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Introduction

Sea cucumber (Apostichopus japonicus) is a popular seafood source in Asia, including South
Korea, and its consumption has recently increased with recognition of its medicinal
properties. However, because raw sea cucumber contains various microbes, its ingestion can
cause foodborne illness. Therefore, analysis of the microbiota in the whole body of sea
cucumber can extend our understanding of foodborne illness caused by microorganisms and
help to better manage products. We collected 40 sea cucumbers from four different sites in
August and November, which are known as the maximum production areas in Korea. The
microbiota was analyzed by an Illumina MiSeq system, and bacterial amounts were quantified
by real-time PCR. The diversity and bacterial amounts in sea cucumber were higher in August
than in November. Alpha-, Beta-, and Gammaproteobacteria were common dominant classes
in all samples. However, the microbiota composition differed according to sampling time and
site. Staphylococcus warneri and Propionibacterium acnes were commonly detected potential
pathogens in August and November samples, respectively. The effect of experimental Vibrio
parahaemolyticus infection on the indigenous microbiota of sea cucumber was analyzed at
different temperatures, revealing clear alterations of Psychrobacter and Moraxella; thus, these
shifts can be used as indicators for monitoring infection of sea cucumber. Although further
studies are needed to clarify and understand the virulence and mechanisms of the identified
pathogens of sea cucumber, our study provides a valuable reference for determining the
potential of foodborne illness caused by sea cucumber ingestion and to develop monitoring
strategies of products using microbiota information.
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production of sea cucumber had decreased owing to
overfishing, and in 2013 this species was listed as

The sea cucumber (Apostichopus japonicus) is an epibenthic
animal living in temperate habitats in the western Pacific
Ocean and Yellow Sea [1]. A. japonicus ingests organic
matter in the sediment, including bacteria, protozoa, and
diatoms, as well as algae, and thus plays an important
ecological role in the benthic ecosystem and nutrient
recycling [2]. A. japonicus has been used as traditional
medicine owing to its beneficial health properties, including
anticoagulant, antifungal, and antitumor activities, as well
as a seafood product in sushi restaurants [1, 3, 4]. The

“Endangered” on the IUCN Red List of Threatened Species
[5]. However, its population has begun to increase in recent
years through seed production and aquaculture [6]. Raw
sea cucumber is often eaten in sushi restaurants and is
found in other popular food items in Korean restaurants.
However, similar to raw oysters, the ingestion of raw sea
cucumber can cause food poisoning due to infection of
associated pathogens such as Vibrio parahaemolyticus [7, 8].
Most of the previous studies on A. japonicus have focused
on the effects of abiotic factors, various dietary sources,
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and potential probiotics on its growth, immune system,
and resistance to pathogens [9—12]. Recently, several studies
analyzed the microbiota in sea cucumber using metagenomic
technologies [13—15]. However, these studies specifically
focused on the relationship between the gut microbiota and
growth of A. japonicus, whereas the microbiota of the whole
body of A. japonicus remains poorly characterized. Diverse
microbes in the whole body of sea cucumber can act as
potential agents of food poisoning through the intake of
raw materials. Furthermore, the microbiota composition in
sea cucumber can shift during storage and delivery to
consumers, which will interact with infecting pathogens
during the transportation process. Therefore, analysis of
the whole-body microbiota of A. japonicus is necessary to
understand the indigenous microbiota that will be
associated with consumption of sea cucumber products,
and determining the alterations of the microbiota during
storage can provide insight into the effects of pathogens on
the resident microbiota in sea cucumber.

Toward this end, we collected sea cucumbers at four
sampling sites (n = 5 at each site) of Korea in August and
November. The microbiota profiles were analyzed by
INlumina MiSeq based on the 16S rRNA gene and compared
among sites and sampling times. In addition, we conducted
an artificial infection experiment with a pathogenic bacterium
to directly observe the effects of pathogens on the resident
microbiota in sea cucumber. These results can extend our
understanding of the potential of food poisoning from the
intake of sea cucumber, and help to better manage products
for food safety and public health.

