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ORIGINAL ARTICLE

Investigation of Nile Tilapia Mortalities During
Summer 2019 in El-Manzala Fish Farms in Dakahlia
Governorate, Egypt

Amira M.M. El-Sherbiny L* Moustafa M.S. Fouda %, Medhat S. Shakweer 2, Viola H. Zaki *

1 Educational Veterinary Hospital, Faculty of Veterinary Medicine, Mansoura University, Mansoura, Egypt
2 Department of Aquatic Animal Medicine, Faculty of Veterinary Medicine, Mansoura University, Mansoura, Egypt

Abstract

OBJECTIVE: To identify suspected causes of mass mortality in Oreochromis niloticus at El-Manzala fish farms in
Dakahlia Governorate, Egypt, during disease outbreaks in the summer of 2019.

DESIGN: Observational study.

ANIMALS: Two hundred diseased and freshly dead O. niloticus (Nile tilapia) weighting 100—150 g.

PROCEDURES: Collected fish samples were subjected to clinical, postmortem and bacteriological investigations
regarding histopathological alterations, pathogenicity tests, and antibiogram susceptibility of the main isolated bacterial
species.

RESULTS: A total of 286 bacterial isolates were detected from all examined fish samples. Bacteriological examination
revealed that all bacteria were gram-negative rods, which were identified as Aeromonas hydrophila (43.36 %), Aeromonas
sobria (20.28 %), Vibrio fluvialis (12.24 %), Vibrio parahemolyticus (10.14 %), Vibrio cholera (7.34 %) and Ps. putida
(4.895 %). Confirmatory identification of the most predominant isolated species (A. hydrophila) was carried out using
conventional polymerise chain reaction (PCR). An antibiogram was performed for the isolated A. hydrophila strains,
revealing that the isolates showed high sensitivity to flumequine (UB) and cefepime (FEP), with a percent (83.33 %) for
each. The Multiple Antibiotic Resistance (MAR) indices of the 12 identified A. hydrophila ranged from 0.2 to 0.6 with an
average (0.32).

CONCLUSION AND CLINICAL RELEVANCE: This study concluded that A. hydrophila is one of the main causes of
summer mass mortality in O. niloticus in the study area.

Keywords: A. hydrophila, Antibiogram, Histopathology, Nile tilapia

1. Introduction Nile tilapia, Oreochromis niloticus, is the most pre-
dominant farmed freshwater fish species worldwide,
including Egypt [5]. The intensive and semi-intensive
practices of aquaculture production have caused an
increase in disease outbreaks, resulting in a partial or
total loss of fish production [6]. In fish farms, bacterial
infections are a major cause of mass mortality among

ranks tenth in global fish farming production and  fish populations. They are attributed to stressful
first among African countries. The industry supplies ~ environmental conditions (such as high or low water
~77 % of the total fish production in Egypt [3]. Most temperature, high stocking rate, ammonia emissions,

fish farms are located near the Nile in northern Egypt lack of dissolved oxygen, malnutrition, handling and
and the Delta region [4]. poor water quality) rather than other infections [7].

quaculture production has recently expanded
as a valuable source of animal protein and
essential nutrients with a feasible cost compared
with other animal protein sources [1]. It accounts for
over half of worldwide fish production [2]. Egypt
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Aeromonas spp. (Aeromonas hydrophila, Aeromonas
veronii, Aeromonas sobria, Aeromonas caviae, and
others) are opportunistic pathogens that can cause
diseases only in immunocompromised fish pop-
ulations or as secondary invaders in fish suffering
from other diseases [8]. A. hydrophila is a gram-
negative motile rod that produces circular, yellow-
colored colonies on R—S media and is characterized
by catalase and cytochrome oxidase-positive but
H2S negative, facultatively anaerobic, glucose, su-
crose, arabinose, and salicin-fermenting. Nitrates
were reduced to nitrites with no gas production, and
the Voges—Proskauer reaction was positive, but not
the methyl red test [9,10].

Motile Aeromonas septicemia is a hemorrhagic and
ulcerative syndrome in Nile tilapia (O. niloticus),
usually resulting in high mortality rates [11]. Clinical
abnormalities of A. hydrophila typically appear in the
acute phase, including shallow to deep necrotizing
ulcers in the skin and fins, extensive irregular
hemorrhages on the body surface, skin darkness,
scale detachment with ascites in the abdomen, and
exophthalmia [10]. Postmortem examination is
associated with hemorrhage and enlargement of the
internal organs [12].

