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ABSTRACT

Several types of diseases occur during Asian swamp eel (Monopterus albus) culture, the most
prevalent being bacterial hemorrhagic disease. In the Mekong Delta, farming Asian swamp eel
(M. albus) is severely affected by a highly fatal hemorrhagic disease that causes massive
economic losses. This study aimed to determine the causative agent of hemorrhagic disease in
Asian swamp eels. Several clinical signs were observed, including red swollen vents, head edema,
abdomen and/or internal organ hemorrhage. A total of 52 bacterial isolates were recovered on
Tryptone Soya Agar from different diseased eel farms in the Mekong Delta, including Hau Giang,
Can Tho, An Giang, Vinh Long, and Bac Lieu provinces. A bacterial morphology examination
showed that the isolates were Gram-negative, short rod-shaped, 0.1 - 0.3 mm colony size with
creamy yellow color after 24 hours incubation at 28°C. Furthermore, an assessment of the
biochemical identification system indicated the presence of motile Aeromonas spp. In addition,
the 16S rRNA gene sequencing results confirmed that the majority of the isolates were
Aeromonas veronii. A challenge test was carried out to determine the pathogenicity of A. veroni
isolates collected from the eels. The calculated LDs, value of the CT07 isolate was 1.51x10*
CFU/eel after a 14-day injection in eels with clinical signs similar to those observed in diseased
eels on the farms. Moribund eels were also sampled for histopathological examination. Moreover,
antibiotic susceptibility testing of 19 isolates was performed using eight antibiotics in this study.
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1. INTRODUGTION

The Asian swamp eel (Monopterus albus) is a
commercially crucial cultured freshwater fish in
China and Southeast Asian countries, including
Vietnam [1]. In Vietnam, seafood is considered a
key economic sector, particularly in the Mekong
Delta. Scientists are especially interested in the eel
since it has the ability to change females [2].
Along with that development, farmers also face a
big problem of disease in Asian swamp eels. In
particular, a group of bacteria, Aeromonas spp.,
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was commonly recorded as the main pathogen in
freshwater fish in the Mekong Delta.

Aeromonas veronii has caused significant
losses in many cultured freshwater and marine
fish species worldwide. It has infected almost all
freshwater and some brackish water fish species
and caused mass mortalities in severe production
and economic losses [3]. Aeromonas spp. isolated
from EUS-infected fish was found virulent in fish
on artificial infection studies [4]. Among different
motile Aeromonas species, A. veronii has recently
emerged as one of the important fish pathogens
causing infections in catfish, Jctalurus punctatus
[5], tilapia, Oreochromis niloticus [6], European
seabass, Dicentrarchus labrax [7], goldfish,
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Carassius auratus [8], common carp, Cyprinus
carpio [9]. However, there have been no specific
studies on bacterial hemorrhagic diseases in Asian
swamp eels in the Mekong Delta. Due to the
diversity of pathogens, the prevention and
treatment of diseases in aquatic animals is only
effective when the causative agent of the disease is
accurately identified. To find out more information
on the causes of hemorrhagic disease in swamp
eels, the study entitled '"Isolation and
characterization of bacterial pathogens causing
hemorrhagic disease in Asian swamp eel
(Monopterus albus Zuiew, 1793) in the Mekong
Delta)" was carried out.

2. MATERIALS AND METHODS
2.1. Sample collection

Asian swamp eels with clinical signs such as
hemorrhage at internal organs and/or head edema
were collected from eel farms in the Mekong
Delta, including Hau Giang, Can Tho, Vinh Long,
and Bac Lieu provinces from April 2021 to May
2023. The eel samples were collected directly at
the farm and delivered to the laboratory at the
Faculty of Aquatic Pathology (CTU) for further
analysis.

2.2. Bacterial isolates

The liver and kidney of eel samples were
streaked onto tryptone soy agar (TSA, Merck),
glutamate starch phenol red (GSP, Merck), and
incubated at 28°C for bacterial isolation. After 24
hours of incubation, the predominant colonies
were subcultured until pure colonies were
obtained. Then, the isolates were preserved at -
80°C in tryptone soya broth (TSB, Merck)
containing 25% glycerol for further study.

