OPEN ACCESS

Journal of Biological Sciences
ISSN 1727-3048
DOI: 10.3923/jbs.2017.222.234

Research Article
Serum Biochemical and Histopathological Changes Associated
with Aeromonas hydrophila Isolated from Oreochromis niloticus
and Sparus aurata with Multiple Antibiotic Resistance Index
Manal Ibrahim El-Barbary
Laboratory of Fish Diseases, National Institute of Oceanography and Fisheries, Egypt

Abstract
Background and Objective: Bacterial pathogens are the causative agents of most serious disease problems in both wild and cultured
fish causing mortalities and severe economic losses. In spring 2016, mass mortality occurred in some fish farms with different salinity levels
in Damietta governorate, Egypt. This study aimed to isolate and characterize pathogenic Aeromonas hydrophila (A. hydrophila) that
naturally infect Oreochromis niloticus (O. niloticus) and Sparus aurata (S. aurata). Materials and Methods: Sixteen presumptive motile

Aeromonas were isolated from samples of liver and kidney of O. niloticus and S. aurata on selective medium. Some isolates were
identified by API 20NE and 16S rRNA, their phenotypes and multiple antibiotic resistance (MAR index); in addition, blood chemistry and
histological changes in the liver, kidney and spleen of O. niloticus were investigated after infection with A. hydrophila. Results: Isolates,
aer114 and aer8 were identified by 16S rRNA and submitted in GenBank under the accession numbers LC208788 and LC208789 and
they exhibited degrees of virulence (71.4 -76.2%) for O. niloticus post intraperitoneal injected which showed significant increase (p<0.05)
in the activity of serum AST and ALT, creatinine and urea levels but significant decreases (p<0.05) in total protein, albumin and globulin
concentrations. The major histopathologic findings of infected O. niloticus were lipid vacuoles, pyknotic nuclei and necrosis in
hepatocytes, while kidney showed necrosis area and hemorrhage between renal tubules but spleen showed necrosis and infiltration of
fibroblasts around damage blood vessels and hemolytic between red pulps. In addition, the tested isolates showed resistant patterns
of 66.6% (16/18) for many antibiotics (18), while MAR index was 0.16. Conclusion: It was concluded that the negative effects of
aer114 isolated from O. niloticus on organs histology and blood examinations were more than the isolate aer8 that was isolated from
Sparus aurata.
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as ALT, AST, creatinine and urea are vital indicators of any
dysfunction in the liver and kidney30. So, the purpose of this
study was to investigate the chemical phenotypes, multiple
antibiotic resistance (MAR index) and clinical results of
A. hydrophila isolated from natural infected O. niloticus and
Sparus aurata (fresh and marine water fish), in addition to
studying blood chemistry and histological changes in the liver,
kidney and spleen of O. niloticus after being infected with
A. hydrophila.

INTRODUCTION
Bacterial pathogens are the causative agents for serious
disease problems in wild and farmed fish causing mortalities
and severe economic losses. Aeromonas species is classified
into two main groups; psychrophilic nonmotile bacteria1,2
or mesophilic motile bacteria3 that belong to family
Aeromonadaceae4.
Motile Aeromonas sp. are Gram-negative rods, oxidase
positive, facultative anaerobic, opportunistic pathogens and
causative agents of motile aeromonas septicemia (MAS) which
cause various diseases in fish where they are largely
distributed in aquatic environments and they can be easily
found in water rich in organic matter, so stress and poor water
quality play a major role in their occurrence5,6. Since early
1960s A. hydrophila has been known as a pathogen of fish
in Europe7 and in USA8, also, A. hydrophila is responsible for
hemorrhagic septicemia9,10. The symptoms of A. hydrophila
infection include swelling of tissues, ascites, necrosis, ulcers
and hemorrhage, exophthalmia, redness of the skin and fluid
accumulation in the pockets scale11-13. Since A. hydrophila is
commonly found in aquatic habitats, it is a secondary invader
of injured tissue where it causes disease in the stressed fish14,
A. hydrophila can also become a primary pathogen, causing
outbreaks in fish farms with high mortality rates, which leads
to severe economic losses to the aquaculture sector
worldwide15,16 of either freshwater or marine water fish17.
A. hydrophila is often found in association with disease
outbreaks in aquaculture production in diseased fish and
crabs18. A. hydrophila was isolated from the cultured fish that
exposed to numerous stress factors such as handling,
crowding, contaminants and physiological changes, which
may lead to immune depression and outbreaks of infections
in aquaculture19, where water pollution increases susceptibility
to infectious diseases, leading to higher mortality rates20
because any change in water parameters leads to conditions
that allow bacterial infections to take place21.
In Egypt, A. hydrophila has been isolated from various
fish species and water salinity such as Groper, Sea bass, Mullet,
Tilapia, Carp and some ornamental fish species22,23. Several
studies reveled that A. hydrophila caused histological
changes in tissues and organs of fish infected22,24-25, where
A. hydrophila indicated liver and kidney damage26. That can
be attributed to the presence of many extracellular toxins
and enzymes such as cytotoxins, hemolysins, enterotoxins
and proteases that are excreted from the virulence of
A. hydrophila22,27.
On the other hand, previous studies have reported
that A. hydrophila caused significant disorders of blood
parameters in infected fish25,28,29 where many parameters such

