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Shewanella algae is a rod-shaped Gram-negative marine bacterium frequently found in nonhuman sources such as aquatic
ecosystems and has been shown to be the pathogenic agent in various clinical cases due to the ingestion of raw seafood.-e results
of this study showed that S. algaewas present in approximately one in four samples, including water and shellfish samples. Positive
reactions (API systems) in S. algae strains were seen for gelatinase (gelatin); however, negative reactions were found for indole
production (tryptophan). S. algae is adapted to a wide range of temperatures (4°C, 25°C, 37°C, and 42°C) and salinity. Temperature
is a key parameter in the pathogenicity of S. algae as it appears to induce hemolysis at 25°C and 37°C. S. algae exhibits pathogenic
characteristics at widely varying temperatures, which suggests that it may have the ability to adapt to climate change.

1. Introduction

Recent studies indicate that climate change is driving ocean
systems to recent increases in sea temperatures, with an
associated risk of bacterial pathogens activity [1]. Shewa-
nella algae has been identified as a new bacterial species,
Shewanella spp., from clinical samples [2]. It is a rare
human pathogen and symptoms of infection are often
misidentified as Vibrio spp. [3]. It can be isolated from
a wide range of environments, including fresh water, es-
tuary, and the deep sea [4]. Risk factors associated with S.
algae infections include chronic skin ulcer, chronic liver
disease, and immune system disorders [5–7]. It appears to
be more virulent in comparison with other Shewanella
species [8–10].

Reports of infection with S. algae species in human cases
are increasing, especially during the summermonths and in
tropical areas, such as India, China, and Taiwan [11–14]. In

general, S. algae can be considered an opportunistic
pathogen in humans exposed to a marine environment
when it infects people via an existing soft tissue ulcer
[15–22]. -ey have also been implicated in ear infection
[23], eye infection, infective arthritis, osteomyelitis, bac-
teremia [24], infective endocarditis, and peritonitis in
clinics [7]. Furthermore, S. algae infection tends to be
associated with the ingestion of raw seafood, especially in
individuals with hepatobiliary disease [3, 6, 13, 25]. -is is
a particular concern in some Asian regions in which there is
a high demand for a wide variety of raw seafood. However,
to date, there are few detailed data on S. algae with respect
to its biochemical profiles and sources of infection in
aquaculture.

In light of these questions, we conducted a study to
analyze aquaculture and diverse water sources in order to
determine the distribution of S. algae. Furthermore, we
determined the profiles of samples obtained from diverse
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ranges of salinity and temperature. �ese results may serve
as the basis of further study and could shed light on the
ability of this pathogen to adapt to climate change.

2. Materials and Methods

2.1. Sample Collection and Preparation. Aquaculture and
water samples were randomly collected from commercial
oyster seedbeds along the west coast of Taiwan, �sh markets,
�shing ports, commercial abalone farms on the east coast,
and some estuaries. �e aquaculture samples were placed in
sterile plastic bags, and water samples were collected in
transportation tubes.

All samples were transported in refrigerated containers
immediately after being collected. A total of 109 samples
(water isolates (n � 25) and aquaculture isolates (n � 84)
collected from 2012 to 2013 were investigated in this study
(Figure 1).

Each isolate from the digestive glands of oysters, abalone,
clams, and water samples were prepared on marine broth
2216 (MB; BD) as tenfold dilutions [26].

Secondary enrichment incubation was applied for 48
hours, and then 2 μL of culture media was taken by loop and
directly placed on the surface of marine agar 2216 (MA; BD).
Colonies on marine agar were 2.0–2.5mm in diameter, cir-
cular, convex with entire margins, and smooth after 2 days’
incubation at 30°C. Orange-yellow or pink colonies onmarine
agar (BD) were identi�ed as Gram-negative by Gram staining.

