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Identification and characterization of
marine pathogenic vibrios in cultured
golden pompano (Trachinotus ovatus) in
Guangxi, China

Vibriosis has caused great economic losses to marine aquaculture with high mortality worldwide.
Guangxi province is an important cultured center for tropical marine fish species in South China. However,
no research focused on epidemiological characterization of vibriosis in golden pompano aquaculture
in Guangxi province have been carried out. We isolated and identified the strains of V. harveyi caused
the serious disease that occurred in cultured golden pompano in Guangxi province, by biochemical and

physiological tests, and PCR. A cell line derived from the brain of golden pompano Trachinotus ovatus
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Introduction

As one of the most devastating and prevalent diseases in
marine aquaculture, vibriosis has caused great economic losses
with with high mortality worldwide [1]. Vibrio species could
cause serious diseases in various cultured tropical fish, such as
golden pompano (Trachinotus ovatus), tilapia (Oreochromis sp),
eel (Anguilla anguilla) and trout (Oncorhynchus mykiss) [2]. The
distribution of Vibrio has recently been extended due to global
warming, which brings about higher prevalence of pathogenic
vibrios and more potential harms in aquatic environments [3].
Some Vibrio species are also opportunistic human pathogens,
which could infect humans through skin contact or injuries
and cause serious diseases [4]. The current control strategies
against vibriosis are mainly focusing on chemotherapy and
vaccination [5]. However, the abuse of antibiotics has caused
the occurrence of multidrug resistant strains, which also poses
high risks to human health [6]. Golden pompano Trachinotus
ovatus, Carangidae, Perciformes, is a commercially important

(TOGB) had been established and characterized in the previous study, was applied to analyze the
cytotoxicities of extracellular products (ECPs) from GT-V. harveyi isolates. We also proved that GT-V.
harveyi isolates produced cytotoxic effects in vivo. This study identified the vibriosis outbreaks in golden
pompano aquaculture in Guangxi province this year.

cultured marine fish and widespread across in China, Japan
and some other Asian countries [7]. The golden pompano
aquaculture industry grown rapidly in recent decades, but is
seriously threatened by pathogens, such as bacteria, virus and
parasite, which have caused great economiclosses [8]. Especially
the bacterial diseases caused by pathogenic vibrios, they come
on quickly with high incidence rates and fatality rates. Guangxi
province is an important cultured center for tropical marine
fish species in South China. However, no research focused
on epidemiological characterization of vibriosis in golden
pompano aquaculture in Guangxi province have been carried
out. In this study, the epidemiological investigation of vibriosis
was undertaken to isolate and determine pathogenic Vibrio
species in golden pompano aquaculture in Guangxi province.

Materials and Methods
Sample collection and Vibrio strains isolation

The outbreaks of suspected vibriosis emerged in golden
pompano cultured in southern coastal area of Guangxi province
in May in 2018. The fish were kept in ice-storage boxes and
sent to the laboratory in Nanning City for pathogenic vibrio
detection and isolation immediately. For isolation of Vibrio
strains, samples were taken from external lesions, liver, spleen
and kidney of diseased fish. After being cut into pieces in
phosphate-buffered saline (PBS), 100ul serial dilutions were
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plated on the thiosulfate citrate bile salt sucrose agar (TCBS)
and incubated at 37°C for 24 h. Totally 5 suspected vibrio
strains were isolated and pure cultured by streaking on TCBS
agar plates, and further characterized to determine if they were
vibrios by biochemical and physiological tests.

Biochemical and physiological analysis

The biochemical and physiological tests of isolated vibrio
strains were carried out by bacteria biochemical identification
tubes (HKM, Guangzhou, Guangdong, China), including colony
morphology and pigmentation on TCBS, gram-staining, cell
morphology, gas from glucose, Voges-Proskauer, sucrose,
mannose, arabinose, inositol, arginine dihydrolase and lysine
decarboxylases. All tests were performed at 37°C. The growth
characteristics of salinity (0, 1, 3, 6, 8 and 10% NaCl, w/v) were
determined on TSB. The biochemical identification tubes were
observed up to 10 days before being determined as negative.

