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First report of Enterobacter soli associated with
gastro-hepato infection of farmed fish, Channa striata
in Malaysia
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The freshwater snakehead fish Channa striata is extensively distributed across tropical
Africa and Asia. This fish becomes an important commodity in the aquaculture business
that has been industrialized very fast over the last ten years. However, diseases brought
economic loss to the industry estimated to be in billions. Although wild Channa striata
are known to be highly resistant to diseases, the case under captivity may be different. For
instance, an occurrence of selective mortality was found in a farm of Channa striata in
Selangor, Malaysia. The etiology of the infection was attributed to a bacterium that belong
to Enterobacteriaceae family. This family is known to be widely distributed in nature and
was previously found to be involved in mortality of different fish species. Accordingly,
16S rRNA gene sequencing was used to identify bacteria isolated from skin and liver of
moribund fish; the present research confirmed that the causative disease agent had been
Enterobacter soli. To our best knowledge, it is the first to report this bacterium species as
a disease causative agent in fish. Furthermore, clinical and histopathological changes of
healthy fish samples were followed up applying the Koch’s procedure.
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Introduction
The freshwater snakehead fish Channa striata1 is from the
family of Channidae; it has a wide variety of habitats ranging from
lakes, rivers, ponds, swamps, canals and rice fields. Geographically,
their natural habitats extensively include south Asia, south China,
Indochina, and Sunda Islands.1,2 In Malaysia, the fish is commonly
known as Haruan. It is popularly eaten by local people to enhance
wound healing. This could be attributed to the fact that its fresh fillet
was reported to contain an appreciable amount of arachidonic acid
which is a precursor of prostaglandins,3 that plays a role in blood
clotting and tissue growth.4 Its fresh fillet also contains high glycine,3,5
an amino acid required for collagen formation in human skin.
Over the last ten years, the aquaculture business has grown
very fast in the Asia-Pacific region.6 Notwithstanding, the fact that
aquaculture is the fastest growing food-production industry in the
world the sector is plagued by diseases. The annual economic loss to
the aquaculture industry through diseases is estimated to be billions
of US dollars worldwide.7 Major pathogens that affect the industry
include bacteria,8,9 fungi,10 viruses11and parasites.12
Several types of bacteria are opportunistic pathogens; thus, can
lead to mortalities when fish is under severe condition of stress.11
Enterobacteriaceae is extensively spread in nature. It is found
in soil, water, faeces of humans and animals, insects, plants, plant
materials, and dairy products.13 It comprised 50% of the microbes
recovered from both water and fish of earthen pond fertilized with
animal faecal waste.14 Enterobacteriaceae species were found
to be involved in the mortality of different fish species such as
Pangasianodon hypophthalmu.15 Mugil cephalus16 and O. niloticus.17
In this preliminary report, bacteria from infected Channa striata,
were isolated and characterized and identified using 16SrRNA gene
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sequence. Furthermore, clinical and histopathological examinations
were carried out to investigate the signs of the disease.

Materials and methods
Bacteria isolation
The Occurrence of selective mortality of Channa striata was
observed in a fish farm in Selangor area, Malaysia. About 50 samples
of fish caught from ponds were transported alive in containers partly
filled by the same water of the fishpond to the laboratory of genomic
and evolutionary biology at the University of Malaya, and they were
kept in precleaned and sterilized aquaria filled with dechlorinated
tap water. A randomly chosen sample of five sluggish moribund fish
showed lethargy, reduced feeding, skin white lesions was taken. Fish
were rinsed with de-ionized water then slayed and dissected inside the
BSC (Biosafety cabinet). A swab from liver and deeply infected areas
of the skin (after removing the scales) were taken and inoculated onto
Tryptic soy agar (TSA) with 1% Na Cl added and nutrient agar. Plates
were incubated at 30°C for 24 hours. Colonies were then sub-cultured
for pure culture isolation. Six isolates of bacteria were identified.
However, only one of them gave typical symptoms of the disease
observed in the fish farm which is used in the LD50 and pathogenicity
of the disease. Clinical and histopathological changes of healthy and
challenged fish samples were reported following the Koch’s procedure
to confirm the causative agent.

Amplification of 16S rRNA and sequencing
Isolated bacteria were grown in nutrient broth with 1% Na Cl
added. Inoculated overnight at 30°C. DNA of the bacteria was
extracted from the isolates describedvabove by a Qiagen kit following
the manufacturer protocol. The 16S rRNA gene was amplified by a
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forward primer (27F 5’AGAGTTTGATCCTGGCTCAG3’) and a
reverse primer (1492R 5’TACGGTTACCTTGTTACGACTT3’).
Amplification was achieved in a thermal cycler (Eppendorf Master
cycler gradient; Eppendorf, Hamburg, Germany), using the following
programs: at 94°C for 5 min (1 cycle), at 94°C for 40 seconds (35
cycles), 40 seconds at 53°C, 40 seconds at 72°C and a finally 1 cycle for
5 minutes at 72°C. The products were checked by gel electrophoresis
through 1% agarose in the TBE (Tris-borate EDTA) buffer. Then
Qiagen Gel purification kit (Germany) was used for purification of the
product which was sequenced with an ABI PRISM 3730xl Genetic
Analyzer of Applied Biosystems, USA with Big Dye® Terminator
v3.1 Cycle Sequencing Kit. The amplified 16S rRNA gene sequences
were blast analyzed.