2.2. Biochemical and Nucleotide Sequence Analyses. �e
isolates were identi�ed to species level by 16S rDNA se-
quence nucleotide sequence analyses. Each of the isolates
identi�ed by PCR analyses tested positive for 16S rDNA.
Biochemical testing for phenotype was performed using an
API20 NE (bioMérieux). All tests were performed according
to the manufacturers’ instructions. PCR-mediated ampli�-
cation of the 16S rDNA was performed for con�rmation of
species identity. For nucleotide sequence analyses, genomic
DNA was puri�ed from overnight cultures of the isolates
after growth on marine agar. �e nucleotide was puri�ed by
using a QIAquick PCR puri�cation kit (Qiagen). �e
extracted DNA was stored at −20°C until processing.

�e remaining PCR solution was prepared for sequencing
to con�rm species identity. A fragment of the 16S rDNA gene
was PCR-ampli�ed from each genomic preparation using
forward primer 27F: 5′-AGAGTTTGATCCTGGCTCAG-3′
and 1492R: 5′-TACGGCTACCTTGTTACGACTT-3ʹ. Re-
action mixtures were incubated in an Eppendorf of Perkin-
Elmerk GeneAmp 9600 PCR system. �e reaction mix was
put through the following temperatures with an initial de-
naturation for 1min at 94°C, 1min at 55°C, and 5min at 72°C,
for 30 cycles. �e PCR products were thereafter cooled at 4°C.
Sequences of these amplicons were completed by ABI 3730xl
DNA Analyzer (Applied Biosystems). Reference sequences
utilized in phylogenetic analysis were retrieved from NCBI’s
GenBank database. �e 16S rDNA sequence data were
compared with all currently available sequences of organisms
belonging to the genus Shewanella.

Phenotypic characteristic assays included growth con-
ditions (temperature and salinity tolerance). Assessment of
biochemical features included measurement of oxidase,
hydrogen sul�de, and indole production. Carbohydrate and
fatty acids utilization, as well as hemolytic activity, was
analyzed.

2.3. Phenotypic Characteristic Assays. Include growth con-
ditions (temperature and salinity tolerance) and biochemical
features (oxidase, hydrogen sul�de, and indole production;
carbohydrate and fatty acids utilization; and hemolytic
activity).

2.4. Cellular Characterization. �e isolates were then grown
in an overnight marine broth and the turbidity diluted to
match a 0.5 MacFarland standard prior to inoculation at
di¢erent temperatures (24 hrs∼7 days). All strains were
tested for the ability to grow on MB and then placed into
four separate incubators at 4°C, 25°C, 37°C, and 42°C for
culturing (7 days). �e growth of the isolates was routinely
assessed indirectly by measuring the turbidity (OD600nm)
using a UV-visible spectrophotometer (Tecan in�nite 200,
Switzerland). Growth was determined as an absorbance
reading at or above 0.1.

2.5.HemolysisAssay. To investigate the presence of potential
virulence factors, we observed the hemolytic activity of S.
algae on plates of 5% sheep blood agar (Commercialized
Blood Agar Plate, Creative Co., Ltd., Taiwan) after in-
cubation at two di¢erent temperatures (25°C and 37°C) and
for two di¢erent times (24 hrs and 72 hrs).

2.6. Salinity Tolerance Assay. �e salinity tolerance screen-
ing assay of the selected bacterial strains was carried out
using tryptic soy broth (TSB, Difco) medium with 0–10%
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Figure 1: Location of sampling points of the aquaculture samples
(★; A: Abalone; C: Clams; O: Oyster) and water samples (∗; W:
water samples) in this study.
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(w/v) concentration of NaCl.-e flasks were inoculated with
bacterial culture and incubated at 30°C on a rotator shaker
(180 rpm) for 48 hrs. -e bacterial growth assessment was
carried out by measuring the turbidity (OD600nm) using
a fluorescence spectrophotometer (Tecan infinite 200,
Switzerland). -e experiments were conducted in triplicate
and the average values were recorded. -e bacterial isolates
were grown at 30°C for 7 days.

2.7. Statistical Analysis. Data were entered into Microsoft
Excel 2017 (Microsoft Corporation, Redmond, USA) and
analyzed.