16S gene analysis and phylogenetic tree

A pair of 16S primers (F-primer, 5’-GAGTTTGATCCTG-
GCTCAG-3’ and R-primer, 5’-CGGTTACCTTGTTACGACTT-3’)
was used to amplify the 16S gene fragments of isolated Vib-
rio strains according to the instruction of PrimeSTAR HS DNA
polymerase (TaKaRa). Thermal cycling of PCR amplification
was performed using 30 cycles of denaturation at 95°C for 1
min, annealment at 55°C for 45 s, and extension at 72°C for 1
min, followed by a final extension at 72°C for 10 min. The PCR
fragments were detected by by agarose gel electrophoresis, and
the fragments of 16S gene were sequenced by an ABI 3730 DNA
analyser. BLASTN and BLASTP (NCBI database) were applied
to assemble and analyse the obtained 16S rRNA sequences of
isolated Vibrio strains. The phylogenetic tree was constructed
by the neighbour-joining method by Molecular Evolutionary
Genetics Analysis as described previously with some modifica-
tions [9].

Cytotoxicity analysis of GT-V. harveyi isolates

The cytotoxicities of extracellular products (ECPs) from
GT-V. harveyi were analyzed in TOGB cells (Li et al., 2016). GT-
V. harveyi isolates were inoculated in 2 ml saline tryptone soya
broth at 28°C for 48 h, respectively. After being centrifuged
by 12000 g at 4°C for 20 min, the supernatants were filtered
through 0.22 pm filter (EMD Millipore, Billerica, MA, USA)
to collect extracellular product preparations. Total protein
concentrations of the supernatants were measured by BCA
protein assay (Pierce) standardized to bovine serum albumin
(BSA), according to the manufacturer’s protocol. 100 pL cells
per well (at a concentration of 3x105/mL) were seeded in 96-
well plates (Shengyou Biotechnology, Hangzhou, China) at
28°C for 24 h, and then incubated with 10 uL ECPs (100, 500,
1000 pg/mL) at 28°C for 24 h. The cells were then examined
by light microscopy to identify the signs of cytotoxicity. TOGB
cells incubated with 10 pL PBS served as the control group. The
cell viability in each well was also assessed based on assays
described previously, with some modifications. TOGB cells
were incubated with 10 pL of ECPs (100, 500, 1000 pg/mL)
of GT-V. harveyi isolates at 28°C for 24 h. Cell viability was

measured by modified MTT assay (Yu et al. 2009). 10 pL. WST-
8 (Dojindo, Kumamoto, Japan) was added to cultured cells in
each well and incubated at 28°C for 3 h. The absorbance of
each well at 450 nm was measured using a microplate reader
(Thermo, Waltham, MA, USA).

Virulent capacities of GT-V. harveyi isolates in vivo

The virulent capacities of the isolates were further analyzed.
Prior to challenge, fish were randomly sampled and subjected
to microbiological analysis, which indicated that they were
free of pathogens. Golden pompano (15g each), were starved
for 24 h before receiving a 100 pl intraperitoneal injection
containing 10® CFU/ml GT-V. harveyi isolates. The fish in the
control groups were injected with the same amount of PBS.
Twenty fish were used in each treatment group. Each group
was transferred to a separate aquarium supplied with running
seawater and ample aeration, and maintained in 26%eo salinity
seawater in tanks with a closed, circulating nonchlorinated-
water system, and fed a daily diet of commercially available
food. Mortality was recorded daily until day 10 post-injection.
Dead fish were collected for microbiological analysis for re-
isolation of the inoculated strain. The Ethics Committee for
Animal Experiments of Guangxi Academy of Sciences approved
the protocols of this study.

We also analyzed the drug resistance of these GT-V. harveyi
isolates. Resistance against 18 antimicrobial agents was tested
by Kirby-Bauer antibiotic susceptibility testing [10].

Results and Discussion

Totally 5 suspected vibrio strains were isolated and pure
cultured by streaking on TCBS agar plates. The biochemical
and physiological results showed that, compared to ATCC
Type strains of V. harveyi originally isolated from sea water
(ATCC 25919) [11,12], these bacterial isolates were Gram-
negative and produced yellow (1, 3, 5) or green (2, 4) colonies
on TCBS agar (Figure S1). These bacterial isolates had typical
characteristics of marine vibrios, such as motile, catalase and
oxidase positive, presented glucose fermentative metabolism
without gas production and were sensitive to the vibriostatic
agent 0/129 (150 pg) [9]. They could grow in the presence of
1-8% NaCl, while the optimum salinity is 3-6%. Compared to
ATCC Type strains of V. harveyi (ATCC 25919) and the isolate 1,
the other isolates (1, 2, 3, 4) failed to utilize sucrose and were
lysine decarboxylase-negative. Other biochemical properties
are shown in Supplementary table Si. The present results
suggested that there may be more than one strain of V. harveyi
caused the serious disease that occurred in cultured golden
pompano in Guangxi province in May this year.

