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Identification of Vibrio species isolated from
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olivaceus) in Jeju Island, South Korea
Hanchang Sohn1,2, Jeongeun Kim1, Changnam Jin2 and Jehee Lee1,2,3*

Abstract

Olive flounder (Paralichthys olivaceus) is the major species developed for aquaculture in South Korea. Over the long
history of olive flounder aquaculture, complex and diverse diseases have been a major problem, negatively
impacting industrial production. Vibriosis is a prolific disease which continuously damages olive flounder
aquaculture. A bacterial disease survey was performed from January to June 2017 on 20 olive flounder farms on
Jeju Island. A total of 1710 fish were sampled, and bacteria from the external and internal organs of 560 fish were
collected. Bacterial strains were identified using 16 s rRNA sequencing. Twenty-seven species and 184 strains of
Vibrio were isolated during this survey, and phylogenetic analysis was performed. Bacterial isolates were
investigated for the distribution of pathogenic and non-pathogenic species, as well as bacterial presence in tested
organs was characterized. V. gigantis and V. scophthalmi were the dominant non-pathogenic and pathogenic strains
isolated during this survey, respectively. This study provides data on specific Vibrio spp. isolated from cultured olive
flounder in an effort to provide direction for future research and inform aquaculture management practices.

Keywords: Vibriosis in aquaculture, Vibrio population distribution, Aquaculture bacterial disease, Olive flounder, 16S
rRNA bacterial identification

Introduction
Olive flounder (Paralichthys olivaceus) is an important
aquaculture species in South Korea. In 2016, annual pro-
duction reached 40,000 tons and constituted 51.9% of
the total aquaculture production on Jeju Island alone
(Kim 2017). After the establishment of brood stock man-
agement in the 1980s, the development and improve-
ment of breeding skills have led to a sharp increase in
aquaculture production. However, as a result of enlarged
aquaculture industry, recessive seed production, and
disease emergence, diverse disease patterns have been
observed in cultured olive flounder. In the past, olive
flounder disease was affected by high water temperature
and singular infection by either bacteria, viruses, or par-
asites (Kim et al. 2006). Recently, disease patterns have
shown co-infection by bacteria, viruses, and parasites,

which have led to mass mortality and caused difficulty in
disease diagnosis (Cho et al. 2008).
Edwardsiellosis, streptococcosis, and vibriosis are the

main bacterial diseases occurring in cultured olive floun-
der (Cho et al. 2008). Vibriosis is caused by the genus
Vibrio, a facultatively anaerobic, oxidase-positive, gram-
negative bacilli. Many species in this genus require salt
for growth. More than 100 Vibrio spp. have been re-
ported and are predominantly associated with a variety
of marine, estuarine, or other aquatic habitats (Janda et
al. 2015). Although Vibrio spp. are known to cause dis-
ease in humans, animals, and marine organisms, it is
understood that only limited Vibrio species, such as V.
anguillarum, V. harveyi, and V. ordali, are responsible
for causing infection (Janda et al. 2015). The well-known
clinical signs of vibriosis are hemorrhagic septicemia,
lethargy, weight loss, and dark skin lesions. Previous
studies have reported that olive flounder mortality
caused by bacterial disease was 6.75%. In 6.75% cases of
infection, vibriosis-related mortality was reported in
24.2% (Jee et al. 2014). In olive flounder,Vibrio spp. were
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the most dominant bacteria isolated from the samples
collected between 2007 and 2011 (Cho et al. 2008; Jung
et al. 2012). Given the long history of olive flounder
aquaculture, many epidemiological surveys have been
conducted for the purpose of monitoring disease out-
break (Choi et al. 2010; Jung et al. 2006; Kim 2002; Oh
et al. 1998; Park et al. 2016, 2009).
Bacterial identification previously relied on sequencing of