MATERIALS AND METHODS
Sampling and bacterial isolation: Aeromonas was isolated
from naturally diseased fishes namely O. niloticus, an
important fresh fish, farmed in fresh fish farm located on
El-Manzala Lake, Egypt and Gilt-head bream (Sparus aurata)
cultured in marine fish farm located on the Mediterranean
coast in Deeba Triangle in spring season of 2016 during mass
mortality. Samples from liver and kidney of infected fish were
cultured into trypticase soy broth (TSB; Oxoid) for 24 h at
37±1EC. A loopful of the enrichment culture was streaked on
specific medium; Aeromonas Medium Base (AMB, Ryan,
Oxoid, Ltd.) that was used for the selective isolation of
Aeromonas strains. After 24 h of incubation at 37EC, only the
cultures giving pure green with dark centers colonies were
randomly selected then subcultured on tryptic soy agar
(TSA, Oxoid). Four presumed Aeromonas bacteria, according
to the source of isolation, were identified by API 20NE
biochemical identification strips (bioMérieux, Marcy lʼEtoile,
France), (Table 1) after determination the Gram staining for all
isolates.
Hemolysin assays: The ability of strains to produce
hemolysins was assessed by the plate method. Each isolate
was streaked on tryptic soy agar (TSA) medium containing 5%
(vol/vol) sheep erythrocytes and incubated at 37EC for
24-48 h. Hemolytic activity was measured as described by
Asao et al.31.
DNA isolation and 16S rRNA gene sequencing: Two of the
identified isolates were confirmed by PCR. The extraction of
bacterial DNA was performed by used QIA gen DNA
isolation kit, then amplified with universal bacterial
primers DG74 5-AGGAGGTGATCCAACCGCA-3 and RW01
5-AACTGGAGGAAGGTGGGGAT-332. The locations of primers
were 1521-1540 and 1170-1189, respectively. After
amplification, 10 µL of the PCR sample was electrophoresis.
The PCR product was purified with a QIA quick PCR
purification kit and directly sequenced with a 3500/3500xL
Genetic Analyzer (Applied Biosystems).
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Table 1: Biochemical patterns of Aeromonas hydrophila isolated from fish
Test/strain
Fish sample

aer4
S. aurata

aer8
S. aurata

aer11
O. niloticus

aer114
O. niloticus

Isolation organ

Kidney

liver

Kidney

liver

Utilization of NO3

+

+

+

+

Indole production

-

+

+

+

Glucose fermentation

+

+

+

+

Arginine dihydrolase

+

+

+

+

Urease

-

+

-

-

$-glucosidase

+

+

+

+

Gelatin hydrolysis

+

+

+

+

O-Nitrophenyl-$-galactopyranoside

+

+

+

+

Glucose (GLU)

+

+

+

+

Arabinose(ARA)

+

+

+

+

Manose (MNE)

+

+

+

+

Manitol (MAN)

+

+

+

+

N-Acetyl glucosamine (NAG)

+

+

+

+

Maltose (MAL)

+

+

+

+

K-gluconate (GNT)

+

+

+

+

Capric acid (CAP)

-

+

+

+

Adipic acid (ADI)

-

-

+

+

Malate(MLT)

+

+

+

+

Tri-sodium citrate (CIT)

+

+

+

-

Phenyl acetic acid (PAC)