Materials and Methods

Sample Collection

A total of 40 sea cucumbers were collected from four different
sites of Korea in November of 2015 (relatively low seawater
temperature of 17.7 + 0.89°C) and August of 2016 (relatively high
seawater temperature of 25.3 + 1.61°C) (Fig. 1). Five samples were
randomly selected at each site and transported in ice boxes to the
laboratory. The sampling sites were selected based on areas with
maximum production in Korea, and the sampling months were
chosen based on the season with maximum consumption
(November) and minimum consumption (August) [16]. Bacterial
cells were peeled off from chopped sea cucumber using a spindle
(microorganism homogenizer, Korea patent registration: 10-2010-
0034930). Rotation and vibration were performed using a direct
drive motor in a stomach bag in the spindle. The bacterial cells
obtained from each sample were diluted in buffered peptone
water (10 g of peptone, 5 g of sodium chloride, 3.5 g of disodium
phosphate, 1.5 g of pH 7.2 potassium dihydrogen phosphate), and
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Fig. 1. Sampling sites of sea cucumber.

Samples were obtained from four different sites in August and
November. The water temperature at the time of sampling is
presented in the table below.

stored at -80°C before DNA extraction.

Experimental V. parahaemolyticus Infection Model

To determine the influence of pathogen infection on the
indigenous microbiota of sea cucumber during storage or delivery
to consumers, we artificially infected sea cucumber with
V. parahaemolyticus, and stored the samples in sterile containers at
27°C (room temperature condition) and 4°C. V. parahaemolyticus
FORC_018 was cultivated at 30°C in Luria-Bertani medium
supplemented with 2% NaCl to an optical density of 2.5 at
600 nm. The infected cell number was 10* colony-forming units/g,
which is the infective dose of V. parahaemolyticus in seafood [17].
V. parahaemolyticus was sprayed evenly on the sea cucumber, and
the temporal shifts of the sea cucumber microbiota were
investigated after 1, 4, and 12 h. Since the sea cucumber tended to
decompose after 12h of storage at 27°C, we analyzed the
microbiota up to this point. The microbiota of non-infected sea
cucumber under the same conditions was also investigated as a
negative control. The artificial infection experiments were
performed in duplicate. Bacterial cells on the sea cucumber were
collected as described above and stored at —80°C before DNA
extraction.

Extraction of Metagenomic DNA

The total metagenomic DNA of each sample was extracted
using the phenol DNA extraction method as reported previously
[18, 19]. The final DNA pellet was resuspended in 100 pul of Tris-
EDTA buffer and incubated at 37°C overnight. Extracted
metagenomic DNA was purified with the PowerClean DNA
Clean-up kit (Mo Bio Laboratories, USA). The extracted DNA was
confirmed with 1% agarose gel electrophoresis, and the
concentration was determined using an Eppendorf BioPhotometer



D30 (Eppendorf, Germany). Four samples collected in November
were excluded for further analysis owing to failure of DNA
extraction.

Real-Time Polymerase Chain Reaction (PCR)

The bacterial amounts in sea cucumbers were measured by real-
time PCR using TaKaRa PCR Thermal Cycler Dice Real Time
System III (TaKaRa, Japan) as described previously [19, 20].
Triplicate reactions of each sample were conducted in a 25-pl final
volume containing 12.5 pl of 2x SYBR Premix Ex Taq (TaKaRa),
2 uM of each primer, and 1 ul of DNA template (10-fold dilution
series of sample DNA) or distilled water (negative control) under
the following conditions: 95°C for 30 sec, followed by 40 cycles of
denaturation at 95C for 30 sec, annealing at 60°C for 30 sec,
extension at 72°C for 30 sec, and final extension at 72°C for 10 min.
Standard curves were generated from parallel PCRs of serial log-
concentrations (1 x 10° - 1 x 10°) of 16S rRNA gene copy numbers
of the Escherichia coli K12 w3110 strain. Regression coefficients (1”)
for all standard curves were greater than 0.98. The measured
rRNA gene copy numbers were divided by 4.2 (the average copy
number of the 165 rRNA gene in bacteria) for estimation of the
total cell number [21]. The differences between samples were
determined using the Mann-Whitney U-test in SPSS (ver. 21).
Results with p values of less than 0.05 were considered statistically
significant.

The amounts of V. parahaemolyticus in the infection model were
calculated by real-time PCR using the toxR gene primer [22].
Triplicate reactions of each sample were conducted using TaKaRa
PCR Thermal Cycler Dice Real Time System III (TaKaRa) as
described above. Standard curves were generated from parallel
PCRs of serial log-concentrations (1x10°-1x10% of the
V. parahaemolyticus FORC_018 strain. Regression coefficients ()
for all standard curves were greater than 0.99.