The histopathological changes usually associated
with A. hydrophila infection in Nile tilapia were
observed mainly in the liver, kidney, spleen, and
gills. The most common findings included necrosis
and dissociation of hepatocytes in the liver,
congestion with hyperplasia of melanomacrophages
in the spleen, while the kidney showed desquama-
tion of the renal tubular epithelium with severe
destruction and desquamation of the gill lamellar
epithelium [13,14].

In vitro, the experimental challenge of healthy O.
niloticus with pathogenic A. hydrophila induced
septicemic signs with high mortality rates [12,15].
Pathogenicity is attributed to the production of many
extracellular proteins, which are the host's main
virulence factors, such as enterotoxins, aerolysin and
hemolysin, proteases, and cytolytic enterotoxins
[16,17].

The Multiple Antibiotic Resistance (MAR) index is
valuable for evaluating contamination sources [18].
The MAR value becomes equal to or less than 0.2
when the antibiotics usage for the animal treatment
was seldom or in low doses. On the other hand, the
elevated MAR index value of 0.2 indicated a high
risk of exposure to antibiotics for animal treatment.
Because of the misuse of antibiotics, A. hydrophila
shows MAR, causing a worldwide problem with a
public health hazard [19,20].

Therefore, the present study aimed to investigate
the prevalence of bacterial pathogens associated

with the high mortality rates of naturally infected
Nile tilapia (O. niloticus) in El-Manzala fish farms
throughout the summer 2019 outbreak, in addition
to antibiotic sensitivity evaluation and MAR index of
the most isolated bacterial species.

2. Materials and methods
2.1. Study area and fish collection

A total of 200 freshly dead and moribund O. niloticus
samples (average weight of 100—150 g) were asepti-
cally collected from semi-intensive earthen ponds of
private fish farms in the El-Manzala region, Dakahlia
Governorate, Egypt, during the summer months
(June, July, and August) of 2019. Each fish sample was
packed in a separate sterile labeled plastic bag,
immediately transported in an ice box with cooled ice
bags to the laboratory and processed immediately.

2.2. Fish clinical signs and postmortem (PM)
examination

The collected fish samples were examined both
clinically and microbiologically. Necropsy and his-
topathological examinations were performed. The
Clinical examinations were performed according to
Schaperclaus [21]. Necropsy was performed on
different numbers of freshly dead or dying fish to
recognize postmortem lesions according to the
method described by Stoskopf [22].

2.3. Bacteriological examination

Bacteriological examination of samples from the
skin, gills, liver, kidney, and heart was performed
through culture in tryptic soya broth (TSB) (Oxoid,
CM 0129) and incubated at 28 °C for 24—48 h, then
streaked on different laboratory media: tryptic soya
agar (TSA) (Oxoid, CM0131), Aeromonas Base Me-
dium (Oxoid, CMO0833), and Thiosulfate-citrate-bile
salts-sucrose agar media (TCBS) (Oxoid, CMO0333).
The inoculated plates were incubated at 28 °C for
24—48 h [23].

Presumptive colonies were purified and identified
based on microscopic and cultural characteristics and
biochemical identification, according to Austin and
Austin [10]. Further identification was achieved using
VITEK2 compact (bioMérieux, France) biochemical
marker [24].

2.4. Molecular characterization

Molecular identification of A. hydrophila isolates
was carried out using a species-specific primer of A.
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hydrophila [25]. Genomic DNA was extracted using
the DNA extraction kit (QIAamp DNA Mini Kit
(Catalogue no. 51304)). PCR amplification with A.
hydrophila-specific primer (A. hydrophila-specific 16S
rRNA) was used to amplify 625 bp from the general
bacterial 16S rRNA (Table 1).

2.5. Histopathological examination

For histopathological examination, tissue speci-
mens of the naturally infected fish were carefully
removed from (gills, liver, spleen, and kidney).
Samples were trimmed and fixed in a 10 % neutral
buffered formalin solution for 24 h. Paraffin sections
of 5 p thickness were prepared, stained with he-
matoxylin and eosin (H and E), and then examined
microscopically [26].

