was performed by making uniform wounds by clip-
ping ± 80%-85% of the caudal fin. After the clipping
of the caudal fin by a pair of scissors, the fish were
assigned into two groups. In group A, the fish were
immersed in water medium with active A. hydrophila
isolates at 2 x 106 cfu/mL in TSB for two hours. In
group B, the fish were immersed in water medium
without addition of A. hydrophila isolates for two
hours. The second method of artificial infection was
intramuscular (IM) injection of 0.1 x 108 cfu/mL active
A. hydrophila isolates (group C). In control group, fish
injected with 0.1 mL of sterile PBS.

Clinical symptoms were observed each day, the
organs of three experimental fish i.e kidney, liver,
intestine, muscle, and spleen were collected at 3, 6,
24, 48, and 96 hours post-infection (hpi). Sampling
was carried out randomly in both fish with obviuos
clinical symptoms and fish without any specific clini-
cal symptoms. Total plate count assay (Madigan et al.,
2011) and serial dilution was performed according to
the experiment dosage.

Histology

Tissues were fixed in 4% buffered paraformalde-
hyde for 3 x 24 hours before transferring to 70% etha-
nol for histopathologic and immunohistochemical
preparation. Fixed tissues were carried out by rou-
tine histological processing and embedded in paraf-
fin wax. Sections of 5 m were deparaffinized, stained
with standard method of Mayer’s Haematoxylin and
Eosin (H&E). The severity of infection was determined
by the score of pathological abnormalities of A.
hydrophila infection based on Grizzel & Kiryu (1993)
(Table 1). Histopathological examinations by using
light microscope (Olympus Life Science) with x40-100
magnifications.
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Immunohistochemistry
Primary antibodies for immunohistochemical as-

say to detect the protein signal of TNF- in tissue
section was rabbit polyclonal anti TNF- antibody
(dilution 1:600) (Abcam, UK). Immunohistochemical
protocols based on Adam & De Mateo (1994), and
Coscelli et al. (2016) with modification. Tissue sec-
tions were dewaxed in xylene and rehydrated through
graded alcohol. The deparaffinized tissue section were
incubate with 3% H

2
O

2
 in ethanol for 30 minutes. The

tissues were incubated in 0.2% tripsin in CaCl
2
 for

120 minutes at room temperature for antigen re-
trieval. After that, sections were incubated with 10%
normal serum in 30 minutes at 37°C for non-specific

protein blocking. The sections were incubated with
the primary antibody all night long at 4°C; then, the
sections were incubated with anti-rabbit biotinylated
antibody as secondary antibody, for 30 minutes at
37°C. And then, re-incubated with streptavidin-horse-
radish peroxidase. Every turn of stage, rinsing with
PBS was performed three times. Between different
steps, slides were washed with 10 mM phosphate-
buffered saline (PBS) 0.5% Tween 20, pH 7.4, in three
successive washes of five minutes. Immunostaining
was performed with diaminobenzidine (DAB) chro-
mogenic substrate kit. In the staining test using DAB,
the result would be declared positive (+) if from
microscopy a brownish color was observed.

Table 1. Level of severity in the kidney, liver, spleen, muscle, and intestine infected by
A. hydrophila (Modified from Grizzle & Kiryu, 1993)

Level of severity Description Diagnosis

0 No necrosis; cells appear normal

1

Necrotic cells rarely occur, and if there are 
any, they spread; there are some 

lymphocytes (10 locations); there is a little 
change in the sizes of the cell nuclei (a 

minimum of 6 cell nuclei); the atrophic cell 
quantity increases: 10 cells (5 cells in each 

of 2 fields).

Limited infection of wounds on the skin 
and in the muscle showing an early 

symptom or the fish’s resistance to the 
infection

2

Monofocal necrotic cells are widespread; 
the central venous sinus appears widened 

due to mild swallowing; lymphocyte/ 
macrophage count increases, appearing 
evenly spread; whole cell count and cell 
thickness from 10 visual fields start to 

decrease; cell nuclei appear to change in 
size (a minimum of 6 cell nuclei); the 

atrophic cell quantity increases: 10 cells (5 
cells in each of 2 visual fields); macrophages 

are filled with melanosomes.