+

+

+

+

OX

+

+

+

+

API 20NE code

5577747

7577757

7577777

7577776

Gram stain

+

+

+

+

motility

+

+

+

+

Gas from glucose

+

+

+

+

Hemolytic test

+

+

+

+

Utilazition of sugar

Table 2: Pathogenicity for O. niloticus of Aeromonas hydrophila isolates by using intraperitoneal injections

A. hydrophila isolates (Groups )

Fish mortality/isolate

Pathogenicity (%)

0/21 (-)

0.00

T2 (aer8)

15/21 (+)

71.4

T3 (aer114)

16/21 (+)

76.2

T1 control

+: Isolates positive, -: Isolates negative

Multiple antibiotic resistance (MAR index): Multiple

MAR index =

antibiotic resistance testing was carried out using the disc

X
Y×Z

diffusion method on Mueller-Hinton Agar (Oxoid, England)
and incubated at 37±1EC for 24 h. Eighteen antibiotic disk

Where:

namely ampicillin (AP) 10 µg, amoxicillin (AX) 25 :g,

X = Total of antibiotic resistance case

norfloxacin (NOR) 10 :g, ciprofloxacin (CIP) 10 :g,

Y = Total of antibiotic used

streptomycin (S) 10 :g, cephazolin (CZ) 30 :g, erythromycin

Z = Total of isolates trust and sparrow34

(E) 15 :g, fusidic acid (FA) 10 :g, gentamycin (GN) 120 :g,
oxytetracyclin (OTC) 30 :g, nalidixic acid (NA) 30 :g,

Pathogenicity test: Sixty three of apparently healthy

sulfamethoxazole (SXT) 25 :g, tobramycin (TOB) 10 :g,

O. niloticus (80±2 g, b.wt.) were randomly divided into

kanamycin (KA) 30 :g, azithromycin (AZM)15 :g, lomefloxacin

3 experimental groups (T1, T2 and T3); each group contained

(LOM) 10 :g, gatifloxacin (GAT) 5 :g and vancomycin (VA)

21 fish kept in three glass aquaria, each aquaria contained

(Oxoid, England) were used. After incubation, the sizes of the

7 fish and were supplied with de-chlorinated water with

inhibition zones were measured and discussed according to

aeration;

the

fish

were

acclimatized

for

2

weeks.

Fish were fed with commercial diet twice a day at a feeding

33

Clinical and Laboratory Standards Institute, CLSI (Table 2) and
MAR index of the four isolates (aer4, aer8, aer11, aer114)

rate of 3% of B.W. Each fish of T2 and T3 groups was

against tested antibiotics was calculated as formula:

intraperitoneally (IP) injected by 0.5 mL of 1×105 CFU mLG1 of
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the suspension of either the isolates aer8 or aer114 in groups

Biochemical characteristics and API 20NE profile of

T2, T3, respectively. Another twenty one fish (T1) were injected

A. hydrophila : Four of the 16 isolates were grown on AMB

with phosphate buffered saline (PBS) using the same

medium (Ryan), which were isolated from liver and kidney of

procedure. Before injection, fish were anesthetized in a clove

both S. aurata (aer4 and aer8) and O. niloticus (aer11 and

oil solution35. The virulence of the strains was classified based
on the development of clinical signs and mortality rate within

aer114), respectively. Isolates were characterized on the basis
of biochemical characteristics and API 20NE as A. hydrophila,

7 days.

where API 20NE revealed four different profile numbers
among the four strains (Table 1). All strains were Gram

Sample collection and analyses: On day 7 post-infection,

negative, motile rods and they were all able to produce gas

blood was collected by cardiac puncture. The serum was

from glucose and they were found to produce $-hemolysin on

separated by centrifugation at 3000 rpm for 15 min and stored

sheep blood agar media. On the other hand, these isolates

at -20EC until further use. The activities of aspartic

differed in their responses to the following tests: Indole, urease

aminotransferase (AST), alanine aminotransferase (ALT) and

and assimilation of capric acid, adipic acid and tri-sodium

the concentrations of serum total protein (TP), albumin (AL)

citrate which gave variable results. Isolates from O. niloticus

were determined using commercial calorimetric kits

were assigned aer11 and aer114 and API 20NE profile

(Diamond, Diagnostic, Egypt). The creatinine (Cr) and urea

were 7577777 and 7577776, respectively, while isolates from

were determined using commercial calorimetric kits

S. aurata were assigned aer4 and aer8 and API 20NE profile

(Stanbio Laboratory Diagnostic, USA). All tests were carried out

were 5577747 and 7577757, respectively.