2.6. Antibiotic sensitivity and multiple antibiotic
resistance (MAR)

The sensitivity of A. hydrophila isolates to anti-
biograms was studied using different chemothera-
peutics as described by Finegold and Martin [27].
The results were interpreted following Clinical and
Laboratory Standards Institute guidelines [28]. The
MAR index was determined for isolates resistant to
more than two antibiotics. According to the
following equation: MAR index = a/b; (a) is the
number of antibiotics to which the isolate was
resistant, and (b) is the number of antibiotics to
which the isolate was tested [29].

2.7. Challenge trial

The isolated A. hydrophila was stored in a glycerol
solution at —80 °C. A. hydrophila inoculum was
prepared for challenge by culturing the organism in
tryptic soya agar (TSA) at 27 °C for 24 h. Then, the
isolate was inoculated in tryptic soya broth (TSB) for
another 24 h at 27 °C. Finally, the culture broth was
centrifuged and washed with phosphate buffer sa-
line (PBS). The bacterial density was then deter-
mined using the agar plate-spread method on TSA
after serial dilution [30]. The number of bacterial
CFUs was calculated (between 30 and 300 number of
bacterial colonies). The following formula was used

to calculate colony counts in CFU/ml for bacterial
suspension:

(1) Microbial load = number of colonies x dilution
factor/volume of inoculum used.

The bacterial suspension was then kept at 4 °C
until it was used. The applied concentration of A.
hydrophila was 1.5 x 10° CFU/ml.

Forty healthy O. niloticus with an average body
weight of 40 + 20 g were used for the experimental
infection. After adopting fish in an aquarium for 2
weeks, healthy fish were assigned into two groups
(20 fish/group), with 10 fish in each glass aquaria
(100 x 80 x 40 cm). During the experiment, the
water quality in the aquaria was maintained at op-
timum levels. One group was injected I/P with
0.5 ml of (1.5 x 10° CFU/mL) of an isolated strain of
A. hydrophila (18 h culture). The second group was
injected I/P with PBS as a control group and kept
under examination for 7 days to record clinical signs
and mortality rate in addition to re-isolation and
identification of A. hydrophila.

3. Results

3.1. Clinical and postmortem findings of naturally
infected O. niloticus

Diseased O. mniloticus showed dullness, loss of
appetite, absence of reflexes, sluggish movements,
and swimming near the surface water. As shown in
Fig.1a,b, the clinical investigation revealed septicemic
signs as severe hemorrhage and ulcer formation on
the body at the base of pectoral fins, under the lower
jaw, and on skin with depigmentation in addition to
severe congestion of gills and exophthalmia. As
shown in Fig. 1c,d, Postmortem findings showed
congestion and hemorrhage of the internal organs.

3.2. Prevalence of bacterial isolates from naturally
infected O. niloticus

Bacteriological analysis revealed the primary
isolation of 286 bacterial isolates from all examined
fish samples, as shown in Table 2. The highest
prevalence of bacterial isolates of naturally infected
Nile tilapia (O. niloticus) was recorded for A.

Table 1. Primers used for Polymerase chain reaction amplification of isolated A. hydrophila.

Target Gene Sequence Amplified product (bp) Reference

Aeromonas hydrophila 165 rRNA GAAAGGTTGATGCCTAATACGTA 625 [31]
CGTGCTGGCAACAAAGGACAG

Bacteria 16S rRNA AGAGTTTGATCMTGGCTCAG 1485 [32]

TACGGYTACCTTGTTACGACTT
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Fig. 1. (A—D): Naturally infected O. niloticus revealed A: dark coloration of skin (S), ulcer formation beside pectoral fin (1) and tail (black arrow),
hemorrhage on the body (2) and exophthalmia (E). B: Infected fish showed severe hemorrhage all over the body at the base of pectoral fins (blue
arrow), under the lower jaw (black arrow), and on skin (white arrow) with depigmentation. C: Severe congestion of gills (black arrow). D: The
postmortem lesions showed congested gills (G), congested and enlarged liver (L), congested spleen with splenomegaly (S) and dark congested kidney

(white arrow).

hydrophila (43.36 %), followed by A. sobria (20.28 %),
Vibrio fluvialis (12.24 %), Vibrio parahemolyticus
(10.14 %), Vibrio cholera (7.34 %), Ps. putida (4.895 %).
However, the lowest prevalence was recorded for K.
oxytoca at a percentage of (1.75 %).