Latent infection toward systemic 
aeromoniasis infection

3

There are extensive, multifocal necrotic 
cells; the central venous sinus is widened 

significantly due to swallowing/ 
inflammation; lymphocyte/macrophage 

count is very high; whole cell count and cell 
thickness significantly decrease; there is a 

significant change in cell nuclei (a minimum 
of cell nuclei); the atrophic cell quantity 

increases: more than 10 cells (more than 5 
cells for each of two visual fields); the 
number of macrophages filled with 

melanosome increases; cells appear to 
undergo hyperplasia; cell nuclei appear 

enlarged significantly

Systemic aeromoniasis infection 
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Qualitative and quantitative analysis of TNF- in
tissue following the previously procedure describe
by Coscelli et al. (2016) and Ronza et al. (2015). Ob-
servation was conducted using a light microscope
(Olympus Life Science) with x40-100 magnifications.
The number of positive cells was counted in all im-
ages using imaging software Image J.

Statistical Analysis

The non-parametric Mann-Whitney U test (MW)
was used to evaluate the difference between infected
and non-infected fish group at each sampling point,
and difference between sampling points within each
experimental group were compared using the Kruskal-
Wallis H test (KW) followed by Dunn test. Analyses
were performed using the statistical software pack-
age IBM SPSS Statistics 20 (SPSS Inc.). The accepted
level of significance for the test was < 0.05.

RESULTS AND DISCUSSION

Clinical and Macroscopical Findings

In group with PBS steril injection, fish fed nor-
mally and no clinical signs or mortality was observed
during the experiment period same as group of clipped
at caudal fins without immersed A. hydrophila iso-
late, no inflammation around the clipped caudal fin
regions and did not exhibit significant symptomatic
differences (Figure 1a). In contrast, after experimen-
tal infection of A. hydrophila fish showed inflamma-
tory responses and continued to exhibit abnormal
swimming behavior and food intake both clipped cau-
dal fins with emersion and IM-injection treatment.
Fish developed hemorrhages and muscular lesions
around the clipped caudal fins in bath group (Figure
1b). Infected group with IM-injection, hemorrhages
and muscular lesions were observed at the injection
sites (Figure 1c). Mortality started at 24 hpi in both

of infected group and reached a cumulative mortality
of 47.77% and 51.11% at 72 hpi in groups of
A. hydrophila bath infection and IM-injection, respec-
tively (Figure 2). Both of infected fish exhibit abnor-
malities such tender and yellowish liver, pale, and
swollen spleen and haemorrhage in kidney.

The results of this study indicate that experimen-
tal infection of catfish by clipping the caudal fin of C.
gariepinus and immersing the fish in a medium with
active A. hydrophila isolates can cause A. hydrophila
infection such as infection by IM-injection. Experi-
mental infection by such method is considered simi-
lar to natural infection. Clipping the caudal fin induces
stress that predisposes the fish to infection (Zhang
et al., 2016). Furthermore, clipping the caudal fin is a
method of making uniform wounds as the entrance
points of pathogens as with the water-borne patho-
gen route in natural infections (Zhang et al., 2016).

The clinical symptom of the A. hydrophila experi-
mental infection in C. gariepinus that were infected
both through artificial wounds and through IM-injec-
tion was alike to the clinical symptom of A. hydrophila
stated by Hal & El Barbary (2020) and Janda & Abbott
(2010). Some factors reported to have caused an in-
crease of A. hydrophila pathogenicity are long term
incubation, bacterial concentration, and environmen-
tal factors such as water quality and temperature
(Yambot, 1998). Other factors are feed residue, low
salinity, the presence of A. hydrophila carrier such as
bacterium-contaminated feed (Doukas et al., 1998).