LD50 experiment
An amount of approximately 10 mg (3 full loops) of the fresh pure
culture of the bacteria mixed with 1 ml PBS, then 10-fold dilutions
were prepared by the serial dilution method. This dilution (10 mg in 1
ml) was used as the base for the serial dilutions. Four serial dilutions
with approximately107, 106, 105 and 104 CFU/ml were consecutively
prepared to be used for the (LD50) experiment. From each of the
above-mentioned dilutions, 0.2 ml bacterial suspension was injected
intramuscularly to each individual fish of the 4 groups (n=10) which
were previously stocked in separate tanks. Tricaine methanesulfonate
(MS-222) at a concentration of 150 ppm was used to anesthetize fish
prior to injection. Each group was kept in a separate aquarium labeled
properly to recognize the dose. The experimentally infected fish were
observed up to 15 days. The mortality record of the LD50 value was
worked out. The number of colonies in the plate that killed half of the
population (LD50) was 32 colonies. The amount of bacteria suspension
used was 200 µl so the calculation of CFU for LD50 as follows:
CFU /ml = (no. of colonies x dilution factor) / volume of culture
plate
= 32 × 1000000 / 0.2ml = 16 × 107 cfu/ml
This study precisely presented the official ethical review board
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(UM ICUCA) for approval [Ethic No. ISB/13/03/2015/IE (R)].

Pathogenicity experiment
The intramuscular injection technique, a method applied by
several investigators18–20 was used to detect both the effectiveness
of the method in initiating the disease and the pathogenicity of the
bacteria. One ml of sterile and disposable insulin needles was used
for intramuscular injection. A total of 30 fish was injected with 0.2
ml of LD50 (16×107 CFU/fish) bacterial dosage below the fore part
of the dorsal fin. Disinfection by cotton containing 70% alcohol was
used before injection. Another group of fish (n=10) was injected by
the same dose of the PBS as a control. The fore part of the dorsal fin
was selected for injection because it contains the deep muscle. These
two groups of experimented fish were realized in separated aquaria,
and they were noticed up to 15 days of the experimental length for
any changes in the clinical appearances, and they have been recorded
appropriately.
Every morning about 70% of the water is changed and the fish is
provided with pellet feed. The clinical signs observed were lethargy,
loss of appetite, lesion of the skin and mortality. Liver and muscle
samples were taken from moribund fish and kept in 10% phosphatebuffered formalin solution for histopathological examination.

Results
Molecular identification using 16S rRNA sequence
The identification of Enterobacter soli bacterium is based on the
sequence of 16S rRNA gene (1160bp). The sequence was identified
using Ez Taxon database.21 Then characterized and matched for
its similarities towards other relative strains. Identification search
of nucleotide sequences through the Ez Taxon server showed that
Enterobacter soli strain LF7a had the highest (99.31%) similarity
with the bacterium isolated in this study from the fish. Whereas the
Enterobacter asburiae strain JCM 6051 and Enterobacter cloacae
strain LMG 2683 was 98.36 & 98.18% respectively (Table 1 & Figure
1).

Table 1 Identification similarity of isolated bacteria Enterobacter soli with other species from Ez Taxon based on 16S rRNA gene sequencing
Species strain

Strain

Ez Taxon
accession no.

Similarity%

Completeness (%)

Enterobacter soli

LF7a

CP003026

99.31

100

Enterobacter asburiae

JCM 6051

AB004744

98.36

97.26

Enterobacter cloacae

LMG 2683

Z96079

98.18

100

Enterobacter cloacae subsp. cloacae

ATCC 13047

CP001918

98.1

100

Enterobacter aerogenes

KCTC 2190

CP002824

98.01

100

Enterobacter ludwigi

EN-119

JTLO01000001

97.93

100

Enterobacter kobei

CIP 105566

AJ508301

97.84

99.32

Enterobacter cancerogenus

LMG 2693

Z96078

97.83

100

Enterobacter hormaechei

ATCC 49162

AFHR01000079

97.41

100

Enterobacter mori

LMG 25706

GL890774

97.23

100

Enterobacter xiangfangensis

10-17

HF679035

97.22

97.61

Enterobacter siamensis

C2361

HQ888848

96.02

97.74
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Figure 1 Phylogenetic tree deduced from the 16S rRNA gene sequences of the isolated bacterium with other Enterobacter spp. reconstructed by the
neighbour-joining method. The numbers shown at the branches denote the bootstrap majority consensus values of 1000 replicates.