3.3. Bacteriological identification

3.3.1. Morphological and biochemical characters
Morphological features of colonies of the obtained
isolates showed 2—5 mm round, smooth, creamy,
whitish, or grey opaque colonies on tryptic soya agar
plates. Aeromonads appeared on Aeromonas base
media as dark green opaque with black center col-
onies. Aeromonas and vibrio spp. Showed complete

Table 2. Prevalence of bacterial isolates from naturally infected
O. niloticus.

Bacterial isolates No. (%)

A. hydrophila 124 (43.36)
A. sobria 58 (20.28)
V. fluvialis 35 (12.24)
V. parahemolyticus 29 (10.14)
V. cholera 21 (7.34)
Ps. putida 14 (4.895)
K. oxytoca 5 (1.75)
Total 286 (100.00)

@ Related to total No. of the bacterial isolates recovered from fish.

hemolysis on blood agar. Vibrio spp. are susceptible
to O/129 vibriostatic agents. Microscopically, all iso-
lates were gram-negative rod-shaped bacteria, as
shown in Table 3.

Isolated bacteria were further identified by the
microbial identification system (VITEK 2 Compact),
and all isolates were identified as A. hydrophila (the
most prevalent isolated spp.) followed by A. sobria,
V. fluvialis, V. parahemolyticus, V. cholera, Ps. putida.
The lowest prevalence was recorded for K. oxytoca.

3.3.2. Molecular identification of Aeromonas
hydrophila by conventional PCR

Twelve isolates were randomly selected from the
most predominant isolated species (A. hydrophila)
for confirmatory identification using traditional
PCR. The 16S rRNA gene was amplified from all
isolates using a specific primer for A. hydrophila,
which was detected at 625 bp (Fig. 2).

3.4. Pathogenicity test

The tested A. hydrophila was highly pathogenic at a
dose of 1.5 x 10° CFU/ml to the experimentally
infected O. niloticus, which showed typical septicemic
clinical signs and necropsy findings related to A.
hydrophila, similar to those observed in naturally
infected fish in our study. The control group showed
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Table 3. Morphological and biochemical characters of bacterial isolates from naturally infected O. niloticus.
A. hydrophila  A. sobria V. fluvialis V. parahemolyticus V. cholera Ps putida K oxytoca
Colony on TSA 2—2.5 mm 2—3 mm 2—3 mm 2—3 mm grayish 1-2 mm 3 mm shiny 2—3 mm
opaque creamy grey, translucent colonies moist smooth Circular,
white round creamy, grayish translucent moist mucoid,
colonies with  shiny colonies disk-like convex translucent
smooth edges round colonies whitish or opaque,
colonies opaque yellow to
round cream-colored
colonies.
Gram stain -ve -ve -ve -ve -ve -ve -ve
growth on Aeromonas + + - - + -
agar-based medium
Colony on TCBS yellow Yellow Yellow Blue colonies Yellow Blue-green -
colonies colonies colonies with green colonies
center
Growth in NaCl
0% + + - - + + +
2% + + + ++ ++ + -
6 % - - + + + - -
Motility + + + - + + -
0O/129 Vibriostatic agent - - + + + - -
susceptibility
Hemolysis on blood agar + + + + + - -
Bipolar staining - - + + + -
Cytochrome oxidase + + + + + + -
Catalase + + + + + + +
Citrate utilization v v + - + + +
Voges—Proskauer + + - - - - +
Trible Sugar Iron agar A/A(gas) A/A(no gas) A/A(no gas) K/A(no gas) A/A(no gas) K/K(no gas) A/A(gas)

0 % mortality, while the infected group showed 65 %
mortality at the end of test periods with re-isolation of
A. hydrophila from the internal organs (liver, spleen,
kidney, and gills). Phenotypic and biochemical con-
firmations of the re-isolated bacteria were performed.

3.4.1. Antibiotic susceptibility of A. hydrophila
isolated strains from naturally infected Nile tilapia (O.
niloticus)

A. hydrophila strains were tested according to their
susceptibility as resistant, intermediate, or sensitive

to each antibiotic group. An antibiogram sensitivity
test was performed on 12 A. hydrophila isolates PCR
identified. A. hydrophila identified showed high
sensitivity to flumequine (UB) and cefepime (FEP)
with a percent of 83.33 % followed by tetracycline
(TE) (75 %). In contrast, trimethoprim and sulpha-
methoxazole (SXT), ciprofloxacin (CIP) and cefoxitin
(FOX) showed intermediate efficacy against A.
hydrophila. Regarding the resistance pattern among
the other tested drugs, the highest resistance was
recorded against penicillin (P), with a percentage of