Total Bacteria Count

Total bacterial count (TPC) of A. hydrophila in liver,
kidney, spleen, intestine and muscle can be seen in
Figure 2. Based on the results, total bacteria in or-
gans of the infected fish with bath treatment of
A. hydrophila and IM-injection yielded significantly

Figure 1. Healthy catfish (a); necropsy on healthy fish (b); fish muscular lesions in the
immersion treatment with infection of A. hydrophila (c); fish muscular lesions in
the IM-injection treatment (d); necropsy on diseased fish showing paler livers
and kidneys and reddened intestines and spleens (e).

a b c d e
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different bacterial counts than the bath treatment
without A. hydrophila and PBS streril injection. There
are no significant differences between of infected
group of IM injection and bath infection. The high-
est bacterial count in the liver was seen in the bath
treatment at 24 hpi at 8.4 ± 0.13 log 10 CFU mL-1,
from which point it went down at 48 hpi (6.84 ± 0.3
log 10 CFU mL-1) and further down at 96 hpi (6.31 ±
0.1 log 10 CFU mL-1). A. hydrophila were seen increas-
ing significantly at 6 hpi (7.88 ± 0.28 log 10 CFU mL-

1) in group of IM-injection (Figure 2a). The highest
bacterial count in kidney for bath treatment was seen
at 12 hpi (10.61 ± 0.58 log 10 CFU mL-1). As for the
A. hydrophila count in the kidney of the IM-injected
fish, the highest was at 3 hpi (9.79 ± 0.72 log 10

CFU mL-1) and the second highest was at 96 hpi (7.69
± 0.76 log 10 CFU mL-1) (Figure 2b).

A. hydrophila in the muscle was found at 0 hpi in
immersed group with infection. In challenge fish with
IM-injection group, A. hydrophila were found at three
through 96 hpi (Figure 2c). The A. hydrophila in the
intestine was found the highest at 12 hpi in both
group immersed with infection (8.31 ± 0.11 log 10
CFU mL-1) and the group of IM-injection (7.48 ± 0.82
log 10 CFU mL-1) (Figure 2d). Meanwhile in spleen,
the highest A. hydrophila count was found at 48 hpi
both in group of immersed with infection (9.22 ±
0.98 log 10 CFU mL-1) and in group of IM-injection
active A. hydrophila isolate 6.26 ± 0.49 log 10 CFU

Figure 2. TPC assays of several organs (Different letters in the same pattern show a significant
difference (P<0.05)).

Note: Immersion with A. hydrophila infection (A); immersion without A. hydrophila infection (B);  A. hydrophila
IM-injection (C); PBS steril injection (D)
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mL-1 (Figure 2e). In group of immersed without in-
fection and PBS steril injection A. hydrophila were
not found.

The total bacterial count showed that A. hydrophila
found in several organs in 0 hour. Yardimci & Aydin
(2011) state that although A. hydrophila has been
known to be a fish pathogen, this bacterium is also
part of normal microflora in healthy fish, so its natu-
ral presence does not necessarily indicate disease.

Histology

The histological observation on the kidney, liver,
spleen, muscle, and intestine of all infected group
showed that pathological changes in the organs
started at 6 hpi, marked with bleeding and inflamma-
tory cell infiltration. Pathological changes in kidney
at 24 hpi shows that congestion mostly in major blood
vessels, and necrosis, which was marked with mono-
nuclear inflammatory cell infiltration in the multifo-
cal areas of the parenchyma. An aggregates of highly
pigmented phagocytes (melanomacrophage centers
or MMCs) in the parenchym that was filled with he-
mosiderin, lipofuscin, and ceroid appeared regularly
at 48 hpi (Figure 3b). Pathological changes in the liv-
ers and spleen appeared at 24 hpi. In the liver, most

hepatocytes seemed degraded with a congestion of
the major blood vessel in the parenchyma (Figure 3d),
while in the spleen MMCs were seen regularly in the
parenchyma (Figure 3f). Observation on the muscle
revealed that there was mononuclear inflammatory
cell infiltration in the multifocal areas of the epider-
mis (Figure 3h), while observation on the intestine
revealed that there was mononuclear inflammatory
cell infiltration in the multifocal areas of the mucosa
(Figure 3j). In observation at 96 hpi, there were a lot
of Gram-negative bacteria spread on the serosal sur-
face of the body cavity, parenchyma, and blood ves-
sels, especially in the kidney.

