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In recent years, Shewanella putrefaciens, commonly known as a halophilic bacteria, has been associated with serious health

disorders in freshwater fish. Therefore, it has been described as a new aetiological agent of the disease, named shewanellosis.
S. putrefaciens is a heterogeneous group of microorganisms, belonging to the Alteromonadaceae family. Based on different
criteria, three biovars and biogroups as well as four genomic groups have been distinguished. The first infections of
S. putrefaciens in fish were reported in rabbitfish (Siganus rivulatus) and European sea bass (Dicentrarchus labrax L.).
Outbreaks in farmed fish were reported in Poland for the first time in 2004. The disease causes skin disorders and haemorrhages
in internal organs. It should be noted that S. putrefaciens could also be associated with different infections in humans, such as
skin and tissue infections, bacteraemia, otitis. Investigations on pathogenic mechanisms of S. putrefaciens infections are very
limited. Enzymatic activity, cytotoxin secretion, adhesion ability, lipopolysaccharide (LPS), and the presence of siderophores are
potential virulence factors of S. putrefaciens. Antimicrobial resistance of S. putrefaciens is different and depends on the isolates.

In general, these bacteria are sensitive to antimicrobial drugs commonly used in aquaculture.
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Introduction

Shewanella putrefaciens is commonly known as
halophilic bacteria having an important role in the
spoilage process of frozen food products such as fish,
beef, and poultry meat (6, 11, 13, 14, 36). A significant
impact of this bacterium on human health has also been
noted, with a total of 260 health disorders described
over the last 40 years, clearly indicating the potential
hazard it poses (17, 45).

In recent vyears, S. putrefaciens has been
associated with serious health disorders in fish, and
therefore these bacteria have been described as a new
aetiological agent of the disease, named shewanellosis
(28). The first fish infections caused by S. putrefaciens
were reported in marine species (22, 38). In freshwater
fish, the disease outbreaks were described for the first
time in Poland in 2004 (24). Since then, serious health
problems have been observed in various freshwater fish
species (24, 33, 34, 35, 37). The most interesting fact is

that S. putrefaciens, considered as halophytic bacteria,
has an ability to adapt to freshwater environment.

The aim of this review is to present the current
state of knowledge concerning S. putrefaciens as a new
aetiological agent of fish disease.

Taxonomy. S. putrefaciens is a gammaproteo-
bacterium belonging to the Alteromonadaceae family
(7). This bacterium, isolated for the first time in 1931,
was initially classified as Achromobacter putrefaciens
or Pseudomonas putrefaciens (26), and finally, in 1985,
as Shewanella putrefaciens (27).

Different properties were used to characterise
S. putrefaciens strains (Table 1). Based on growth
conditions, three biovars of these microorganisms
have been distinguished. Bacteria classified into
biovars 1 and 3 include mainly psychrophilic strains,
which have no ability to grow in 6% sodium chloride,
in contrast to mesophilic isolates classified into biovar
2 which grow in higher concentrations of this
compound (12).
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Table 1. Classification of S. putrefaciens strains

Properties Growth conditions (12) (le(c)))chemlcal properties (D3III)A-DNA hybridisation (17683r3I§NA gene
Taxon biovar 1, 2, 3 biogroup 1, 2, 3 IO\ﬁerll”S %{e/nomlc groups group I, Il

According to another classification based on the
biochemical properties of S. putrefaciens strains, the
bacteria have been divided into three biogroups.
Biogroup 1 is represented by the isolates which
exhibited the ability to produce acid from maltose and
sucrose, as opposed to the strains classified into
biogroups 2. All isolates belonging to biogroup 3 show
the ability to produce only acid from maltose (20).

Based on DNA-DNA hybridisation, S. putrefaciens
has been divided into four clearly separated Owen’s
genomic groups (I-1V) (31). The first genomic group
(1) includes isolates of S. putrefaciens sensu stricto,
which contain 43-45 mol % G+C. Biochemical
properties of the isolates representing this genomic
group are similar to those classified previously into
biogroup 2 (20). Basic composition of the strains
classified into genomic group Il ranges from 46 to
49 mol % G+C, and their properties are similar to
strains classified into biogroup 1 (20). However,
nomenclature of genomic group 111 is still not clear, and
therefore these strains are defined as S. putrefaciens
group 1. Genomic groups Il and IV were reclassified
as S. baltica (47) and S. algae (30), respectively.