3. Results

3.1. Quantity of Bacteria in Collected Samples. A total of 109
samples were collected. In total, 23% (19/84) of isolates from
shellfishes and 28% (7/25) of water isolates were identified as
Shewanella algae (Tables 1 and 2). We tested the significant
differences in the isolation rates between water samples and
shellfishes using Pearson’s chi square with Yates’ continuity
correction. We found no significant difference between the
two group (p � 0.798 and R � 0.022). -e phenomenon
suggests potential extensive water contamination which
warrants continuous surveillance.

-e bivalve mussels were identified by the Department of
Life Sciences, National Chung Hsing University. -e
mussels were confirmed to be related to Crassostrea angu-
lata, Meretrix lusoria, Perna viridis, Geloina erosa, and
Haliotis diversicolor. Among these, the isolation rates of
Shewanella algaewere 2/18 in abalone (Haliotis diversicolor),
11/36 in oyster (Crassostrea angulata), and 6/30 in clams
including Meretrix lusoria, Perna viridis, and Geloina erosa
(Table 1). In addition, the locations with the greatest
prevalence of Shewanella algae in water samples were
commercial aquaculture farms on the west coast, with an
isolation rate of 37.5% (3/8), followed by fish markets in
fishing ports on the east coast, with a rate of 26.7% (4/15)
(Table 2).

3.2. Characterization of Shewanella Strains. S. algae isolates
were cultured at four different temperatures to establish
reference data for future research on possible adaptation to
global warming. -e results showed S. algae isolates grew at
three temperatures within the linear range (25, 37, and
42°C), but grew poorly at 4°C (Table 3).-e growth curves of
S. algae under different temperature are shown in Figure 2.

-e biochemical profiles showed that all of the strains
were unable to utilize some carbohydrates, but produced
hydrogen sulfide (H2S). Positive reactions in S. algae strains
were seen for H2S (from sodium thiosulfate) and cyto-
chrome oxidase (oxidase test) and gelatinase (gelatin);
however, negative results were found for indole production
(tryptophan) and carbohydrates utilization, including
arabinose, mannose, mannitol, adipic acid, and phenylacetic
acid (Table 3).

Some S. algae isolates produced urease, which were
related to positive urea reaction. Furthermore, most S. algae

strains shared the ability to react with N-acetyl-glucosamine
(NAG) as membrane substrates and reduction of nitrate to
nitrite (potassium nitrate), and few S. algae isolates were able
to assimilate maltose. Moreover, the majority of S. algae
isolates assimilated capric acid and malic acid.

3.3. Effect of Salinity and Hemolysis In Vitro. -e cultures
were incubated at 30°C and all of them grew in the presence
of a wide range of NaCl concentrations from 0, 2%, 6%, and
10% (w/v) (Table 3). Comparing the growth effects in dif-
ferent conditions, the isolates from aquaculture and water
samples were favored by 0%, 2%, and 6% salinity. However,
no bacterial growth was found at 10% NaCl.

Hemolysis occurred in sheep blood agar after incubation
at two different temperatures (25°C and 37°C) (Table 3). One
hundred percent hemolysis was found in S. algae from both
aquaculture and water isolates at 37°C (after 72 hours).
Compared with the 25°C group, only 50% hemolysis oc-
curred after 72 hours.

4. Discussion

In this study, we investigated the prevalence of S. algae in
a variety of environments around Taiwan. We collected 109
samples and identified S. algae in 23% (19/84) of isolates
from shellfishes and in 28% (7/25) of water isolates (Tables 1
and 2).