in duplicate.
Identification by 16S rRNA and sequencing: Two isolates
Histological examination: After collection of the samples

were selected for confirmation by 16S rRNA (aer8 and aer114)

from liver, kidney and spleen tissues, samples were fixed in

and sequenced by 3500 Genetic Analyzer (Applied

10% neutral buffered formalin for 24 h and were subjected to

Biosystems) and were compared to those available in the
GenBank database. DG74 and RW01 primers were used to

36

histological examination according to Roberts . Tissue

amplify 16S rRNA of bacterial isolates, with amplicon size

sections were stained with hematoxylin-eosin (HE) and their

-370 bp. The 2 bacterial species belonged to family

slides were photographed using an ICC50 HD camera and a

Aeromonadaceae. The amplified nucleotide sequence

Leica LAS EZ microscope.

expressed as 98.0% homology with the 16S rDNA sequence of

Aeromonas hydrophila in GenBank. The results of phenotypic

Analytical methods: The analysis of variance was used to

classification are correlated well with the sequence of 16S

compare the means of different groups using the SAS

rRNA for Aeromonas strains. The 16S rDNA sequence resulting

statistical software package (version 9.3, SAS Institute, Inc.,

from this study was deposited in the GenBank under the

Cary, NC, USA). When one-way ANOVA-test was significant

accession numbers. LC208788, LC208789 of aer8 and aer114,

(p<0.05), least significant difference was calculated according

respectively.

to Duncan37 for the comparison among means.

Virulence for O. niloticus and clinical observation: The

RESULTS

results for the virulence test are summarized in Table 2 and
revealed that groups challenged with the two A. hydrophila
isolates (aer8 and aer114) caused mortality ranging to
71.4-76.2% (T2 and T3, respectively) within 7 days where 31 out
of 42 experimental fish infected (73.8%) died rapidly before
they have time to develop great clinical signs but a few clinical
abnormalities signs of disease such as extensive skin
hemorrhages and inflamed vent were seen. Also internally,
congestion and enlargement of liver, kidney and spleen with
fatty liver were observed. In contrast, the control fish (T1)
observed no clinical signs or death confirmed during the
experiment period.

Clinical examination of natural diseased fish: Fish
samples were collected from fish farms that suffered from
mass mortalities in Damietta governorate Northern of Egypt.
Many of O. niloticus samples showed signs of septicemia,
while

Gilt-head

bream

fish

had

no

signs.

Clinical

examination of diseased O. niloticus samples were shown
in Fig. 1(a-d), that revealed cloudiness of eyes, detachment
and protrusion of the scales, hemorrhage and ulcers on the
skin, severe distention of the abdomen and inflammation of
the anus.
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(b)

(a)

(d)
(c)

Fig. 1(a-d): Gross pathology for naturally infected O. niloticus (a) Eyes cloudiness and detachment of scales, (b) Skin ulceration,
(c) Hemorrhage on the skin and (d) scale protrusion
Table 3: Antibacterial susceptibility and multiple antibiotic resistances of Aeromonas hydrophila isolated from different fish
Response of bacterial strains to different antibiotics
---------------------------------------------------------------------------------------------------------------

aer4

aer8

aer114

aer11

Resistance (%)

Penicillin
Amoxicillin AX
Nalidixic Acid
Azithromycin (AZM)
Erythromycin
Oxytetracyclin
Sulfamethoxazole

R
R
R
R
R
R
R

R
R
R
R
R
R
R

R
R
R
R
R
I
R

R
R
R
R
R
R
R

100
100
100
100
100
100
100

Cephazolin (CZ)
Fusidic acid (FA)

R
R

R
R

R
R

R
R

100
100

R
R
I
S
S
S
S
S
S
0.16

R
R
I
S
S
S
S
S
S
0.16

R
R
I
S
S
S
S
S
S
0.16

R
I
I
S
S
S
S
S
S
0.16

100
100
100
0.0
0.0
0.0
0.0
0.0
0.0

Antibiotic discs

Vancomycin (VA)
Streptomycin (S)
Tobramycin (Tob)
Norfloxacin
Ciprofloxacin
Gatifloxacin (GAT)
Lomefloxacin (LOM)
Gentamycin
Kanamycin (KA)
MAR = X/(Y×Z)

S: Susceptible, I: Intermediate susceptible, R: Resistant

Multiple

Antibiotic

Resistance

(MAR

index):

resistant patterns to many antibiotics (18) that showed
commonly resistant to 12 antibiotics with 66.6% resistance
patterns, while MAR index was 0.16.