GT-W harveyi |

GT-V. harveyi 2 GT-V harveyi 3 GT-V. harveyi 4 GT-¥ harveyi §

Figure S1: The colony morphology of pathogenic bacteria on TCBS agar plate.

Bacterial isolates were Gram-negative and produced yellow (1, 3, 5) or green (2, 4)
colonies on TCBS agar.
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The expected 16S rRNA PCR fragments of isolated Vibrio
strains (1466 bp) were obtained (Figure 1A). The phylogenetic
tree results showed that vibrios isolates from golden pompano
in Guangxi province were Vibrio harveyi, whose similarity was
up to 99% (Figure 1B). Therefore Vibrio harveyi isolated from
diseased golden pompano Trachinotus ovatus, which were reared
in Guangxi province, and tentatively designated as Guangxi
Trachinotus ovatus Vibrio harveyi (GT-V. harveyi 1-5).s

The ECPs cytotoxicity results showed that, compared to
control groups (Control), morphological changes were detected
in TOGB cells incubated with ECPs for 48 h, including becoming
round, shrinking, and separating from the culture plate
(Figure 2A). The cell viability results showed that, compared to
controsl groups, cell viability decreased with ECPs, indicating
the cytotoxicity of GT-V. harveyi isolates (Figure 2B).

The virulent capacities of the isolates were also analyzed.
Among the golden pompano treated with GT-V. harveyi
isolates, the cumulative mortality reached 100% from day 5 to
day 9 postinfection, respectively, while no fish were dead in the
control groups (Figure 3A). The dead fish had similar symptoms
as previously naturally diseased fish, such as skin and muscle
ulceration, internal organs swelling and congestion. The 16S
gene PCR results proved that, the bacterial strains isolated
from the diseased fish were V. harveyi. After being fixed in 10%
neutral buffered formalin and embedded in paraffin, tissue
specimens were stained with hematoxylin and eosin (H&E).
Compared to the control group, the histological results revealed
obvious pathological changes in the liver and kidney of GT-V.
harveyi isolates-injected fish, suggesting that the GT-V. harveyi
isolates produced cytotoxic effects in vivo (Figure 3B).

Table S1: Biochemical characteristics.

ATCC14126‘ 1‘2‘3‘4‘5

Color of colony on TCBS Yellow Yellow Green Yellow Green Yellow
Gram stain - - - - - R
Motility + + + + + +
Glucose (Gas) + - - - - _
V-P - + + + + -
Indole + - - - - R
Sucrose + - - - - +
Mannose + - - - - -
Arabinose - - - - - -
Inositol - - - - - R
Lysine decarboxylase + - - - - +
Arginine dihydrolase - - - - - R
0/129(10 pg) - - - - - _
0/129(150 pg) + + + + + +
0%NaCl - - - - _ _
1%NaCl + + + + + +
3%NaCl + + + + + +
6%NaCl + + + + + +
8%NaCl + + + + + +
10%NaCl - - - - - _

A)

Marker 1 2 3 4 3 Control

2000bp

1000bp

®B)

Vibrio harveyt ATCC 33843 (CRO0948)
Vibrio harveyt ATCC 43516 (CRO14039)

94 Vibrio harveyiMS160526AT (LC360698)

73] Vibriorotjbriams LMG 214607 AB16187)

Vibri campbelli CAIM 515° (AMDGO1000189 9937
Vibri owenzis LMG 25445F GPRDO1000038)
Fibriolghobice NBRC 156307 (CROO6T18)
Bucherichiacoli ATCC 11TIST080725)