MiSeq Sequencing

Metagenomic DNA from the samples was amplified using
primers with an adapter (targeting the V1-V3 region of the 16S
rRNA gene). The amplification was followed by the protocol for
preparing a 16S metagenomic sequencing library for the MiSeq
system (Illumina, Inc., USA). Amplified products were verified by
2% agarose gel electrophoresis, and purification and size selection
were performed using Agencourt AMPure XP beads (Beckman
Coulter, USA). Then, index PCR was performed using the Nextera
XT index kit following the manufacturer’s instructions (Illumina,
Inc.). The amplicons of each sample were purified by size
selection using Agencourt AMPure XP beads (Beckman Coulter).
The purified products were quantified using TaKaRa PCR
Thermal Cycler Dice Real Time System III (TaKaRa). Equimolar
concentrations of each library from the samples were pooled and
sequenced using an Illumina MiSeq system (300-bp paired ends)
according to the manufacturer’s instructions at the Multidisciplinary
Genome Institute in Hallym University.
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Sequence Data Analysis

Sequence reads from the MiSeq sequencer were processed
using the CLC Genomic Workbench (ver. 8.5.1) with the Microbial
Genomics Module (Qiagen, USA). In brief, raw sequences of short
read lengths (<200 bp/pair) and low quality score (Q < 25) were
removed, and paired reads were merged with a mismatch score of
overlap sequences. Primer sequences were removed from the
merged sequences, and short read lengths were removed (<430 bp
of merged reads). Chimeric sequences were removed using the
UPARSE tool [23]. The sequences were then clustered to
operational taxonomic units (OTUs) using the 97% sequence
similarity based on the EzTaxon-e reference database [24]. The
representative sequence in each OTU cluster was taxonomically
assigned by the EzTaxon-e database. To compare the diversity
indices among samples, the number of reads in each sample was
normalized by random subsampling, and calculated using the
Mothur program [25]. Principal coordinate analysis (PCoA) based
on the weighted and unweighted UniFrac distances was conducted
to compare the microbiota among samples. A Circos plot was
made using the Circos Web tool (http://mkweb.bcgsc.ca/
tableviewer). The differences among samples were analyzed
using the Kruskal-Wallis test, and the differences between
samples were analyzed again using the Mann-Whitney U-test in
SPSS (ver. 21). Results with a p value of less than 0.05 were
considered statistically significant. The sequence reads in this
study were submitted to the EMBL SRA database under study
number PRJEB21905 (https://www.ebi.ac.uk/ena/data/view/
PRJEB21905).

Results and Discussion

Comparison of Bacterial Amounts and Diversity Indices
among Samples

The bacterial amounts in sea cucumber were compared
between sampling times and sites (Fig. 2A). The total
amounts of bacterial loads in the sea cucumber samples in
August (average, 2.12 x 10’ cells/g) were significantly higher
than those in November (2.24 x 10” cells/g; p < 0.001). The
highest bacterial amounts were detected in samples of site
B at both sampling times (4.29 x 10’ cells/g in August and
6.81 x 10 cells/g in November). The lowest bacterial loads
in sea cucumber were detected in site A at both sampling
times (7.39 x 10° cells/g in August and 5.09 x 10* cells/g in
November). The largest difference between sampling times
was found in samples of site D (1.50 x 107 cells/g in August
and 5.52 x 10* cells/g in November).

A total of 4,491,977 reads (2,418,546 reads from samples
in August and 2,073,431 reads from samples in November)
were analyzed after trimming processes. To compare the
diversity indices among samples, the read numbers of each
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Fig. 2. Bacterial amounts and diversity in sea cucumber from different sites and sampling times.