2.3. Morphological and biochemical identification

The obtained colonies were examined for
morphological features, including color, Gram
staining, motile, oxidase, catalase, and oxidative-
fermentative (O/F) tests [10]. Biochemical
characterization of the isolates was performed
using the API® 20 E (Biomerieux, France)
according to the manufacturer’s instructions.

2.4. 16S rRNA sequencing and phylogenetic
analysis

The isolated colonies were species-identified
using 16S rRNA sequences. The bacterial 16S
rRNA amplification was conducted using the
universal primers 27F (5-AGAGTTTGATCCTGG
CTCAG-3) and 1492R (5-GGTTACCTTGTTACG
ACTT-3). The multiple alignments of the 16S
rRNA sequences achieved in this study and their
closely related species retrieved from GenBank
were conducted using the Clustal W method, and
the phylogenetic tree was performed using the
Neighbor-Joining method with the bootstrap set to
10,000 replicas in MEGA 7.0 software [11].

2.5. Experimental determination of the bacterial
virulence

All isolates were evaluated for their capacity to
cause disease in eels using 10° and 10° CFU/mL
injection doses. The CT07 strain was selected for
further investigation due to its potential to cause
eel death (data not shown). Healthy eels (6 - 9 g)
were handled in accordance with the Animal
Ethics Committee of Can Tho University. The eels
were randomly arranged at a density of 10
eels/tank (35 L) with a water column around 10
cm high, aeration, and nylon rope as substrates.

The pathogenic bacteria strain CT07 was
recovered from glycerol stocks and streaked
directly onto TSA. After 24 hours, a pure colony of
each isolate was cultured in 10 mL of TSB
overnight at 28°C, 200 rpm. To determine the 50%
lethal dose of pathogenic bacteria based on a
previous study [12], five groups of healthy eels (n
= 150) were injected intraperitoneally with the
bacterial strain at concentrations of 7.73x10%
7.73x10%, 7.73x10%, 7.73x10° CFU/eel. In contrast,
the control group was injected with sterile
physiological saline (0.9% NaCl). Thereafter,
cumulative mortality was monitored for the next
14 days. The liver and kidney of moribund eels
were streaked onto TSA medium for bacterial
isolation, and eel tissues (liver, kidney, and
intestine) were collected for histopathology
examination. These re-isolated strains were
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biochemically compared to the CT07 strain used in
the challenge.

2.6. Histopathological analysis

Internal organs (liver, kidney, and intestine)
were collected from moribund eels and fixed in a 10%
NBF (Neutral buffered formalin) solution. After 24
hours, the samples were rinsed with running water,
transferred to 75 - 100% ethanol for dehydration,
cleared with xylene, and finally infiltrated with
paraffin wax. The standard paraffin embedding
procedure was applied to the section with a
thickness of 5 um, and the slices were stained with
hematoxylin and eosin (H&E) methods. Light
microscopy (ECLIPSE E200, Nikon) was utilized to
detect pathological changes in stained histological
sections.

2.7. Investigation of antibiotic susceptibility

Antibiotic susceptibility of 19 bacterial isolates
was carried out using the disc diffusion method
under the Clinical and Laboratory Standards
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Institute guidelines [13]. A total of 8 antibiotics,
including amoxicillin/clavulanic (AMX/30 pg),
cefotaxime (CTX/30 png), cephalexin (CL/30 ng),
colistin sulfate (CT/50 pg), doxycycline (DO/30
ng), florfenicol (FFC/30 pg), rifampicin (RIF/30
ng), trimethoprim/sulfamethoxazole (SXT/1.25/
23.75 pg), were employed to evaluate bacterial
susceptibility. The inhibition zones of diameter
were classified as (S) susceptible, (I) intermediate,
and (R) resistant [13].

3. RESULTS AND DISCUSSION
3.1. Clinical symptoms and sample collection

The clinical signs of infected Asian swamp
eels are shown in figure 1, mainly as a

hemorrhage at internal organs and/or head
edema. In the nursing stage, abdominal bleeding
was the primary clinical symptom (Figure 1.A). In
the adult stage, the body of infected eels appeared
with sores and/or head edema (Figure 1.B-C).