All

A. hydrophila isolates showed 100% resistance to 12 antibiotic
included penicillin, amoxicillin, nalidixic acid, azithromycin,
erythromycin, sulfamethoxazole, cephazolin, fusidic acid,
vancomycin, streptomycin, oxytetracyclin and tobramycin. On
the other hand, all isolates were 100% susceptible to
ciprofloxacin, norfloxacin, gatifloxacin, lomefloxacin,
gentamycin and kanamycin as shown in Table 3. The four
isolates (aer4, aer8, aer11 and aer114) showed multiple

Assessment of liver and kidney function: Oreochromis

niloticus infected by A. hydrophila (T2, T3 groups) showed a
significant increase (p<0.05) in activity of serum AST, ALT and
in levels of creatinine and urea compared to the uninfected
control group (T1). On the other hand, the results indicates
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Table 4: Hepatic and kidney parameter functions and total protein, albumin and globulin concentrations in O. niloticus infected by A. hydrophila isolates (Means±SE)
AST (U LG1)

ALT (U LG1)

TP (g dLG1)

Alb (g dLG1)

GL (g dLG1)

Ur (mg dLG1)

T1

44.79±2.8B

19.74±0.64 C

5.47±0.23A

2.29±0.11A

2.79±0.23A

14.30±0.47C

Cr (mg dLG1)
0.43±0.03B

T2

59.38±1.10A

22.09±0.73 B

3.46±0.19B

2.07±0.29A

1.39±0.17B

22.65±1.56B

0.53±0.03B

T3

60.39±2.13A

24.52±0.46 A

3.58±0.10B

2.19±0.18A

1.35±0.14B

27.89±0.92A

0.83±0.03 A

A-C: Means in the same column superscripted with different letters are significantly different at (p<0.05)

that the total protein, albumin and globulin level significantly

DISCUSSION

decreased (p<0.05) by the infection with A. hydrophila as
compared to control (Table 4).

The clinical signs observed on diseased O. niloticus

Also, there were significant differences (p<0.05) in ALT

samples were similar to that described by Aboyadak et al.38,

between the fish groups infected by isolates aer8 (T2) and
aer14 (T3) while the significant differences (p<0.05) were

who observed that the diseased fish by A. hydrophila

found when comparing their values with the control (T1). In

anus, scale peeling, skin ulcerations and fin erosions.

exhibited hemorrhagic patches on the skin and around the

the same trend, group (T3) reflected a significant increase in

Concerning the API 20NE profile numbers of strains aer4,

creatinine if compared with fish infected group (T2). Isolate

aer8, aer11 and aer114 were 5577747, 7577757, 7577777

aer114 was isolated from O. niloticus reflected negative
effects on some of blood parameters compared to isolate aer8

and 7577776, respectively, which agree with those given by

isolated from marine water fish.

were 7577754, 5177754, 7476754, 7575754, 7576754 and

Paniagua9 where API 20NE profile numbers of A. hydrophila
5577754. In the present study, the different responses of

Histological examination: No histological changes were

biochemical tests were observed among strains that might be

observed in the liver of control fish (T1) (Plate 1a). The

attributed to biological effects, where the microorganisms

histological changes in the liver of group T2 injected with aer8

may be acclimate to very particular environmental conditions

showed nuclear and cytoplasmic degeneration, severe dilation

by converting expression genes that allows them to survive in

in sinusoids with lipid vacuoles (Plate 1b), while aer114

specific environments39. El-Barbary22 also, reported that the

caused pyknotic nuclei, vacuolar degeneration and necrosis

isolates of A. hydrophila (SSU) isolated from various sources

(plate 1c) and hemosiderin accumulation, cytoplasmic

of fish in different places were different in biochemical

vacuolation and necrosis in hepatocytes of T3 (Plate 1d).

characteristics according to fish species and water salinity.