(A) The amount of bacteria was estimated by real-time PCR. The average bacterial amounts in sea cucumber were compared among sampling sites

and times. Error bars indicate the standard deviation. (B) Comparison of Shannon diversity indices of samples from different sites and times. *p <

0.05, **p < 0.01, **p < 0.001.

sample were normalized to 25,000 by random subsampling
(Table S1). The average numbers of observed OTUs were
higher in the August samples (7,318.0 + 3,132.4) than in the
November samples (2,504.6 + 1,230.9; p < 0.001). The
highest number of OTUs was detected in site B in August
(11,985.2 + 554.8), whereas the lowest number was found in
site C in November (1,520.5 + 523.7). The numbers of
observed OTUs in sea cucumber samples collected from
site B were relatively higher than those in the other sites at
both sampling times. The Shannon diversity indices were
compared between seasons and sampling sites (Fig. 2B).
Overall, the microbiota in sea cucumber was more diverse
in August than in November (p < 0.001). Consistent with
the calculated cell numbers, the highest diversity indices
were detected in samples of site B, whereas the lowest were
detected in samples of site A. Therefore, the number of
bacteria was related to the bacterial diversity in sea
cucumber. Although the bacterial amounts and diversity
were higher in samples from site B, a higher water
temperature was detected in site C in August (27.2°C) and
at sites A and D in November (18.5°C) (Fig. 1). Site A is
located at the most northern coast of all sites, and site B is
surrounded by islands. In addition, site B is characterized
by shallow water depths (<50 m), relatively strong tidal
currents (1-2 m/s), and complicated coastlines with numerous
islands and more extensive tidal flats than the other
sampling sites [26]. This suggests that the colonization of
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indigenous bacteria in sea cucumber could be affected by
environmental factors other than water temperature.

Comparison of Microbiota Composition between November
and August at Each Site

The PCoA plots based on unweighted and weighted
UniFrac distances showed clear differences in the microbiota
of sea cucumber between August and November (Fig. 3).
Using the weighted UniFrac distances, clear differences
among sampling sites were found among the August
samples. Sites B and D clustered together in August, but
were more similar to samples from other sites in November.
These differences were in line with the variations in bacterial
amounts and diversity between August and November
(Fig. 2).

At the phylum level, Proteobacteria was the dominant
phylum in the majority of samples, and its abundance was
highest in samples from sites A (72.2%) and C (73.6%) in
August, whereas it was most abundant in samples from
sites B (77.1%) and D (73.3%) in November (Fig. 3B). The
proportions of Proteobacteria were decreased in samples
from sites A and C in November, whereas they were
increased in samples from sites B and D. This result
confirmed that the sea cucumber microbiota varies
geographically.

Verrucomicrobia and Bacteroidetes were the next most
dominant phyla in August (13.4%) and November (32.5%),
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respectively. The proportions of Bacteroidetes were highest
in samples from sites A and C in November. The
dominance of Proteobacteria, Verrucomicrobia, and
Bacteroidetes in the sea cucumber gut was also found in
previous studies [13, 14]. Although the phylum composition
was different between August and November, the
microbiota in samples from site B was consistently distinct
from that of the other sites at each sampling time. This
difference could be related to the relatively higher diversity
and bacterial amounts of samples from site B (Fig.2).
Planctomycetes and Firmicutes were the dominant phyla in
samples from site B in August and November. These two
phyla were also detected in a previous A. japonicus gut
microbiota study [14]. Although Proteobacteria was the
dominant phylum at both sampling times, the dominant
class within Proteobacteria differed over time (Fig. S1).
Alpha- and Betaproteobacteria were the dominant classes

in August samples, whereas Gamma- and Betaproteobacteria
were dominant in November samples. Alpha- and
Gammaproteobacteria were detected in the gut and
surrounding sediments of sea cucumbers in previous
studies [13, 14]. Nevertheless, Betaproteobacteria was
detected as the dominant class in sea cucumber at both
sampling times in the present study. Betaproteobacteria
members have been found in marine environments, where
they play a role in biological nitrogen fixation and
biodegradation of various compounds [27, 28]. The
dominance of Betaproteobacteria as well as Gamma- and
Alphaproteobacteria demonstrated that the microbiota
results in this study reflected the whole body of sea
cucumber, including gut contents. Flavobacteria was the
predominant class in November samples, which was also
previously reported to be a dominant member of the gut
microbiota of sea cucumber [15].
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The dominant genera (>0.5% of the microbiota in at least
one sample) were compared between sites and sampling
times (Fig. 52). The detected number of genera was higher
in August (426) than in November (130). The difference of
genera composition between sampling sites was also higher
in August than in November. In the August samples,
Burkholderia and Rubritalea were the commonly dominant
genera, which had the highest proportions at site D (46.1%,
p <0.01), and at sites A (18.3%) and D (14.2%), respectively.
Burkholderia (within Betaproteobacteria) was also detected
in a previous sea cucumber study [14], and Rubritalea was
found as carotenoid- and squalene-producing bacteria in a
marine environment [29]. The relative abundance of
Pseudahrensin was highest at site A (42.0%, p < 0.01),
uncultured Rhodobacteraceae was most abundant at site B
(25.6%, p < 0.01), and uncultured Rhodospirillaceae was
most abundant at site C (21.6%, p < 0.01). Pseudahrensia
species were also detected in the gut of a Japanese flying
squid and in seawater [30, 31], indicating that these
bacteria are likely common in seawater and sea animals. In
the November samples, the dominant genera were similar
between sampling sites except for site B. Psychrobacter and
Paraburkholderia were the dominant genera at site B (p <
0.05), whereas Flavobacterium, Enterobacter, and Burkholderia
were dominant genera at the other sites. Psychrobacter
species are psychrophilic bacteria that have been found in
marine environments [32]. Since the temperature of seawater
decreased during winter, the proportion of Psychrobacter
would be expected to increase after November. Flavobacterium
and Enterobacter are the common genera in the gut of
aquatic invertebrates, including sea cucumber [33]. Overall,
the difference of microbiota in sea cucumber among
sampling sites was higher in August than in November.