Figure 1: Electrophoretic images of five pathogenic bacteria 16S rDNA PCR
products, the expected 16S rRNA PCR fragments (1466 bp) were obtained (A). The

phylogenetic tree results showed that vibrios isolates from golden pompano in
Guangxi province were V. harveyi, whose similarity was up to 99% (B).
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Figure 2: Cytotoxicity analysis of GT-V. harveyi isolates. (A) Light microscope
observation results showed that morphological changes were detected in TOGB
cells incubated with ECPs for 48 h, including becoming round, shrinking, and

separating from the culture plate. (B) The cell viability results showed that, cell
viability decreased with ECPs, which indicated the cytotoxicity of GT-V. harveyi
isolates. Results are presented as meantSD of three independent experiments. A
P value < 0.05 was considered statistically significant (**P < 0.01).
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Figure 3: Virulent capacity analysis of GT-V. harveyi isolates in vivo. (A) In the
group of golden pompano treated with GT-V. harveyi isolates, the cumulative

mortality reached 100% from day 5 to day 9 postinfection, while no fish were dead
in the control groups. (B) The histological results proved the GT-V. harveyi isolates
produced cytotoxic effects in vivo.
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Table 1: Antibiotic susceptibility test. S, Sensitive; |, Intermediate; R, Resistant.

Antibiotic
Contents| Susceptibility
pg/slice (mm)

Size of inhibitory zone
Sensitivity

36.90 8.00 18.65 8.00 8.00
Penicillin G 10 <14 =15 3 R 3 R R

23.55 12.20 2545 124

Antibiotics

Streptomycin 10 <11 12-14 =15 S | S 3l 13.381

. 30.23 10.10 22.05 10.2 10.69
Erythromycin 15 <13 14-22 =223 s R | R R

. 36.45 14.53 41.80 16.4 18.45
Kanamycin 30 <13 14-17 =18 S | S 3l S

. 33.34 12.31 31.93 13.32 14.57
Tetracycline 30 <14 15-18 =219

S R S R |
34.89 13.42 36.86 14.87 16.51

Ofloxacin 5 <12 13-15 216 s | S | s

Cefazolin 30 <14 1517 =18 3412 12.87 3439 1410 15.54
S R S | |

. . 3450 13.14 35.63 14.48 16.02
Ciprofloxacin 5 <15 16-20 =21 s R S R |

Cefoxitin 30 <14 1517 »18 34.31 13.00 35.01 14.29 15.78
S R S | [

- 34.41 13.07 35.32 14.39 15.90
Ampicillin 10 <11 12-14 =215 s | S | s

Amoxicillin 10 <13 1417 =18 34.36 13.04 35.17 14.34 15.84
S | S | |

. - 34.38 13.06 35.24 14.36 15.87
Rifampicin 5 <16 17-19 =220 s R S R R

34.37 13.05 3520 14.35 15.86
S R S R R

34.38 13.05 35.22 14.36 15.87

Roxithromycin 15 <21 22-30 =31

Azithromycin 15 <13 14-17 =218 3 | 3 | |
Tobramycin 10 <12 1314 15 34.37 13.05 35.21 14.35 15.86
S | S | S
. 34.38 13.05 35.22 14.35 15.86
Cefradine 30 <14 15-17 =218 s R S | s
Gentamicin 10 <12 1314 =15 34.37 13.05 35.22 14.35 15.86
S | S | S
L 34.38 13.05 35.22 14.35 15.86
Amikacin 30 <14 1516 217 s R S | |

The drug resistances of GT-V. harveyi isolates were showed
in table 1, GT-V. harveyi 2, GT-V. harveyi 4 and GT-V. harveyi
5 showed multiple resistance to the tested drugs, which were
resistant to 10, 6 and 4 antibiotics, respectively. Penicillin,
erythromycin, acheomycin, rifampicin, ciprofloxacin and
roxithromycin showed low efficacy against V. harveyi isolates.
In order to avoid the acquisition of resistance by aquatic
pathogens, we have suggested the aquaculture farmers to
improve the culture environment, prevent vibrio fish diseases
by injecting vaccines, and choose other highly sensitive drugs
if necessary.

Taken together, this study identified the vibriosis outbreaks
in golden pompano aquaculture in Guangxi province this year.
We would apply the isolated Vibrio harveyi for developing rapid

convenient diagnosis assay and effective regionally customized
vaccines for V. harveyi infection in Guangxi mariculture.
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