Kidney of O. niloticus in control group (T1) exhibited

The present study used universal primer (RW01 and

normal renal tubules, tubular lumen and Bowmanʼs space

DG74) that was recorded to be sensitive screening technique

in the glomerular (Plate 1e, f) but kidney of O. niloticus in T2

for discovery of bacterial groups32,40 and the 423 bp products

exhibited tubular degeneration with mononuclear cell

were successfully amplified in PCR reactions and consequent

infiltration and necrosis area between renal tubules,

sequencing confirmed A. hydrophila 16S rRNA fragment.

disconnection of renal tubules and hemosiderin deposits

Studies of the virulence of bacterial pathogens and their

(Plate 2a). Similar lesions were observed in kidney of T3 fish

sensitivity to antibiotics in fish are important for the

injected with strain aer114, in addition to hemorrhage

development of new chemotherapeutic agents to combat

between renal tubules, glomerular expansion and absence

bacterial infections, because the resistance of antibiotic has

of the Bowmanʼs space with occlusion of the tubular lumen

made bacterial diseases one of the major problems in the

and accumulation of inflammatory and erythrocytes cells

fisheries sector41. Pathogenicity experiment of aer8

(Plate 2b). On the other hand, the spleen of O. niloticus in
pulps (Plates, 2c). The spleen of O. niloticus infected with

aer114 of A. hydrophila cause mortality up to 71.4-76.2% in
experimental O. niloticus within 7 days. The pathogenicity
of Gram negative bacteria such as A. hydrophila in warm

aer8 (T2) showed severe accumulation of melanomacrophage

water fishes was reported by Thune14 and the pathogenicity

cells (MMC), necrosis and infiltration of fibroblasts around

might be contributed to the extracellular toxins and enzymes

damage blood vessels (fibrosis) (Plate 2d), while spleen of T3

such as hemolysins, cytotoxins, enterotoxins and proteases

group injected with aer114 showed accumulations of

have been associated with the virulence of A. hydrophila22,42,43

erythrocytes, hemosiderin and inflammatory cells with

which causes systemic damage to the hematopoietic system

necrosis (Plate 2e), in addition to hemolytic between red pulps

and liver that leads to mortality44. A. hydrophila isolates were

and vacuolation that were seen (Plate 2f).

found to produce $-hemolysin on sheep blood agar media,

control group (T1) showed normal structure red and white
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(a)

(b)

(c)

(e)

(d)

(f)

Plate 1(a-f): Histopathological changes in the liver (a-d) and kidney (e, f) of O. niloticus groups (T1-T3) stained with H&E;
(a,) T1 normal hepatocytes, cytoplasm and central and round nucleus (x300); (b)T2 nuclear and cytoplasmic
degeneration, severe dilation in sinusoids with lipid vacuoles (x250); (c,d) T3 pyknotic nuclei, vacuolar degeneration
and necrosis (cx200), cytoplasmic vacuolation with necrosis and hemosiderin accumulation (dx300). (e, f) T1 normal
renal tubules and tubular lumen (ex 300) and normal glomerular with Bowmanʼs space (fx 300)
H: Hepatocyte, Cd: Cytoplasmic degeneration, S: Sinusoids, Lv: Lipid vacuoles, Hs: Hemosiderin, Pn: Pyknotic nucleus, V: Vacuolation, N: Necrosis,
G: Glomerular, BS: Bowmanʼs space, RT: Renal tubular, TL: Tubular lumen

these results indicated a very close relationship between

between the pathogenic and non-pathogenic isolates of

hemolysin activity and pathogenicity in A. hydrophila isolates.
Also, Santos et al.45 and El-Barbary22 reported that some

A. hydrophila. The clinical and postmortem findings post
challenged with A. hydrophila were weakness, extensive

biochemical properties as hemolytic activity and production

skin hemorrhages and inflamed vent, internally; congestion

gas from glucose and arabinose can be helpful to differentiate

and enlargement of liver, kidney and spleen with fatty liver
228
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(a)

(b)

(c)

(d)

(e)

(f)