Detected Potential Pathogens in Sea Cucumbers

To determine the potential pathogens in sea cucumber
samples, the bacterial sequences were compared with
known pathogenic bacteria in the PATRIC database (http://
www.patricbrc.org). The detected potential pathogens
were compared between sampling sites and time (Fig. S3).
The detected number of potential pathogens was higher in
August samples (30 species) than in November samples (25
species), and the specific pathogens differed among
sampling sites. The relative abundances of potential
pathogens were higher in samples from site C (4.1% of total
microbiota) in August, and Staphylococcus warneri (3.23%)
and Staphylococcus sciuri (0.62%) were most abundant at
this site. S. warneri was a commonly detected potential
pathogen in both the August and November samples,
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which can cause bacteremia and septic arthritis [34, 35].
S. sciuri was detected only in the August samples, and has
been reported to be associated with several human diseases
such as endocarditis, peritonitis, septic shock, and wound
infections [36-38]. The proportions of Propionibacterium
acnes and Chryseobacterium indologenes were higher in
November than in August. P. acnes was detected in all sites
of November samples. This bacterium is generally
considered a non-pathogenic or low-virulence pathogen;
however, a few studies have shown its association with
chronic inflammation and systemic infections [39, 40].
C. indologenes has been detected in food and water sources,
and is usually associated with hospital-acquired infections
such as a nosocomial transinfection and sepsis [41, 42]. The
proportions of detected potential pathogens were higher in
November than in August at all sites except at site C.
Although the detected proportions of potential pathogens
were relatively low (<1.5% in November, <4.1% in August),
the higher proportion of potential pathogens in November
than in August at most of sites indicates that the ingestion
of sea cucumber is also a risk in November despite the
relatively low water temperature. However, since the
present detection was based only on the 165 rRNA gene,
further studies are needed to clarify the pathogenicity of
these bacteria using other methods.

Effects of V. parahaemolyticus Infection on Indigenous
Microbiota of Sea Cucumber Over Time

The effects of pathogen infection on the indigenous
microbiota of sea cucumber during storage or delivery to
consumers were evaluated by artificial infection experiments.
V. parahaemolyticus is a causative agent of acute gastroenteritis
in humans who consume raw or undercooked fish and
shellfish, and was reported to be isolated from cultured sea
cucumber, indicating its potential for infection after the
intake of raw sea cucumber [8]. Therefore, we analyzed the
effects of V. parahaemolyticus on the indigenous microbiota
of sea cucumber to simulate the transportation and storage
processes.

The bacterial amounts and diversity were compared
between non-infected and infected samples over time at
different temperatures (Figs.4A and 4B). Total bacterial
cells in sea cucumber decreased after 1 h in all samples,
which indicated that the indigenous bacteria in sea
cucumber could not maintain their biomass during storage
regardless of pathogen infection. However, the total
amount of bacteria increased after 4 h only in the infected
samples stored at 27°C (1.68 x 10° cells/g after 12 h). By
contrast, the diversity of microbiota increased during
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Fig. 4. Effects of Vibrio parahaemolyticus infection on indigenous microbiota of sea cucumber.