S. algae can be found in samples from coastal areas,
aquaculture farms, and aquaculture products [27]. S. algae is
frequently found in the marine environment and is widely
distributed in nature. Reports of infections with this op-
portunistic pathogen in humans are rare, although they are
on the rise. In many clinical reports of hepatobiliary disease
involving S. algae infection, there was a history of raw
seafood ingestion [3, 25]. However, reports of S. algae in-
fection in aquatic animals are rare. In view of this, we
searched for articles on relevant cases in the ScienceDirect,
PubMed, and Google Scholar databases using the following
terms: “Aquaculture disease or Aquaculture products or
Environment” in conjunction with “Shewanella algae or
Shewanella alga.” -e collected studies included research
articles and case reports, as well as retrospective and series
studies. Table 4 shows a list of results for S. algae infections in
aquaculture animals from 1999 to 2017 in different countries
[15, 16, 28–40].-e results showed that S. algae is endemic in
Asia. -is finding is consistent with a number of studies
conducted in areas with warm climates, largely in Asia
[9, 41, 42]. A literature review of the period 1999 to 2017
showed that over 64% (9/14) of infection cases in aquatic
animals were in Asia, including China, Japan, Malaysia, and
Iran, as shown in Table 4. In addition, sea water was the
predominant source of contamination and some cases were
without disease symptoms.

In many reports of human infection with S. algae, the
patient had a previous history of hepatobiliary disease or
hemochromatosis and had recently consumed raw seafood
[25, 28]. It is well understood that patients with hereditary
hemochromatosis or hepatobiliary disease are prone to iron
overload [43, 44]. S. algae could be tolerant to bile salts and
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may produce tetrodotoxin [42], exoenzymes, or side-
rophores [8], which are considered virulence factors. Fur-
thermore, iron (Fe) serves as a terminal electron acceptor
when Shewanella spp. are exposed to anoxic conditions
[45, 46].

Our results showed S. algae strains are capable of
growing in the presence of 0∼6% NaCl. Shewanella spp. are
commonly found in marine environments and are believed
to be halophilic bacteria [47, 48]. -e traditional methods of
processing seafood often take advantage of the preservative
properties of salt, which permit long-term storage. -e high
salinity in the seafood product may influence the osmotic
pressure and physiological properties of any bacteria that
may be present. High salinity can result in the loss of mi-
crobial activity and cell plasmolysis. However, moderately
salt-tolerant bacteria can resist or reduce the damaging
effects of salt concentrations of up to 5-20% salinity [49].
-erefore, these salt-tolerant bacteria are potential food-
borne pathogens. In our results, growth of S. algae was
observed in a wide range of salinities (Table 3). Surprisingly,
S. algae was also found in fresh water and nonmarine en-
vironments, and thus did not appear to require Na+, as
shown in Table 3.

Furthermore, the seasonal growth and infection rate of S.
algae peak during the summer. Based on the growth curves
in our study, S. algae adapt to a wide range of temperatures,
with optimal growth temperatures ranging at room tem-
perature; under experimental conditions, the optimal tem-
peratures for bacterial growth were 25°C and 37°C (Table 3).
Comparing the two isolates of the curves based on optical
density, the curves of growth rate versus temperature are in
direct proportion as drawn in Figure 2. -is probably ex-
plains why reports of S. algae infection are more common in
warm water areas or tropical regions during the summer
than in cold-water environments [8]. Prior study revealed
that S. algae grows under the condition of temperature
26–34°C, pH 5–9 [40]. -e data provide further support of
the capacity of survival of S. algae under ocean acidification
caused by global warming.

Earlier research has suggested that hemolysis may be
used as a marker to predict potentially virulent strains of S.
algae [3]. We previously reported that a substantial number
of S. algae strains were capable of growing on sheep blood
agar. S. algae strains from all isolates exhibited hemolysis on
sheep blood agar. In Table 3, it can be seen hemolytic activity
on sheep blood agar was high (90% to 100%) at 37°C. In

Table 1: Incidence of Shewanella algae in aquaculture samples.

Location Sources of sample Genus species Total no. of samples No. yielding Shewanella algae
TaiTung Abalone (cultured) Haliotis diversicolor 6 2
Yilan Abalone (cultured) Haliotis diversicolor 12 0
YunLin Oyster (cultured) Crassostrea angulate 12 1
ChiaYi Oyster (cultured) Crassostrea angulate 6 2
KaoHsiung Oyster (cultured) Crassostrea angulate 6 2
Taichung Oyster (Fish market) Crassostrea angulate 6 2
PingTung Oyster (cultured) Crassostrea angulate 6 4
YunLin Clam (cultured) Geloina erosa 12 1
KaoHsiung Clam (cultured) Meretrix lusoria 6 3
ChiaYi Clam (cultured) Meretrix lusoria 6 0
PingTung Clam (cultured) Perna viridis 6 2
Total number 84 19
Isolation rate (%) 23

Table 2: Occurrence of Shewanella algae in different water-sampling sites.