15 14 13|12 1

10

UU

Fig. 2. 1.5 % agarose gel electrophoresis of 12 A. hydrophila isolates, representative of 124 isolates, PCR product exhibits specific A. hydrophila 16s
rRNA bands at 625 bp. Lane (L): 100 bp ladder, Lane P: control positive, Lane N: control negative and Lanes 8—13 and 15: positive samples that
demonstrated the expected 625 bp fragment of Aeromonas 16s rRNA gene, Lane 14: negative sample.
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Table 4. Antimicrobial resistance phenotypes of A. hydrophila isolated strains from infected O. niloticus.

Concentrations pg

Susceptibility Patterns

Antimicrobial Agents

Resistance No (%)

Intermediate No (%) Sensitivity No (%)

Amikacin (AK) 30 9 (75) 2 (16.67) 1 (8.33)
Flumequine (UB) 30 1(8.33) 1(8.33) 10 (83.33)
Cefepime (FEP) 30 1 (8.33) 1 (8.33) 10 (83.33)
Gentamycin (CN) 10 7 (58.33) 2 (16.67) 3 (25)
Tetracycline (TE) 30 0 3 (25) 9 (75)
Trimethoprim & 25 1 (8.33) 4 (33.33) 7 (58.33)
sulphamethoxazole (SXT)
Ciprofloxacin (CIP) 5 2 (16.67) 5 (41.67) 5 (41.67)
Erythromycin (E) 15 9 (75) 2 (16.67) 1 (8.33)
Cefoxitine (FOX) 30 1 (8.33) 4 (33.33) 7 (58.33)
Penicillin (P) 10 11 (91.67) 0 1 (8.33)

(91.67 %) followed by amikacin (AK) and erythro-
mycin (E), with a percentage of (75 %) for each, as
well as gentamycin with a percentage of (58.33 %) as
shown in Table 4.

On the other hand, our results showed that the
MAR index values of the 12 identified A. hydrophila
ranged from 0.2 to 0.6 with an average of 0.32, as
shown in Table 5, which indicates multiple resis-
tance patterns exhibited by the isolated A. hydrophila.
Seven isolates were multi-resistant to four antibi-
otics, whereas four showed considerable resistance
against two antibiotics. Additionally, only one strain
showed multi-resistance to the six antibiotics.

3.5. Histopathological results of naturally infected
O. niloticus

The histopathological findings of tissue samples
collected from organs of naturally infected O. niloticus
gills, kidney, liver, and spleen showed lesions of
septicemia, as shown in Fig. 3e-h.

4. Discussion

With regards to the clinical symptoms and nec-
ropsy findings of the examined O. niloticus, the

Table 5. Multiple Antibiotic Resistance index value of A. hydrophila
isolated strains from infected O. niloticus.

A. hydrophila strains Resistance antibiotic MAR
Ah1l E&p 0.2
Ah2 CN, P 0.2
Ah3 AK, FEP, CN, E 0.4
Ah4 AK, UB, CIP, E, FOX, P 0.6
Ah5 AK, SXT, E, P 0.4
Ahé6 AK, P 0.2
Ah7 AK, CN, E, P 0.4
Ah8 AK, CNE, P 0.4
Ah9 AK, CN, E, P 0.4
Ah10 AK, CN, E, P 0.4
Ah11 CN, P 0.2
Ah12 AK, CIP, E, P 0.4