(A) Abdominal bleeding in the nursing stage; (B, C) eel with ulceration and edema of the head in
the adult stage; (D) clinical sign of internal organ hemorrhage in diseased eels
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The results of the bacterial isolation from Aeromonas spp. were obtained from the eel liver

diseased eels are shown in Table 1. A total of 158
diseased eels were used, and 52 isolates of

and kidney.

Table 1. Summarised results of Aeromonas spp. isolation from Asian swamp eels infected
with hemorrhagic disease

i , Number of eels | Number of Aeromonas
Time Location .
sampled spp. isolates
April to June 2021 An Giang province 7 2
June to October 2022 Vinh Long province 21 7
March 2022 to May 2023 Hau Giang province 92 32
April to December 2022 Can Tho city 28 9
May 2023 Bac Lieu province 10 2
Total 158 52

3.2. Bacterial identification characteristics of the isolated bacteria showed that

All isolates grew well on TSA after 24 hours
incubation at 28°C. The colonies were round,
slightly raised, creamy yellow on TSA (Figure 2.A)
and yellow on GSP agar (Figure 2.B). The
bacterial isolates were capable of causing pB-
hemolysis on BA medium supplemented with 5%
sheep blood (Figure 2.C). The morphological

they were motile, giving positive reactions to
catalase, oxidase, oxidizing, and fermenting (O/F)
glucose. Gram-staining showed that the bacterial
cells stained red/pink and appeared short rod-
shaped, indicating that the strain was Gram-
negative (Figure 2.D).

e /7 i & -:'.:',:4' :
Figure 2. Characterization of the isolated bacteria

(A) Colonies on TSA; (B) Colonies on GSP: (C) Colonies on BA medium supplemented with 5%
sheep blood; (D) Gram-stained bacterial cells (100X).
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The physiological and biochemical
characteristics of 52 isolates are presented in
Table 2. According to the biochemical results
using the API 20E Kkit, the bacterial isolates
collected from hemorrhagic eels exhibited

biochemical features compatible with Aeromonas
spp., as described by previous studies [14], [15].
The isolated bacteria were phenotypically identical
except for the ADH, ODC, TDA, VP, AMY, and
ARA reactions (Table 2).

Table 2. Results of physiological and biochemical characteristics of isolated bacteria

ldentification test (§) Aeromonas VTerOH i Aeromonas veronii Aeromonas spp.
ATCC 35604" [14] [15] (This study)
Gram - -
Shape Rod-shaped Rod-shaped Rod-shaped
Motility Motile Motile Motile
Oxidase + + +
Catalase + + +
O/F test +/+ +/+ +/+
ONPG + + +
ADH - + +
LDC + + +
ODC + -
CIT + + +
H,S - -
URE - -
TDA + +
IND + + +
VP + +
GEL + + +
GLU + + +
MAN + + +
INO - -
SOR - -
RHA ; .
SAC + + +
MEL - -
AMY + +
ARA - +

Notes: (+) positive; (-) negative.
In addition to the API 20E examination, 16S
rRNA sequencing and phylogenetic analysis are

used for species identification. The BLASTn
results showed that the CT07 strain was 99.7%
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identical to Aeromonas veronii strain HN1903
(Accession: MT990643.1) in the NCBI database.
After multiple alignments of highly similar
sequences, the phylogenetic results indicate that
the 16S rRNA gene sequence of A. veronii forms a
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Figure 3. Phylogenetic tree between isolate (CT07)

MT226399.1 Aeromonas

distinct cluster (Figure 3). As a result, the strain
was designated as A. veronii based on its
morphological, physiological, biochemical, and
molecular properties.

veronii

MT071624.1 Aeromonas veronii
A cro7
MK898824.1 Aeromonas veronii bv. veronii
NR 112837.1 Aeromonas sobria
NR 037012.2 Aeromonas sobria
73l NR_119044.1 Aeromonas sobria
NR 119039.1 Aeromonas hydrophila
®l NR 114883.1 Aeromonas hydrophila
NR_119190.1 Aeromonas hydrophila
NR 104824.1 Aeromonas caviae
| NR_029252.1 Aeromonas caviae