The parameter level of severity based on Grizzel
& Kiryu (1993) showed that infection with bath treat-
ment caused systemic aeromoniasis infection (score
3) commenced at 24 hpi in the liver, kidney, muscle,
and intestine, but in spleen it started at 48 hpi as
same as in IM-injection method. In the non-infected
caudal-fin-clipped fish, the level of severity stood at
score 3, with limited wound infection on the skin
and the muscle at 24 hpi and 48 hpi. Histological find-
ings on the uninfected fish did not any show patho-
logical changes, with a score of 0 (Figure 4). Exten-
sive necrotic changes related to bacterial colonies

Figure 3. HE stainingin several organs of experimental fish. Kidney of the uninfected fish
(a); kidney of the infected fish (b); the liver of the uninfected fish (c); the liver of
the infected fish (d); the spleen of the uninfected fish (e); the spleen of the
infected fish (f); the muscle of the uninfected fish (g); the muscle of the in-
fected fish (h); the intestine of the uninfected fish (i); the intestine of the
infected fish (j); x400 magnification, bar: 20 m.
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especially occurred in the kidney of the infected fish.
Less extensively seen in the liver, spleen, intestine,
and muscle. The uninfected group, no lesions were
detected in the tissue.

TNA- Visualisation and Distribution

TNF- was detected all over the organ examined
in immunohistochemical staining. TNF- was de-
tected in the cytoplasm, showing a morphology typi-
cal to monocytes/macrophages (Figure 5c), both in
the infected group and in the uninfected group.
TNF- were seen secreted in the parenchyma tissue
and intravascularly. Inflammatory cell infiltration as

leucocytes was seen abundant in the parenchyma tis-
sue of the spleen and kidney. The difference in the
number of TNF- producing cells (expressed as mean
± SD) between the two groups was significantly dif-
ferent in all samples, immunoreactive cells in the in-
fected group compared with the uninfected group
were observed at 6, 24, 48, and 96 hpi (Figure 6).

TNF- was detected in the liver of the infected
group at the 6 hpi which was significantly different
from the uninfected group, and the highest produc-
tion of TNF- occurred at 24 hpi in the infected
group with IM-injected (Figure 6a). In the kidney, the
highest TNF production was detected at 24 hpi in

Figure 4. Scoring of the severity level of A. hydrophila infection in the organs in each treatment.

Note: Immersed with A. hydrophila infection (A); immersed without A. hydrophila infection (B); A. hydrophila
IM-injection (C); PBS steril injection (D)
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group by intramuscular injection which was not sig-
nificantly different from the group infected by the
immersed method but significantly different from the
non-infected caudal-fin-clipped fish and the PBS ster-
ile injection group (Figure 6b). The highest TNF-
concentration in the intestine was seen at 48 hpi in
group of intramuscularly injected with active A.
hydrophila isolate (Figure 6c). Similarly in the muscle,
the highest TNF- count was observed at 48 hpi in
the IM-injected group (Figure 6d). The highest TNF-
 concentration occurred at 96 hpi in spleen and
showing a significant difference with uninfected
group (Figure 6e). No significant difference was found
at the sampling time in the uninfected group. Reac-
tivity to TNF- antigens in MMCs in the spleens at
96 hpi showed that there were lymphocyte-like cells.