Average = 0.32

naturally infected fish showed loss of appetite,
dullness, loss of equilibrium, sluggish swimming at
the water surface, detached scales, exophthalmia in
addition to septicemic signs such as hemorrhage on
the body surface, ulcers on the skin, congested gills,
and pale gills with excessive mucus in others.
Postmortem lesions showed congestion of internal
organs such as the liver, spleen, and kidney, with
liver paleness in some cases. Moreover, spleno-
megaly and liver and gall bladder enlargement were
observed, and abdominal distension and seros-
anguinous fluid in the abdominal cavity were
obvious. These findings are consistent with
[12,33,34]. These results could be due to the effect of
toxic extracellular metabolites of the isolated bac-
teria, including aerolysin, hemolysin, and cyto-
toxins, which possess cytolytic, hemolytic, and
enterotoxic activities that cause liver necrosis,
degeneration of renal tubules, and tissue hemor-
rhage with serum and fibrin exudates [35].
Regarding the prevalence of bacterial isolates
from naturally infected O. niloticus, the results
emphasized the significant impacts of A. hydrophila
on the health status of Nile tilapia, especially during
the summer period. The highest prevalence of bac-
terial isolates during the entire period of examina-
tion of naturally infected O. niloticus was A.
hydrophila (43.36 %), followed by A. sobria (20.28 %),
V. fluvialis (12.24 %), V. parahemolyticus (10.14 %), V.
cholera (7.34 %), Ps. putida (4.9 %). However, the
lowest prevalence was recorded for K. oxytoca at a
percentage of (1.75 %). These results were consistent
with earlier work [36—38]. Also, Hamouda et al. [39]
studied the most prevalent bacterial diseases
infecting O. niloticus at Aswan fish hatchery and
found that the total incidence of bacterial infections
was (73 %) among them, A. hydrophila was pre-
dominant with a percentage of (56 %), followed by
A. sobria (45 %), P. fluorescens (33 %) and Enterococcus
faecalis (11 %). The authors noticed that outbreaks of
the detected bacterial pathogens usually occurred
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Fig. 3. (E—H): Naturally infected O. niloticus revealed (E): Gills showing diffuse necrosis and desquamation of lamellar epithelium with numerous
inflammatory and leukocytic infiltrates (arrowheads) beside secondary lamellar blood vessels dilation and inter lamellar hemorrhage (black arrow), H
and E, 400X. (F): Kidney showing diffuse, severe lytic damage and degeneration of renal glomeruli (thin arrow) with edema (star) and hemorrhage
(thick arrow), H and E, 400X. (G): Liver showing lytic necrosis (twisted arrow) with dilated, congested blood vessel (thick arrow) and numerous
perivascular large eosinophilic cells with an eccentric nucleus (thin arrows), H and E, 400X. (H): Spleen showing multifocal granuloma formation
around ellipsoids (thin arrows) with hemosiderosis (thick arrow), H and E, 100X.

during induced spawning in April and May each
year.

In contrast, a lower prevalence of A. hydrophila
(13.2 %) and (10 %) in the isolated Nile tilapia was
recorded by Algammal et al. [12] and Ibrahem et al.
[40], respectively. These differences in the preva-
lence of isolated bacteria in fish can be attributed to
the species, geographical range and sampling time
[41]. The higher incidence of A. hydrophila in our
study may be related to the elevated water tem-
perature during the summer months, which acts as
a stress factor for fish and induces susceptibility to
infection [15]. The cultural and morphological
characteristics of the bacteria isolated from the
examined O. niloticus are consistent with Austin and
Austin [10,42]. The biochemical characteristics of the
retrieved isolates were consistent with Eissa et al.
[15,43] and in agreement with Martin Carnahan and
Joseph [44] Bergey's Manual.

Regarding the molecular identification of isolated A.
hydrophila from naturally infected O. mniloticus, our
results confirmed the presumptive identification of A.
hydrophila isolates by the vitek2 compact system with
the consistent identification of these isolates by PCR
amplification using A. hydrophila 16s rTRNA specific
primers that are essential for epidemiological

investigations by outbreak management, threat anal-
ysis, and source tracing [17]. Bacterial isolates were
identified by particular bands that appeared by elec-
trophoresis at a molecular weight of 1485 bp, which is
specific for bacterial identification, as described by
Lagacé et al. [32]. PCR amplification with A. hydro-
phila-specific primer (A, hydrophila-specific 165
rRNA) identified 12 isolates as A. hydrophila, and a
particular band appeared by electrophoresis at a
molecular weight of 625 bp. These results are consis-
tent with El-son [14] and Gordon et al. [31].

The histopathological examination of tissue sam-
ples from different organs of naturally infected O.
niloticus revealed generalized septicemic and hem-
orrhagic findings. Gills showed diffuse necrosis and
desquamation of the lamellar epithelium with
numerous inflammatory and leukocyte infiltrates,
secondary lamellar blood vessel dilation, and
congestion with interlamellar hemorrhage. In addi-
tion, the kidney revealed diffuse, severe lytic dam-
age and degeneration of the renal glomeruli
epithelium with edema, replacing renal tissue with
hemorrhage and hemosiderosis. The liver showed
lytic and vascular necrosis, replacing hepatic tissue
with dilated and congested blood vessels. The
spleen showed multifocal granuloma formation
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around ellipsoids with hemosiderosis. These results
agree with Afifi et al. [33,34,45]. These changes could
be attributed to extracellular toxins, such as en-
terotoxins, proteases, hemagglutinins, adhesions
[46], and hemolysins [47].