Plate 2(a-f): Histopathological changes in the kidney and spleen of O. niloticus groups (T1-T3) stained with H and E.; (a) T2 tubular
degeneration, mononuclear cell infiltration, necrosis area between renal tubules, accumulation of hemosiderin and
occlusion of the tubular lumen (x300). (b) T3 hemorrhage between renal tubules, glomerular expansion with absence
of the Bowmanʼs space and necrosis (x300). (c) T1 normal structure of red and white pulps in spleen (x200). (d) T2
severe accumulation of MMC and infiltration of fibroblasts around damage blood vessels. (e) T3 erythrocytes and
hemosiderin accumulations and necrosis (x200), (f), hemolysis between red pulps and accumulation of hemosiderin
(x300)
Td: Tubular degeneration, If: Infiltration, N: Necrosis, RT: Renal tubular, Hs: Hemosiderin, TL: Tubular lumen, He: Hemorrhage, G: Glomerular, BS: Bowmanʼs
space, WP: White pulp, RP: Red pulp, MMC: Melanomacrophage cells, Fi: Fibroblasts, Bv: Blood vessel, Er: Erythrocytes, N: Necrosis, Hi: Hemolysis

were observed. In another study of A. hydrophila, the
macroscopic examination showed exophthalmia, skin lesions
with hyperaemia of the fins, while necropsy revealed yellow
foci on the surface of liver, swollen of gallbladder and

fragmentation of kidney and spleen46. In this study aer8 and
aer114 isolates were 100% susceptible to six antibiotics and
100% resistance to 12 antibiotics as shown in Table 3. These
data may be helpful in controlling and curing bacterial
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infections caused by A. hydrophila in aquaculture. These
results are corresponding to previous data by Emekdas et al.47
and El-Barbary22 who observed that A. hydrophila isolates
were found to be resistant to Amoxycillin, Penicillin and
Ampicillin. Shak et al.48 also, observed that high antibiotic
resistance was seen in bacterial infections caused by
Aeromonas sp., thus the emergence of resistance to
antibacterial agents in pathogenic bacteria is an international
public health problem49.
In addition, the MAR index for the four tested
A. hydrophila isolates was 0.16 that is corresponded to the
results of Laith and Najiah46 who observed that the MAR index
for isolates of A. hydrophila was ranged from 0.10-0.50. The
MAR index, that is lower than 0.2 (<0.2) detects strains from
the environment, where antibiotics are rarely used or are not
used at all 50.However th e MAR index, which is higher than
0.2 (>0.2), detects bacteria isolated from organisms with high
infection risk, where antibiotics are often used 51.
Results of blood parameters are shown in Table 4 which
revealed that A. hydrophila caused a significant increase in
activity of serum liver enzymes, AST and ALT, that give
indication of liver case, where ALT and AST are considered as
biomarkers of hepatic dysfunction and damage30, because the
increased AST and ALT values in fish reveal enzymes exporting
from liver into bloodstream52,53, which is due to the fact that
the fish liver is a major organ involved in metabolic process54.
Similar findings were also observed in fish infected by
A. hydrophila in studies of Souza et al.24, Dos Santos et al.25
and Ahmed et al.26. On the other hand, A. hydrophila
infection caused a significant reduction in serum
concentrations of TP, AL and GL compared to the control
group (Table 4). This reduction in TP and AL content could be
attributed to the damaging effect of A. hydrophila on
hepatocytes which were observed in the histological study in
T2 and T3 groups. Also, Pal et al.28 found that the total serum
protein, albumin and globulin values were significantly
(p<0.01) higher in the A. hydrophila infected fishes
compared to control fishes. This increase in serum total
protein could also be an indication of antibody production in
moribund fish with infectious diseases55. In contrast, Dos
Santos et al.25 recorded that after A. hydrophila challenge,
total protein values were lower in the infected group fish than
in the control group, while Li et al.56 reported that total protein,
increased at the early infection phase by A. hydrophila and
then decreased at other time points in carp. This depression in
the total protein of blood is mainly due to excessive loss
through nephrosis57. Because the kidney is considered the
main excretory organ involved in xenobiotic excretion, its
function was investigated in this study, where A. hydrophila