Location Sources of sample No. of cultured No. yielding Shewanella algae
Miaoli County (Houlong Township) Mariculture 2 1
Changhua County (Yuanlin Township) Sea gate 3 1
Changhua County (Fishing port) Sea water 3 0
Taichung City (Dali Dist.) Fresh water 1 0
Taichung City (Wuqi Dist.) Sea water 2 0
Yunlin County (Kouhu Township) Mariculture 1 0
Chiayi County (Budai Township) Sea water 1 0
Kaohsiung City (Ziguan Dist.) Sea water 1 0
Pingtung County (Fangliao Township) Mariculture 4 2
Taitung County Sea water 4 2
Taitung County (Donghe Township) Fresh water 1 0
Hualien County (Fengbin Township) Sea water 1 1
Yilan County (Toucheng Township) Mariculture 1 0
Total numbers 25 7
Isolation rate (%) 28
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contrast, there was no obvious hemolysis on the first day of
incubation at 25°C; however, it was clearly evident on the
second day. -is finding implies that Shewanella species
exert various forms of hemolysis. Our results are also
consistent with epidemiologic studies in Denmark [28] and
Taiwan [25], which showed the infection rates of S. algae
were correlated with temperature fluctuation. In general,
most S. alga strains exhibited hemolysis after prolonged
incubation (48 to 72 h) and the area of hemolysis was clear.

-e major characteristics in all S. algae isolates in this
study include the ability to exert a strong hemolytic effect: an
inability to utilize carbohydrates, although a few isolates
were able to use maltose from some water samples. Other
studies previously found that a few Shewanella species could
utilize L-arabinose and glucose [9, 50]; however, we were not
able to confirm these results.

S. algae utilizes few carbohydrates as the sole carbon
source according to the results of this study. In principle,
bacteria are quite diverse in terms of nutrient utilization and
metabolic requirements in a specific environment, owing to
their biosynthetic capabilities. Previous biochemical charac-
terization studies have suggested that while some Shewanella
species are able to metabolize different sugars for growth, they
might be limited to biosynthetic purposes such as cell wall
synthesis or as a storage molecule, rather than as a carbon
source [51, 52]. -is could explain the apparent in-
consistencies among several experimental observations. In
our results, only 14% of S. algae from diverse water sources
and 16% of aquaculture isolates utilized maltose (Table 3).
From these, we may infer S. algae adapt to environmental
changes via different biosynthetic pathways. Shewanella spp.
possess a number of mechanisms to assimilate carbohydrates

Table 3: Phenotypic characteristics of Shewanella algae isolates.

Reaction
Values are positive percentages

Aquaculture isolates (n � 19) (%) Water isolates (n � 7) (%)
Growth at
4°C on MB 0 14
25°C on MB 100 100
37°C on MB 100 100
42°C on MB 74 100
30°C in LB with 0% NaCl 100 100
30°C in LB with 2% NaCl 100 100
30°C in LB with 6% NaCl 100 100
30°C in LB with 10% NaCl 0 0
Hemolysis of blood agar plate at
37°C (24 hrs) 89 100
25°C (24 hrs) 0 0
37°C (72 hrs) 100 100
25°C (72 hrs) 53 57
Reactions/enzymes (API20NE)
Reduction of nitrates to nitrites 100 100
Indole production 0 0
Glucose fermentation 0 0
Arginine dihydrolase 5 0
Urease 32 29
β-Glucosidase 53 43
Gelatinase 95 100
β-Galactosidase 11 0
Assimilation (API20NE)
Glucose 0 14
Arabinose 0 0
Mannose 0 0
Mannitol 0 0
N-Acetyl-glucosamine 95 100
Maltose 16 14
Potassium gluconate 0 14
Capric acid 79 71
Adipic acid 0 0
Malic acid 100 86
Trisodium citrate 11 29
Phenylacetic acid 0 0
Others
Oxidase 100 100
H2S-production (TSIA) 100 100
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from the environment. It has been proposed that Shewanella
oneidensis MR-1 uses the formaldehyde produced from py-
ruvate during growth under anaerobic or oxygen-limited
conditions [53].