the 16S rRNA gene (Frans et al. 2011; Bjelland et al. 2012;
Jensen et al. 2003; Terceti et al. 2016; Wiik et al. 1995).
However, species identification relying on 16S rRNA gene
sequencing may not guarantee accuracy, thereby leading to
the necessity of utilizing software such as EzBioCloud
(https://www.ezbiocloud.net/). EzBioCloud search tools
support genomic data with taxonomic identification at
genus, species, or subspecies levels (Yoon et al. 2017).
In this study, we investigated bacterial diseases in cul-

tured olive flounder and identified Vibrio spp. using
EzBioCloud. We hypothesize the variety of Vibrio sp.
collected and consistent colonization patterns in organ tis-
sues of olive flounder. Also, few characteristics of isolated
Vibrio species are provided in the results of this paper.

Materials and methods
Fish samples
The bacterial disease survey was conducted from Janu-
ary 2017 to June 2017. Investigations were performed at
the olive flounder farms in Seongsan, Pyoseon/Namwon,
Daejeong/Hangyeong, and Gujwa/Jocheon (Fig. 1). A
total of 1710 olive flounder samples were obtained from
20 fish farms, and fish samples included fry (total length
8–16 cm), juveniles (total length 22–37 cm), and adults

(total length over 50 cm). Five hundred seventy fish were
randomly selected for bacterial isolation.

Bacterial isolation
Bacteria were isolated from gill, intestine, kidney, and liver
tissues and incubated on a brain-heart infusion agar plate
(BHIA) supplemented with 1% NaCl at 25 °C for 48 h.
Secondary culture was performed for specific bacterial iso-
lation. Isolated bacteria were stored at − 50 °C using BHIA
broth supplemented with 1% NaCl and containing a total
concentration of 20% glycerol for future use.

Isolation of Vibrio spp. and 16S rRNA analysis
Bacterial stocks were cultured in BHIA agar supplemented
with 1% NaCl for 48 h. Cultured plates were sent to
Macrogen for 16S rRNA sequencing (Seoul, South Korea).
The 16S rRNA sequences were merged using Unipro
UGENE software version 1.29, and bacterial strains were
identified using EzBioCloud (https://www.ezbiocloud.net/)
(Yoon et al. 2017). We selected Vibrio spp. from among
the identified bacteria using the sequencing results and
further divided the Vibrio spp. into pathogenic and non-
pathogenic species based on the previous literature. The
distribution of pathogenic and non-pathogenic Vibrio spp.
was investigated by monthly period and isolated by the
organ they were collected from. In addition, the distribu-
tion of dominant Vibrio spp. was investigated. A phylo-
genetic tree was constructed using Molecular Genetics
Analysis (MEGA) software version 7.0 (Kumar et al.
2016), by neighbor-joining method to determine the
differences between other bacterial species present and
the relationships within Vibrio spp. Bootstrap value was
calculated from 1000 replicates.

Fig. 1 Map of surveyed aquaculture farms. (A) Pyoseon/Namwon. (B) Daejung/Hangyeong. (C) Seongan. (D) Gujwa/Jocheon
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Results
We identified Vibrio spp. among the bacteria isolated
from cultured olive flounder in Jeju Island, South Korea
(Fig. 1). A total of 26 Vibrio spp. and 184 strains were
identified by 16S rRNA sequencing and utilizing the
EzBioCloud search tool. Fifteen non-pathogenic and 11
pathogenic Vibrio spp. were isolated from gill, intestine,
kidney, and liver tissues. Non-pathogenic species were
mostly isolated from gill and skin tissue; pathogenic spe-
cies isolated from the intestine were present in high
numbers (Tables 1 and 2). V. gigantis was the dominant
isolate among non-pathogenic species, detected in high
levels in gill tissues. V. scophthalmi was the dominant
isolate among the pathogenic species; thirty-six isolates
from the intestine and 29 isolates from the gill were
collected (Fig. 2). Non-pathogenic species showed the
highest number of isolates in March. On the other hand,
pathogenic species showed an increasing number of
isolates throughout the period, except in April, which
showed a small number of isolates (Fig. 3). V. gigantis
(30 strains) and V. scophthalmi (88 strains) were the
dominant species of all Vibrio sampled. V. scophthalmi