As was observed in this research, the TNF- ki-
netics after A. hydrophila infection at the liver, kid-
ney, muscle, intestine, and spleen at some points in

time (Figure 6) was related to the level of lesion se-
verity, and the increased number of A. hydrophila
spread to each organ of the test fish within three
hours after infection, followed by a change in the
degree of pathological lesions. Progression into sys-
tematic Aeromonas infection took place around 24 hpi
to 48 hpi. At the liver, A. hydrophila artificial infec-
tion caused systemic aeromoniasis infection and
manifestation of fibrosis, necrosis, loss of hepato-
cyte wall, and hemosiderin deposit at the livers, in
which case the hepatocytes experienced fairly severe
degeneration. The histological observation by
Al-Yahya et al. (2017) showed that the liver is an or-
gan that suffers fairly severe necrosis, in which case
the hepatocyte arranging at the liver shows some
cells with vacuolation. An explanation for this, ac-
cording to Afifi et al. (2000), is that the toxins and
extracellular products produced by A. hydrophila, such
as haemolysin, protease, and elastase, cause necro-

 

Figure 5. TNA- immunohistochemical staining.

Note: Immunohistochemical (IHC) staining of TNF- in several organs of experimental fish. Kidney of
uninfected fish (a); TNF- in infected kidney, TNF- in the cytoplasm of monocytes (b); TNF- in
cytoplasm (c); liver of uninfected fish (d); TNF- in infected liver (e); liver of uninfected fish (f); TNF-
 in infected spleen (g); muscle of uninfected fish (h); TNF- in muscle (i); intestine of uninfected
fish (j); TNF- in infected intestine (k); magnification 40x (scale bar: 50 µm)
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sis at the liver. The highest bacterial count occurred
at the liver at 24 hpi; at the same hour, the highest
TNF- count was also produced.

The two artificial infection models in this research
caused systemic aeromoniasis infection in the kid-
ney. The highest A. hydrophila count was found at 24
hpi, and at 48 hpi TNF- production was the high-
est. At 96 hpi, the bacterial count decreased, and so
did the TNF- production. As a whole, theTNF-
production in the kidney was the highest among all
the organs observed. Coscelli et al. (2016) say that,

the kidney is a hematopoietic organ, so it contains
and produces a large number of macrophages that
are capable of recognizing bacterial components and
of mediating immune response (Rebl et al., 2007)
(Boehm et al., 2012). Hwang et al. (2014) state that
the kidney is an important source of TNF- during
the early phase of infection, and Rauta et al. (2012)
and Press & Evensen (1999) say it is because the domi-
nant phagocytic activity of the interstitial tissue. Falco
et al. (2012) observed increased TNF- gene expres-
sion in the leucocytes of the kidney of the common

Figure 6. TNF- production in several organs.

Note: Immersed and Ah infected (A); immersed, not Ah-infected (B); Ah IM-injected (C); PBS steril injection (D)
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carp (Cyprinus carpio) and the macrophages of kidney
Atlantic salmon (Salmo salar) infected with A.
salmonicida (Fast et al., 2009). Observation of the kid-
ney of the turbot that was infected with A. salmonicida
showed that this organ suffered the most severe le-
sions in acute infection, which probably was related
to a higher number of TNF- than identified
(Svendsen et al., 1999).

The IM-injection method caused systemic
Aeromonas infection at the muscle at 24 hpi, while
the bath method did at 48 hpi. Although in the clini-
cal symptom observation the muscles underwent vis-
ible lesions, the TNF- production was lower than
that of the livers and the kidneys despite the signifi-
cant increase in the number since 6 hpi in compari-
son to the control. The abundant bacterial count since
6 hpi was probably because muscles were the first
organs exposed to A. hydrophila due to artificial in-
fection and the highest TNF- production in the
muscles peaked at 48 hpi. In the intestines, artificial
infection by IM-injection caused systemic
aeromoniasis infection, while infection by bath
caused latent infection toward systemic aeromoniasis
infection. As is seen in Figure 6, the intestines were
the organs with the lowest TNF- production among
the organs observed. The highest TNF- production
and A. hydrophila count in the intestines appeared at
48 hpi.