& NR _119058.1 Vibrio parahaemolyticus

NR 113604.1 Vibrio parahaemolyticus

and other reference strains based on 16S rRNA gene

sequences. At branching nodes, the bootstrap support values are provided

Motile Aeromonas species are diverse and
widely distributed in freshwater environments
[16]. Previous studies reported that A. veronii was
an opportunistic bacterium that caused high
mortality in aquatic animals [17], [18]. To date,
several freshwater species were infected by A.
veronii, such as channel catfish, JIctalurus
punctatus [5], tilapia, Oreochromis niloticus [6],
European seabass, Dicentrarchus Ilabrax [7],
goldfish, Carassius auratus [8], common carp,
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Cyprinus carpio [9]. In this study, the clinical
symptoms  (Figure 1) were remarkably
comparable to those observed in a previous study
on Asian swamp eels infected with A. veronii in
China, including red swollen vents, head edema,
abnormal swimming, abdomen hemorrhage and
hemorrhage at internal organs [19].

3.3. Pathogenicity of Aeromonas veronii

in Asian swamp eels
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Figure 4. Clinical signs of eels post-challenge with strain CT07. (A) surface hemorrhage, (B) abdomen
hemorrhage, (C) head edema, (D) red swollen vents
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To calculate the lethal dose of the CT07 strain
in Asian swamp eels, the challenge experiment
was conducted at doses of 7.73x10%, 7.73x10°%
7.73x10%, 7.73x10° CFU/eel (with abbreviated
codes as CT07-2, CT07-3, CT07-4, and CTO07-5,
respectively) and treatment was injected with
physiological saline (0.9% NaCl) as a control
treatment.

The challenged eels exhibited typical
symptoms of diseased eels similar to those
observed at the farms, including lethargic
swimming, anorexia, loss of mucus, abdominal
hemorrhage, head edema, red swollen vents, liver,
and renal hemorrhage (Figure 4), which were
similar to previous study report [19]. Previous
studies showed that Aeromonas spp. infection was
the most dangerous causative agent in several
aquatic animals [15], [20].

100 T CT07
] =—CT072

80 + ——CT07-3
1 —e=CT074
] -m=CT07-5
40 + =¥=Control

60 +

Cumlative mortality (%)

9 10 11 12 13 14
Times (Days)
Figure 5. Cumulative mortality (%) of healthy
Asian swamp eel injected with CT07

All challenge treatments exhibited mortality
during the 14-day experimental monitoring,
whereas no mortality was noted in the control
group. In particular, the eels began to show signs
of lethargy swimming and slow response to noise
on the first day. At all bacterial challenge
treatments, the mortality started on day 8, where
the CT07-6 treatment had the highest mortality.
Afterward, the cumulative mortality percentage
increased dramatically in all treatments, and the
eels ceased dying on day 12 post the injection
(Figure 5). The challenge results showed that the
calculated LD, value was 1.51x10° CFU/mL and
lower than the previous study of 1.52x10” CFU/mL
[19]. Therefore, farmers should be aware of the

presence of Aeromonas spp. in the Asian swamp
eel hatchery and have suitable treatments to
prepare a pond before stocking. Similarly, acute
mortality was also found in the experimental
challenge of red tilapia (Oreochromis sp.) with A.
veronii [21]. Furthermore, A. veronii severely
threatens freshwater species and could harm fish
health [22]. The discrepancies in the clinical signs
and pathological changes in the infected fish
might be associated with the kind and degree of
stress exerted on the fish, the level of bacterial
virulence, the genetic disease resistance of the fish
species, and different strains of the bacteria [19].