(A) Bacteria amounts, (B) Shannon diversity indices, (C) proportion of Vibrio, and (D) amounts of V. parahaemolyticus among samples of non-
infected sea cucumber stored at 4°C (4°C_NI, blue diamond with dashed line), infected by V. parahaemolyticus sea cucumber stored at 4°C (4°C_I,
blue diamond with solid line), non-infected sea cucumber stored at room temperature (27°C_NI, red circle with dashed line), and infected sea

cucumber stored at room temperature (27°C_I, red circle with solid line). Error bars indicate the standard deviation.

storage, suggesting a decrease in the cell numbers of
dominant members of the microbiota over time. The
diversity of infected samples at 27°C was lower than that of
the other samples after 12 h. This result could be due to the
good growth of V. parahaemolyticus in this condition,
leading to a decrease in the microbiota diversity. This
increase in V. parahaemolyticus was also reflected by an
increase in the proportion of the Vibrio genus and real-time
PCR results over time (Figs. 4C and 4D). However, these
increases were only detected in the infected samples at
27°C, which reflects the optimal growth temperature of
Vibrio (17-35°C) [43].

The shifts of microbiota were analyzed and compared
among different conditions at the phylum level (Fig. S4). At
Oh after infection, Proteobacteria was the predominant
phylum, followed by Verrucomicrobia. The proportion of
Proteobacteria then decreased in both the non-infected and
infected samples at 4°C over time, whereas the relative
abundance of Verrucomicrobia and Planctomycetes increased

in these samples. The proportion of Proteobacteria was
similar between the non-infected and infected samples at
27°C over time, but decreased more strongly in the non-
infected samples (78.1% after 12 h) than in the infected
samples (72.7% after 12 h). This difference could reflect the
effects of Vibrio on the microbiota of infected samples.
Although the proportion of Verrucomicrobia also increased
in these conditions, its proportion was smaller in samples
at 27°C (9.0% after 12 h) than at 4°C (19.6% after 12 h). The
proportion of Firmicutes increased in both infected and
non-infected samples at 27°C. These results further
demonstrated the different effects of V. parahaemolyticus on
indigenous microbiota depending on storage conditions.
The shifts of microbiota in each condition were further
evaluated according to the changes in the dominant genera
(Fig. 5). The proportions of Moraxella and Psychrobacter
decreased in both the non-infected and infected samples at
4°C, but Psychrobacter decreased more in the infected
samples (12.0%) than in the non-infected samples (16.7%)
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different color represents a different sample and genus, and the numbers beside the axis indicate the relative abundance of the corresponding

samples and genera. The width of the ribbons connecting the sample and genus segments indicates the proportion of the corresponding genera.

after 12 h. The shifts of Rubritalea, Bradyrhizobium, and
Uncultured Planctomycetaceae were similar in both the
infected and non-infected samples. Although the proportion
of Moraxella was similar in the non-infected and infected
samples until 4 h at 27°C, it became higher in infected
samples (60.6% vs. 37.1%) after 12 h. The proportion of
Psychrobacter also decreased more in infected samples
(8.0%) than in non-infected samples (19.9%) after 12 h. In a
previous study, Psychrobacter sp. showed a beneficial effect
on the growth, osmotic stress resistance, immunity, and
disease resistance of white shrimp [44]. In addition,
Moraxella was frequently isolated from diseased sea
cucumber [45]. Therefore, the alterations of Moraxella and
Psychrobacter can be candidate indicators for infection of
Vibrio during storage or delivery.

Analysis of the bacterial microbiota in the whole sea
cucumber body revealed clear variations in compositions

J. Microbiol. Biotechnol.

between sampling times and sites. Alpha-, Beta-, and
Gammaproteobacteria were the common dominant classes
in sea cucumber. Although the diversity of microbiota and
bacterial amounts in sea cucumber were influenced by
sampling time with relatively high temperature, the
surrounding environmental factors of sampling sites appear
to have a greater influence. The potential pathogens detected
in the present study (S. warneri, S. sciuri, P. acnes, and
C. indologenes) can be used to screen for pathogens in sea
cucumber, and alterations of Psychrobacter and Moraxella in
the microbiota of sea cucumber can be applied as indicators
of infection by V. parahaemolyticus. Further studies are
needed to understand the pathogenicity and interactions of
the microbiota detected in sea cucumber. Nevertheless,
these results can serve as a guide to develop management
and monitoring strategies for sea cucumber products to
improve food safety with sea cucumber consumption.
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