In addition, the results of indole production were all
negative for S. algae isolates. Indole can act as an extra-
cellular signal to regulate bio�lm-promoting factors and the
expression of adhesion molecules [54]. Bacteria which give
negative results for the indole test include some Aeromonas
species and Vibrio spp. [55]. Recent studies showing that
non-indole-producing bacteria generate various oxygenases
which may degrade indole or interfere with indole signaling
[56, 57]. Many oxygenase and reductase reactions may be
involved in metal ion facilitation in bacteria [58]. �e ability
of S. oneidensis to reduce oxidized metals or nitrate e¢ec-
tively has been identi�ed as an important intrinsic activity of
Shewanella species [59–62]. �ese results all indicate that S.
algae is capable of adapting to environmental changes.

Further studies are needed to clarify the role of regulating the
intrinsic activity of S. algae.

�ere were several limitations in this study. First, con-
tinuous multisite surveillance is needed to demonstrate
seasonal variation and long-term e¢ect of global warming on
S. algae population. Second, the lack of discrimination by the
API systems for Shewanella bacteria is understandable since
the isolates show diverse results in biochemical testing. It is
necessary to improve identi�cation schemes to identify
pathogenic and nonpathogenic strains of S. algae in the
natural environment.

In summary, our study identi�ed the presence of S. algae
in water and aquaculture products in Taiwan. We further
identi�ed hemolytic activity in all isolates, indicating that
this species of bacteria possesses a pathogenic potential. We
found high levels of S. algae isolates contained in diverse
sources (oysters, abalone, clam, and water samples). �e
ability of Shewanella strains to tolerate a wide range of

Table 4: Distribution of Shewanella algae in environment samples and aquaculture animals (1999–2017).

Year Region Sampling location Host Disease symptoms References
1999 Denmark Sea water Environment samples No Gram et al., [28]
2000 Denmark Sea water Environment samples No Vogel et al., [15]
2002 China Sea water Scinenops ocellata Ulcer disease Chang et al., [16]
2006 China Pond water Abalone Whitening, shrunken muscles Cai et al., [29]
2008 USA Sea water Shell�sh Nonavailable Richards et al., [30]
2009 Japan Sea water Sea cucumber Nonavailable Beleneva et al., [31]
2010 Malaysia Tank water Shrimp Healthy post larvae Zadeh et al., [32]
2010 Japan Tank water Pu¢er�sh Healthy �sh Sugita et al., [33]
2011 USA Sea water Sediments No Cummings et al., [34]
2012 China Sea water Environment samples No Zhao and Dang, [35]
2013 China Sea water Marine culture No Liu et al., [25, 36, 37]
2013 China Sea water Deep-sea sediments No Jiang et al., [36]
2013 Portuguese Sea water Deep sea No Martins et al., [38]
2015 Iran Sea water Mussels/sediment No Bayat et al., [39]
2017 China Sea water Fish Noticeable histological lesions Z. Han et al., [40]
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Figure 2: Growth curve of Shewanella algae isolates. (a) Aquaculture-origin, laboratory ID: O12. (b) Water-origin, laboratory ID: E-W1.
Shewanella algae isolates were cultivated in LB broth at 12, 25, 37, and 42°C with shaking at 200 rpm. �e optical density (OD600) was
measured every 3 hours from zero point until 48 hours.
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temperatures and salinities in experimental challenges may
be due to the expression or repression of genes, but further
research is needed to explore the potential underlying
mechanisms involved. -ese results suggest that monitoring
the levels of pathogenic species and strains should be
continued in Taiwan and expanded to other tropical and
subtropical zones in Asia.
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