3.4. Histopathology of infected eels

Histological observations at the liver, kidney,
and intestine showed that hemorrhage appeared
on all three organs when the eels were infected
with A. veronii (Figure 6). In the liver, congestion
was recorded in the blood vessels and capillaries,
followed by the degeneration of hepatocytes and
the concentration of inflammatory cells (Figure
6.A-B). In addition, the hemorrhage was presented
in the renal tissue, and proximal tubules were
observed with necrosis leading to loss of tubular
structure. Concentrations of inflammatory cells,
melano-macrophages, and necrotic tissues around
the hemorrhagic zone were also recorded (Figure
6.C-D). The mucous membranes in the intestine
were shed and the intestinal villi were collapsed,
leading to a disruption in the absorption of
nutrients. Red blood cells hemorrhagic from the
inside of the intestinal villi and connective tissue
layer slough into the intestinal lumen,
accompanied by sloughing of mucous-secreting
cells and intestinal microvilli (Figure 6.E-F). In
this study, the histological structure of eels
infected with A. veronii was similar to previous
studies on other species [15], [23]. Moreover, all
internal organs (especially intestinal tissue) of
cultured eels infected with A. veronii in China
were also observed [19]. Multi-organ hemorrhage
of infected eels is suggested to be related to the
hemolytic virulence of Aeromonas species [15],
and the bacteria hemolysis was confirmed when
grown on blood agar plates. The signs of
coagulation necrosis and renal structural disorder
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in the previous study were similar to this study (Figure 6.D). Pathological signs were seen in renal
[19]. In addition, fragmentation, shrinkage, and tissue-specific to A. veroniiinfection.
fading of kidney cell nuclei were also observed.

4 S . < S -

Figure 6. Histopathological changes of the liver, kidney, and intestine from the infected eels (4, B). liver
of diseased eel with hepatocyte degeneration (HD) and congestion in the blood vessels (red arrow); (C,
D): kidney of diseased eel observed inflammatory kidney tissue (KN) and tubular coagulation necrosis

(red arrow); (E, F): intestine of diseased eel with the shedding of the mucous membrane (SI) and
hemorrhage from the connective tissue (red arrow).
3.5. Antibiotic susceptibility
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Figure 7. Antibiotic susceptibility evaluations on isolates

Amoxicillin/clavulanic (AMX/30 ug), cefotaxime (CTX/30 ug), cephalexin (CL/30 ug), colistin sulfate
(CT/50 ug), doxycycline (DO/30 pg), Horfenicol (FFC/30 pg), rifampicin (RIE/30 png),
trimethoprim/sulfamethoxazole (SX1/1.25/23.75 ig).

The antibiotic susceptibility data of 19 A. in figure 7. The results revealed that the majority
veronii isolates against eight antibiotics are shown of the isolates were susceptible to cefotaxime
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(72.22%) and colistin sulfate (80%). In contrast, A.
veronii isolates exhibited a more significant
percentage of resistance to cephalexin (64.28%),
trimethoprim/sulfamethoxazole  (77.77%), and
amoxicillin/clavulanic (100%). The previous study
suggested that the first option of treatment for
Aeromonas  infections is  cephalosporins,
aminoglycosides, quinolones, tetracyclines
(excluding tetracyclines), phenicols, nitrofurans,
and sulfonamides [19]. In addition, A. veronii was
also found highly susceptible to cefotaxime,
nevertheless resistant to two other medicines,
ampicillin and nalidixic acid [24].

Overall, the principle of utilizing drugs should
not only consider drug sensitivity but also strictly
comply with regulations for aquatic products.
Therefore, we recommend florfenicol and
cefotaxime to control hemorrhagic disease in
Asian swamp eels.

4. CONCLUSION

The main pathogen causing hemorrhagic
disease in diseased Asian swamp eels in the
Mekong Delta was confirmed to be Aeromonas
veronii by morphological, biochemical
identification, and 16S rRNA sequencing. The
experimental injection challenge study was
performed and fulfilled Koch’s postulates with the
LD,, of 1.51x10° CFU/eel. The pathological
changes were noted in the liver, kidney, and
intestines of Asian swamp eels infected with A
veronii, Antibiotic sensitivity testing showed that
the isolated bacteria were susceptible to several
antibiotics, and we recommend florfenicol and
cefotaxime to control hemorrhagic disease in
Asian swamp eels.
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