TNF- production was particularly rendered by
activated macrophages and a number of antibacterial
mechanisms involved in the innate immune system
during acute bacterial infection (Zhu et al., 2013;
Ishibe et al., 2009; Forlenza et al., 2011). TNF--pro-
ducing cells that demonstrated granulocyte morpho-
logical feature were also identified, particularly in the
blood vessels. This finding is in accordance with the
phagocytic function and capacity of immunocompe-
tent cells. Coscelli et al. (2016) state that in the acute
phase of A. salmonicida infection, monocyte/macroph-
age increase indicates their activation. The increase
of the number of TNF--producing cells showed the
increase of the number of immunoreactive cells in
the experimental fish, indicating that the increase of
TNF- production was a response to bacterial infec-
tion (Coscelli et al., 2016).

The TNF- kinetics in spleens was seen different
from that in other organs, in which case the bacterial
count and level of lesion severity were not directly
followed by TNF- production, which only reached
at 96 hpi. Spleen is a lymphoid organ (Abbas et al.,
2017), received macrophages from the kidneys, and
the response would occur later with time (Coscelli et
al., 2016). Ronza et al. (2013) explain that the mono-
cytic nature of melanomacrophages in spleen of te-

leost fish is immunoreactive to TNF- antigens so
that it’s showing melanomacrophages’ ability to pro-
duce cytokines. In a study that used 10 turbots, only
one expressed TNF- in spleen MMCs at 96 hpi, sug-
gesting that it probably takes strong antigenic stimu-
lations for melanomacrophages to produce TNF-.
This shows its relationship with lymphocyte stimula-
tion and proliferation as well as the commencement
of adaptive responses (Bermúdez et al., 2006). Such a
finding proves that MMCs are involved in the innate
immune response to bacterial infection. MMC is a
structure that is responsible for the degradation,
damage, or aging of the cells of an organism, eryth-
rocytes, and endogenous materials such as
haemosiderin, lipofuscin, and melanin (Agius et al.,
2003; Leknes, 2007).

In the present study, the two artificial infection
models in the C. gariepinus induced an increase of
TNF- production in relation to the increase of bac-
terial count, followed by tissue destruction that
marked the level of A. hydrophila infection at each
organ. The increase of bacterial count was accompa-
nied by the increase of TNF- production, and vice
versa, suggesting that TNF- inhibited A. hydrophila
growth, although this caused pathogenesis promo-
tion. Given the lesion in the tissue and the relation-
ship with sepsis pathogenesis, the increased TNF-
production is not to be overlooked, although it is
not measured in a direct manner. Ronza et al. (2015)
demonstrated the adverse effects of TNF- produc-
tion in the lesion development in the intestines of
turbots that underwent enteromixosis. The rise of
TNF- production was also related to the tissue func-
tional feature of the organ (Coscelli et al. 2016). To
avoid severe tissue damage effects of A. hydrophila
infection in catfish, advanced knowledge of the
expression of other cytokines is deemed necessary
in order to optimize the expression and activity of
TNF-, hence producing beneficial immune response
induction.

CONCLUSION

Artificial infection by clipping the caudal fin of a
C. gariepinus and immersing the fish in a medium with
active A. hydrophila isolates was proven to cause sys-
temic aeromoniasis infection in the liver, kidney, in-
testine, muscle, and spleen with clinical symptoms
and pathological changes as those in artificial infec-
tion by intramuscular injection. Immunohistochemi-
cal staining of TNF- antigens showed that A.
hydrophila acute infection led to TNF- production
increase in infected fish. TNF-detection indicated
that immune response was induced efficiently in the
lesions formed by A. hydrophila infection in catfish. A
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higher rate of bacterial growth at the organ caused a
higher rate of TNF- production, and vice versa,
showing the role of TNF- in the reactivity of the
immune system in A. hydrophila infection in catfish.
The kinetics of TNF- production in the kidney and
spleen was different in the infected fish because the
organ structure and function were different in
responding to bacterial infection.
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