showed a continuous increase in isolate numbers during
this study (Fig. 4). The phylogenetic tree showed a distinct
difference between the other bacterial genera present
(Fig. 5); certain species were grouped with a specific clade
or with the same species, whereas V. maritimus,V. varia-
bilis,V. vulnificus,V. jasicida,V. alginolyticus, and V. saga-
miensis showed uncertain grouping.

Discussion
Isolated Vibrio strains were divided into two groups,
non-pathogenic and pathogenic species. Most non-
pathogenic species were isolated from gill (37 strains)
and skin (14 strains) tissue. Within the isolated species,
V. gigantis was dominant. V. gigantis was originally iso-
lated from oyster species; Faury et al. (2004) reported it
was isolated from Pacific oyster (Crassostrea gigas)
hemolymph. Currently, the pathogenicity of V. gigantis

Table 1 Summary of non-pathogenic Vibrio spp. isolated from
the gill, intestine, kidney, liver, and skin

Pathogenicity Species Organ Number of isolates

Non-pathogenic Vibrio atlanticus Gill 5

Intestine 1

Skin 1

Vibrio diabolicus Gill 1

Vibrio gallaecicus Gill 1

Skin 2

Vibrio gigantis Gill 17

Intestine 1

Kidney 1

Liver 2

Skin 9

Vibrio hangzhouensis Gill 1

Vibrio hyugaensis Gill 3

Vibrio jasicida Kidney 1

Vibrio maritimus Gill 1

Vibrio neocaledonicus Gill 1

Vibrio renipiscarius Gill 2

Skin 2

Vibrio rotiferianus Gill 2

Vibrio sagamiensis Intestine 1

Vibrio splendidus Intestine 1

Vibrio tasmaniensis Gill 2

Eye 1

Vibrio variabilis Gill 1

Table 2 Summary of pathogenic Vibrio spp. isolated from the
gill, intestine, kidney, liver, and skin

Pathogenicity Species Organ Number of
isolates

Pathogenic Vibrio alginolyticus Liver 1

Vibrio atypicus Gill 1

Kidney 1

Vibrio cortegadensis Gill 1

Skin 1

Vibrio crassostreae Gill 2

Vibrio harveyi Gill 1

Intestine 2

Kidney 3

Vibrio kanaloe Gill 1

Vibrio lentus Gill 1

Kidney 1

Skin 2

Vibrio scophthalmi Gill 29

Intestine 36

Kidney 10

Liver 7

Skin 6

Vibrio pomeroyi Gill 4

Liver 1

Skin 2

Vibrio tapetis subsp. tapetis Gill 1

Intestine 1

Kidney 5

Liver 2

Skin 1

Vibrio vulnificus Gill 1
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is either unreported or unknown. Previous studies have
mentioned that is related to bioluminescent features.
However, not all strains of V. gigantis possess this fea-
ture, suggesting that it may differ based on strain isola-
tion location and relationship with NaCl concentration
in the environment (Omeroglu and Karaboz 2012).
Other non-pathogenic species were mainly isolated from
external organs. Although pathogenicity was uncertain,