led to a significant increase (p<0.05) in serum creatinine and
uric acid values (Table 4) in infected groups (T2, T3) as
compared with control (T1). Previous studies reported the
same findings with creatinine and urea24,25. Also, Wells et al.58
reported that the high creatinine in the blood indicates a low
glomerular filtration rate of the fish posterior kidney where
creatinine is the product of muscle creatine catabolism and is
excreted by trunk kidney59.
Histopathology is widely used to study tissue damage due
to various chemicals or biological infectious agent as
biological markers worldwide60. In the present study, the
histopathological changes of organs in T3 injected with
aer114 appeared to be more than those in the fish injected
with aer8 (T2).The reason for this result may be due to the
similarity in the origin and environmental conditions
(O. niloticus and freshwater) between the natural and
experimental infection where A. hydrophila was isolated
from O. niloticus (aer114) in fresh water and used to infect
O. niloticus in aquaria containing fresh water. Liver exhibited
severe lesions as nuclear and cytoplasmic degeneration,
severe dilation in sinusoids, lipid vacuoles, pyknotic nuclei,
hemosiderin accumulation and necrosis in liver hepatocytes.
The cause of lipid vacuoles and necrosis in the liver may
be due to the presence of some extracellular toxins such as
cytotoxins, hemolysin, protease, enterotoxins and elastase
produced by A. hydrophila 22,27,61. Similar hepatic lesions were
recorded previously in O. niloticus as degenerative changes,
cytoplasmic fat vacuoles and lymphocyte infiltration with focal
necrosis of hepatocytes and pancreatic cells22,62, also, in
other fishes such as catfish (Clarias gariepinus) and carps
(Carassius aurata)63,46. While kidney of O. niloticus injected
with A. hydrophila (T2, T3) had tubular degeneration,
infiltration of mononuclear cell, necrosis area and
hemorrhage between renal tubules, accumulation of both
melanomacrophage, inflammatory cells and erythrocytes cells,
glomerular expansion with absence of the Bowmanʼs space
and occlusion of the tubular lumen which seemed to be
likeness to previous studies62 where the kidney of O. niloticus
injected with A. hydrophila showed hemorrhage of
subcapsular and interstitial, degeneration of parenchyma,
formation of cytoplasmic vacuole, necrosis of the tubular
epithelium with focal lymphocyte infiltration while interior
lumina was filled by yellow mucoid liquid. Also, Laith and
Najiah46 recorded histopathological changes in glomerular
epithelium in kidney of catfish infected with A. hydrophila.
Spleen is composed of capsule and two general
parenchyma components lymphopoietic (white pulp) and the
hematopoietic (red pulp), which are important for the defense
systems of fishes64-66,where it is the only lymph-node in bony
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fish67. In the current study, spleen of O. niloticus injected
with A. hydrophila exhibited severe accumulation of
melanomacrophage cells (MMCs), necrosis and infiltration of
fibroblasts around damage blood vessels in addition to
hemolytic between red pulps and vacuolation. These lesions
may be caused by the presence of different extracellular toxins
and enzymes associated with of A. hydrophila and the
presence of different toxicants in the environment68,69. The
present results are in agreement with the findings of
Alsaid et al.70 who observed that red hybrid tilapia injected IP
with Streptococcus agalactiae showed red pulp degeneration,
spleenic capillary congestion and focal haemorrhages in
intercellular spaces together with multiple foci of hemosiderin
deposits and melanomacrophage centers in the spleen.
Where, bacterial infection increased the number and size of
MMCs in the liver and spleen fish71,72. Also, the accumulations
of erythrocytes cells in the spleen in turn may result in reduced
haemoglobin content which is usually attributed to the
destruction of red blood cells and irregular movement of
haemoglobin from the spleen in fishes73-75. Deposition of
hemosiderin in the liver and spleen of O. niloticus (T2 and T3)
infected with A. hydrophila agrees with those of Chang and
Plumb76 who showed foci of hemosiderin in Cyprinus carpio
spleens exposed to A. hydrophila.

2.

3.
4.

5.

6.

7.

8.

9.

CONCLUSION
10.

It is concluded that A. hydrophila isolates may show
slight variation in biochemical characteristics however, the
16S rRNA proved that identified isolates belonged to
A. hydrophila. The negative effects of isolate aer114 on organs
histology and blood examinations were more than that
caused by aer8.

11.

12.

SIGNIFICANCE STATEMENTS
This study confirms that both the API 20NE and
sequencing of 16S rRNA can be beneficial for identification of
unknown bacterial species of fish pathogen. This study will
help the researcher to quickly detect bacterial pathogen in fish
farms and treatment of infectious diseases through
appropriate antibiotic, leading to reduce the morbidity and
mortality rates and contributing to the enhancement of fish
production.
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