Analysis of the 16S rRNA gene indicated that the
isolates of S. putrefaciens were placed with other
species of the genus Shewanella, such as S. baltica,
S. oneidensis, and S. frigdimarina (7). Afterwards, it
occurred that S. putrefaciens strains  were
heterogeneous. Analysis of the 16S rRNA gene
sequence showed that the strains qualified into Owen’s
genomic group |, represented by ATCC 8071, and
group Il represented by a strain ATCC 8073, are
located in two separate sub-groups (7, 31). Moreover,
our own studies, based on 16S rRNA gene sequences,
subdivided the isolates collected from freshwater fish
into two analogous sub-groups (33). The first subgroup
(1) includes the strains isolated from fish exhibiting
clinical signs of the disease, while the subgroup Il was
represented by the strains collected mainly from wild
and ornamental fish. In addition, our analysis of the
conservative region of 16S rRNA gene confirmed that
S. putrefaciens isolated from freshwater fish
represented at least three different species, but only one
belonged to S. putrefaciens sensu stricto (unpublished
data).

Occurrence. S. putrefaciens belongs to
a heterogeneous group of microorganisms adapted to
different ecosystems. These bacteria were considered
as halophilic microorganisms, isolated mainly from
marine environment, brackish water, and sediments (8,
32). Currently, S. putrefaciens group is spreading
to different ecosystems, including freshwater
environments (7,24). The bacteria have been isolated

from a number of environmental sources, such as
ponds, lakes, estuaries, soil, and crude oil (7, 29, 39).

S. putrefaciens is commonly known as a spoilage
microorganism of seafood, e.g. fish and shellfish, as
well as poultry and beef products stored under
refrigerated conditions (7, 36, 43). Furthermore, the
bacteria form volatile compounds, which are
responsible for odour of spoiled fish (7). In healthy
fish, S. putrefaciens colonises the gills (2, 32), and
similarly to other opportunistic bacteria (Aeromonas
sp., Pseudomonas sp.) is a part of physiological flora of
marine and freshwater fish species (1, 2, 32).

These bacteria are also isolated from humans. The
most common disorders caused by S. putrefaciens are
skin and tissue infection, bacteraemia, otitis, and
abdominal or biliary tract infections. Less frequently,
S. putrefaciens is associated with infections of the eyes,
respiratory tract, bones, urinary tract, or heart (17, 45).
Pneumonia caused by these bacteria in premature
babies has been also reported. Nevertheless, most
health disorders affect patients with a weakened
immune system (40). Humans are usually infected
through skin contact with water, especially when the
former has wounds or ulcers (10). However, many
infections have not been correlated with water and were
reported in hospitalised patients (5, 45).

Morphology, growth characteristics, and
biochemical properties. Bacteria of S. putrefaciens
group are Gram-negative and rod-shaped measuring
0.5-1.0 um x 1.5-2.0 um. The bacteria show mobility
due to the presence of single polar flagella.
S. putrefaciens does not produce capsules or spores.
Colonies are round, shiny, and orange in colour
(Fig. 1), with the size ranging from 1 mm to 2 mm (7).

Fig. 1. Colonies of S. putrefaciens
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S. putrefaciens is facultative anaerobe and the optimum
growth temperature varies between 4 and 37°C (7, 20,
22, 24, 35). The presence of sodium chloride is
necessary to culture S. putrefaciens. However, some
strains do not require this compound, which shows the
adaptability of these microorganisms to the freshwater
environments (7, 20).

Generally, S. putrefaciens is oxidase positive,
hydrolyses gelatine, and reduces nitrate to nitrite (7, 8,
17, 22, 33, 35). However, the differences between some
of the biochemical properties, such as production of
acid from arabinose (7, 8, 17, 20, 24, 33),
decarboxylation of ornithine (20, 22, 24, 33, 35), or
citrate assimilation (7, 8, 33), were observed. Selected
properties of S. putrefaciens strains are presented in
Table 2.

Table 2. Characteristics of S. putrefaciens strains

Gram staining -
Morphology of the cells rod
Motility +
Production of the spores or capsules -

Oxygen requirements facultative
anaerobe
4-37°C
Oxidase +
Reduction of NO; to NO;
Ornithine decarboxylase
Citrate assimilation

H,S production

Gelatin hydrolysis
Esculin hydrolysis
Urease hydrolysis -
Production of acid from arabinose v

Growth temperature

<|+|+|<|<|+

Production of acid from glucose, mannitol,
inositol, sorbitol, -
rhamnose, melibiose, and amygdalin

Tryptophan deaminase -
Indole production -
Voges-Proskauer -

Assimilation of glucose, arabinose
potassium gluconate, and capric acid

Assimilation of mannose, mannitol -

negative: —, positive: +, variable: v

These microorganisms show the ability to convert
inorganic or organic compounds and metals such as
iron, manganese, chromium, and uranium, during
anaerobic  respiration (7, 29). In addition,
S. putrefaciens reduces sulphate and sulphur to
hydrogen sulphide, and also trimethylamine oxide to
trimethylamine. These components are responsible for
fishy odour (7).