Vibrio sp. is considered a bacterial flora. As our results
have shown numerous isolates in external organs such
as gills and skin, these Vibrio spp. are thought to exist
ubiquitously in the marine environment and further
investigation is needed to specify pathogenicity and bio-
logical characteristics.
Within pathogenic species, isolated organ distribution

has shown primary isolation from gill (78 strains) and

Fig. 2 Number of Vibrio spp. isolated

Fig. 3 Distribution of Vibrio spp. a Monthly distribution of non-pathogenic and pathogenic Vibrio spp. b Organ distribution of non-pathogenic
and pathogenic Vibrio spp.
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intestinal (44 strains) tissue. The dominant pathogenic
species,V. scophthalmi, was first isolated from the intes-
tine of turbot (Scophthalmus maximus) in Spain (Cerda
Cuellar et al. 1997). It was also isolated from reared
clams, olive flounder, summer flounder (Paralichthys
dentatus), and common dentex (Dentex dentex) (Beaz
Hidalgo et al. 2008; Kim et al. 2013; Qiao et al. 2013).
Pathogenicity of V. scophthalmi in turbot has been asso-
ciated with ascites disease, including liver and splenic
hemorrhage (Qiao et al. 2013). V. scophthalmi pathogen-
icity in olive flounder was described as an opportunistic
pathogen, showing clinical signs under certain condi-
tions such as stress (Qiao et al. 2012). V. scophthalmi
was also reported to occur in relation to V. ichthyoenteri,
a causative agent of intestinal necrosis and bacterial en-
teritis in olive flounder (Ishimaru et al. 1996; Kim 2002).
Our results have shown that V. scophthalmi has a high
specificity for colonizing intestinal tissue due to the
number of strains isolated from that area. In this study,
the number of V. scophthalmi was elevated compared to
other Vibrio spp., possibly indicating that V. scophthalmi
may display a physiological relationship with olive floun-
der. As Vibrio spp. are ubiquitously found in cultured
olive flounder, this topic requires further research.
Vibrio harveyi is a significant pathogen against marine

vertebrates and invertebrates and also has a relationship
in quorum-sensing (Austin and Zhang 2006; Lago et al.
2009; Li et al. 2011). It has been isolated from many spe-
cies and identified as a cause of disease or mass mortality
in its host. Our results showed the isolation of six strains
of V. harveyi distributed throughout the gills, intestines,
and kidneys. Although it is considered a main cause
of mass mortality and vibriosis in olive flounder on Jeju
Island, the number of isolates was comparatively low.
V. tapetis subsp. tapetis is known as the causative

agent of epizootic Brown Ring Disease (BRD) infection

in adult clams and exhibits shell deformation, growth re-
duction, and an organic brown deposit on the shell inner
surface (Borrego et al. 1996). Jensen et al. (2003) sug-
gested that this species may affect mortality rates in mar-
ine vertebrates by showing pathogenicity against corkwing
wrasse (Symphodus melops), which could indicate the po-
tential for displaying disease symptoms in olive flounder.
Previous studies have shown that V. tapetis subsp. tapetis
was closely associated with hemolymph, which functions
to transport oxygen in bivalves and crustaceans. Our re-
sults have shown that V. tapetis subsp. tapetis was primar-
ily detected in kidney samples. However, our isolated
strains were rather small; specific studies are required to
consider the influence and the effect may cause against
olive flounder.
Other pathogenic species, V. alginolyticus, V. atypicus,

V. cortegadensis, V. crassostreae, V. harveyi, V. kanaloe,
V. lentus,V. pomeroyi, and V. tapetis subsp. tapetis, have
been reported to show pathogenicity in marine organ-
isms; however, there are no conclusive findings regarding
their interaction with olive flounder (Borrego et al. 1996;
Declercq et al. 2015; Farto et al. 2003; Faury et al. 2004;
Lago et al. 2009; Macia et al. 2001; Wang et al. 2010).
Our results showed that gill, intestine, and skin tissues

provided the highest levels of isolates within Vibrio spp.
Gill and skin tissue supported the highest levels of non-
pathogenic species, while pathogenic species were pri-
marily supported by gill and intestinal tissue. Pathogenic
species have also shown typical isolation on kidney and
liver tissue. Clinical signs observed in olive flounder
show a relationship between the loss of body fluid and
ascites, which is caused by liver and kidney dysfunction
(Mchutchison 1997). We suggest that for the purpose of
diagnosing or isolating strains from a sample, organ se-
lection needs to be considered. In order to screen out
entire species from the culture environment, external