In the pathogenicity test, the tested A. hydrophila
was highly pathogenic to fish at a dose of
(1.5 x 10° CFU/ml) and experimentally infected O.
niloticus showed typical septicemic clinical signs and
necropsy findings related to A. hydrophila causing
65 % mortality in the challenged group. These ob-
servations followed [15], who challenged healthy
Nile tilapia (I/P) with isolated A. hydrophila recov-
ered from naturally infected Nile tilapia during
summer mortality in Kafr El-Sheikh Governorate,
Egypt. The bacterial isolates exhibited virulence to
Nile tilapia and produced severe disease symptoms,
as observed in postmortem pictures of naturally
infected fish with a mortality rate of 70 %. Further,
the inoculated bacteria were re-isolated from the
lesions of the challenged fish and confirmed to be A.
hydrophila, with no mortalities recorded in the con-
trol group that was injected with 0.5 ml sterile saline
I/P. Extracellular metabolites and toxins, such as
hemolysin, aerolysin, protease, and cytotoxic en-
terotoxins, may be responsible for Aeromonas spp.
Virulence [46].

The antibiotic susceptibility of A. hydrophila iso-
lated strains from naturally examined Nile tilapia (O.
niloticus), A. hydrophila strains were highly suscepti-
ble to flumequine (UB) and cefepime (FEP), with a
percentage of 83.33 % for each, tetracycline (TE) by
(75 %). On the other hand, trimethoprim and sul-
phamethoxazole (SXT), CIP, and cefoxitin (FOX)
showed moderate inhibition of isolated A. hydrophila
on Muller-Hinton agar. Meanwhile, the main resis-
tance was observed against penicillin (P), with a
percentage of 91.67 %, followed by amikacin (AK) and
erythromycin (E), with a percentage of 75 % for each,
and gentamycin (58.33 %). This work was supported
by Wei et al. [48], who demonstrated the antibiotic
susceptibility patterns of potentially pathogenic
bacterial isolates of A. spp. that were isolated from
diseased red hybrid tilapia. Most isolated bacteria
were resistant to ampicillin, while all the bacterial
isolates were sensitive to flumequine, nalidixic acid,
and oxytetracycline. In contrast, these results
disagree with Essmat [49], who tested 70 of A. hydro-
phila isolates for antibiotic sensitivity and declared
that all isolates (70/70) were sensitive to gentamycin
(100 %) and 63/70 isolates were susceptible to cefo-
taxime (90 %). In comparison, three isolates (4.2 %)
were intermediate, and four (5.7 %) were resistant.

A MAR index above 0.2 is a parameter used to
evaluate the spread of bacterial resistance in certain

populations [29]. The MAR values of the identified
A. hydrophila isolates against the 10 antibiotics used
in our study ranged from 0.2 to 0.6, with an average
of 0.32, suggesting that these strains originated from
an area with a high risk of exposure to antibiotics
and, therefore, threatens the spreading of MAR to
aquatic environments, which has an impact on
aquaculture production and the direct spread of
resistance from aquatic environments to humans
with the development of resistance to human health
[50]. These results follow Laith and Najiah [51], who
studied A. hydrophila antimicrobial susceptibility
and found that the MAR index for A. hydrophila
isolates ranged from 0.10 to 0.50. Similarly, Sreed-
haran et al. [52] reported that the MAR index value
for isolated aeromonads from ornamental fish
ranged from 0.2 to 0.46.

5. Conclusions

It can be suggested that A. hydrophila is one of
the main causes of summer mortality outbreaks in
Nile tilapia in Egypt, and molecular detection
methods are more rapid and cost-effective than
bacteriological methods for detecting causative
agents. Flumequine and cefepime were the most
effective antibiotics against A. hydrophila. The MAR
index in our study revealed that bacteria originated
from a habitat in which different antibiotics were
used. Therefore, farmers should be aware of basic
fish health control and avoid multidrug-resistant
bacteria by promoting alternative non-antibiotic
control strategies for bacterial infections in farmed
fish.
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