Experimental infection of fish

Histopathological changes

Clinical signs

On histopathological examination of the liver of the injected
fish, blood congestion in the blood vessel was observed in addition
to hemorrhage and necrosis (Figure 3) beside rupture of central vein
lining (Figure 4). The liver also showed dilation and congestion of
central vein (Figure 5) (Figure 6). The pathological findings in the
muscle of challenged fish included degeneration in muscle bundles
and aggregations of inflammatory cells among them.

No any clinical signs of the disease or abnormal behaviour were
observed within the control group of fish (PBS-injected) throughout
the experiment period. Signs were observed in fishes injected with
Enterobacter soli. Three days after the injection, the main clinical
signs observed in fish injected with the bacteria included scale loss
and white skin lesions (Figure 2). Seven days’ post-injection, skin
lesions further developed into ulcerations. On the 10th day of post
injection fish behaviors of the swimming were also affected, as most
fish were practiced swimming with a tethering movement, with
unnatural backward and forward activity. On the 14th day of the post
injection Moribund fish showed weakness with loss of appetite, and
remained at the surface of the tank water before dying.

Figure 3-6 Channa striata liver infected with Enterobacter soli bacteria.

Figure 2 Clinical signs of the infected Channa striata with isolated Enterobacter
soli. Photo was taken 3 days post infection while the fish was alive inside the
water.

(Figure 3 Early inflammatory cells infiltration in blood vessels, haemorrhage and
necrotic area. Figure 4 rupture of central vein lining (arrow) with haemorrhage
and blood congestion. Figure 5 Marked dilation (arrow) and congestion of
central vein. Figure 6 Channa striata muscle with acute inflammation and
neutrophilic infiltrate (arrow) had led to necrosis and loss of muscle fibre
structure. (H&E staining)).
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Discussion

Acknowledgements

Currently, the bacterial family Enterobacteriaceae has 53 genera
and over 170 named species10 indicating its importance. Hitherto
a small number of these species, if any, were isolated from warmblooded vertebrates.22 Its main genera are Escherichia, Proteus,
Klebsiella, Citrobacter and Enterobacter.23 The aim of the present
study is to investigate the causative agents elaborated in observed
selective mortalities of the Channa striata fish in aquaculture
premises in Malaysia. Results revealed that Enterobacter soli, first
isolated from soil by Manter et al.,24 was the causative agent for these
mortalities. As C. striata fish are found in freshwater bodies such as
rivers and ponds, contamination by bacteria through run-off water to
these water bodies, which is the ultimate source of water for tropical
rivers, could not be excluded. Recently, 37 Enterobacteriaceae strains
were isolated from 40 Oreochromis niloticus fish samples.17 However,
as a disease-causing agent Enterobacter Cloacae had earlier been
found to have possible involvement with fish infection.16 Thus, the
current study is the first to report Enterobacter soli as a disease
causative agent in fish.
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In this study, the main clinical signs in experimentally diseased
fish were skin ulcer, dullness, appetite loss and abnormal swimming
behavior which may be pretty similar to those noted by Hassan et al.1
Histology is the study of tissues, including their role in the body, their
anatomy, their interaction with body systems and the ways they are
affected by the disease. In this study, we observed hepatic lesions
including blood congestion that may be due to increased blood influx
to the liver. This finding is in line with25 in Orechromis niloticu.26
and in channel catfish infected with Edwardsiella tarda. Sinusoids
and small blood vessels congestion were observed that makes blood
movement from the hepatic portal vein and hepatic artery into the
central vein quite hard. These difficulties in blood flow cause dilation
of sinusoids that may reach the extent of rupture of blood vessels;
similar findings were also observed by Ikpesupp and Ezemonye.27
Other histological alterations observed microscopically in the liver
of challenged fish were cellular degeneration and necrosis which
were also observed by Alaa;28 Hassan et al.17 who elucidated that
Inflammatory and necrotic changes in rainbow trout fry and cyprinids
indicate typical acute bacterial septicaemia caused by Citrobacter
freundii. A notable gathering of inflammatory cells infiltration next
to some blood vessels could be attributed to the presence of necrotic
cells that act as irritant substances that bring these inflammatory cells.
This is fairly consistent with Mekkawy.25 In general, the accumulation
of these cells is an actual response of body tissue facing injury or
bacterial infection.29
Histological changes in the muscle include inflammatory cells
infiltration due to the bacterial infection. Therefore, this result is in
line with the findings of El-Banhawy29 who studied the pollution of
Solea vulgaris and Tilapia zillii fish from a lake that receives large
amounts of contaminated drainage water.30–32

Conclusion
In this study, we isolated Enterobacter soli from diseased
fishy, and indicated that it is the causative agent of the selective
mortality observed in the Channa striata. Furthermore, clinical and
histopathological changes of healthy fish samples and challenged
fish were reported following the Koch’s procedure to confirm the
causative agent. The current study is the first to report Enterobacter
soli strain as a disease causative agent in fish.
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