Fig. 4 Distribution of dominant Vibrio spp. a Monthly distribution of dominant Vibrio spp. b Organ distribution of dominant Vibrio spp.
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organs such as gills and skin need to be included in
the sampling. To target a specific strain which is as-
sumed to have either pathogenic characteristics or to
act against resulting pathogenic symptoms, research

must focus on the organ targeted by that bacteria, en-
suring inclusion of kidney and liver tissues in testing.
As many Vibrio spp. have been isolated from cultured
olive flounder, multiple past studies have focused on
bacterial genus distribution (Cho et al. 2008; Kim et
al. 2010, 2006).
Comparison of isolate numbers by month showed that

non-pathogenic species had the highest isolate levels in
March (17 strains), while other months showed a rela-
tively even number of isolates. With the exception of
April (14 strains), the number of isolated pathogenic
species increased from month to month. The increase of
total numbers of pathogenic isolates may indicate a rela-
tionship with water temperature. This is supported by
our findings, which showed the highest number of iso-
lates in May and June, indicating that as the water
temperature rose, Vibrio spp. distribution in the water
also increased and that increased water temperature may
act as a causative agent for the spread of disease.
The Vibrio phylogenetic tree showed a distinct difference

from other bacterial genera. V. scophthalmi, V. harveyi, V.
cortegadensis,V. tapetis subsp. tapetis,V. atlanticus,V. len-
tus,V. gigantis,V. crassostreae,V. pomeroyi, and V. gallaeci-
cus showed a relationship within strains; however, V.
maritimus,V. variabilis,V. vulnificus,V. jasicida,V. algino-
lyticus, and V. sagamiensis did not show any relationship
within the isolates. Previous studies have shown relation-
ships within species, such as Harvey clade or Splendidus
clade, which our results have supported (Lasa et al. 2014).
16S rRNA sequences were used to identify specific species
and the evolutionary relationship within genus or species
(Wiik et al. 1995). However, according to our results, there
is difficulty in identifying specific divisions in the same Vib-
rio sp. using only 16S rRNA sequencing. In previous stud-
ies, with a help of other target genes, such as atpA, fstZ,
gapA, pyrH, recA, rpoA, rpoD, and topA, few species of Vib-
rio have shown a consistent group within same species
(Balboa and Romalde 2013). For more analysis in Vibrio
spp., it is considered that with the help of 16S rRNA genes,
other housekeeping genes of Vibrio spp. is required.

Conclusion
A total of 27 species and 184 strains of Vibrio were iso-
lated in this survey. Bacterial isolation patterns differed
depending on the organs targeted for sampling. External
and internal organs enabled the observation of multiple
species. By targeting internal organs, such as the intestine,
kidney, and liver, species with pathogenic characteristics
were observed. V. gigantis was the dominant isolate
among the non-pathogenic species, which was detected at
high levels in gill tissues, and V. scophthalmi was the
dominant isolate among the pathogenic species, which
was found most abundantly in internal organs. Many spe-
cies identified were not relevant to disease in olive

Fig. 5 Phylogenetic tree of Vibrio spp. constructed using the neighbor-
joining method. Bootstrap value was calculated from 1000 replicates
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flounder; however, these strains have exhibited pathogen-
icity in other marine organisms. Although many studies
have tried to characterize new Vibrio sp. and bacterial iso-
lates by genus, they lacked species-specific identification.
The present study identified specific isolates from Vibrio
species for future epidemiological surveys and develop-
ment of improved disease prevention methods. This study
confirmed that a wide variety of Vibrio species are found
in cultured olive flounder and indicated that a wider sur-
vey range is necessary to mitigate negative impacts on fu-
ture populations.

Abbreviation
BHIA: Brain-heart infusion agar
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