Susceptible host species and clinical signs of
fish disease. S. putrefaciens infections have been
reported in different freshwater fish species, e.g. loach
(Misgurnus anguilticaudatus) in China (35), siberian

sturgeon (Acipenser baerii) and hybrid sturgeon (Huso
huso x Acipenser baerii) in North Bulgaria (37). In
Poland, the disease has been diagnosed in common
carp  (Cyprinus carpio L.), rainbow trout
(Oncorhynchus mykiss) (24, 33), as well as in
wild population of fish, such as silver carp
(Hypophthalmichthys  molitrix), sander  (Sander
lucioperca), and brown trout (Salmo trutta m. trutta)
(33). Furthermore, health disorders caused by
S. putrefaciens have been noted in ornamental fish
imported to Poland from Africa: koi carp
(Cyprinus carpio L.) and slender krib (Pelvicachromis
taeniatus) (33).

The mortality of farmed fish associated with
S. putrefaciens infections was estimated at 33%, while
the challenge test showed 85% mortality (24, 33, 35,
37). The intensity of shewanellosis is usually dependent
on the kind of bacterial isolate. The disease is generally
manifested by ulcerative and necrotic lesions on the
skin (Figs 2 and 3). Clinical signs may include
disorders such as lethargy, dark discoloration of the
skin, swollen anus (Fig. 4), and necrosis of the gills.
Internally, gross lesions may include haemorrhage in
the kidneys and spleen as well as petechiae in the swim
bladder (24, 33, 35, 37). In most cases, S. putrefaciens
was isolated together with other species, e.g.
Aeromonas sp. and Pseudomonas sp. (33), Listonella
sp. (35), and Staphylococcus warneri (37). In marine
fish, such as rabbitfish Siganus rivulatus and European
sea bass (Dicentrarchus labrax), S. putrefaciens caused
health disorders, also leading to mortality (22, 38). The
clinical signs of affected fish included lethargy, ulcers
on the dorsal part of the body, and paleness of internal
organs (22, 38).

Outbreaks in farmed fish generally occur in
spring, when water temperature ranges from 7 to 10°C
(33). Furthermore, our studies showed the ability of
S. putrefaciens to grow in pond water at temperature
range of 5-15°C. In addition, it was found that these
microorganisms inhibit other bacteria present in
freshwater. This indicates the correlation of infections
in fish with low water temperatures (unpublished data).

Virulence factors. Research on the pathogenic
mechanisms of S. putrefaciens is very limited. Factors
determining  penetration and  proliferation  of
S. putrefaciens, or tissue damage in the infected
organisms have not been described yet. Therefore,
potential virulence factors, which include enzymatic
activity, cytotoxins secretion, adhesion ability,
lipopolysaccharides (LPS), and the presence of
siderophores, are analysed in this review.

Enzymatic properties play an important role in the
metabolic pathways of microorganisms, determining
their pathogenicity, and consequently, spread of
bacteria in the organisms. Hydrolytic enzymes,
especially proteases, which contribute to tissue damage
as well as inhibition of the host immune response, have
a significant role in pathogenesis (44).



434 E. Pazdzior/] Vet Res/60 (2016) 429-434

Fig. 2. Common carp — necrotic lesions and ulcers on the skin

Fig. 4. Common carp — swollen anus and skin ulcers

For example, bacteria of the genus Aeromonas that
cause fish infections demonstrate lipolytic and
proteolytic activity that defines their pathogenicity
(44). S. putrefaciens strains are characterised by the
high activity of acid and alkaline phosphatases,
esterase, leucine arylamidase, and naphtholAS-BI
phosphohydrolase. However, only some isolates
produce valine arylamidase, trypsin, chymotrypsin, and
N-acetyl-B-glucosaminidase (20, 33). Furthermore,
proteolytic (20, 33) and lipolityic (33) activity of
S. putrefaciens were also determined.

Another important property of the bacteria is
secretion of cytolysins, e.g. haemolysins. Most strains
of S. putrefaciens are not able to produce haemolysins
(17, 24, 30); however, some isolates show this ability
(20, 22, 36, 46), which indicates the diversity of these
microorganisms. Haemolysis was observed mainly in
bacteria classified into Owen’s genomic group III (31).

The bacteria produce specific proteins that allow
colonisation of host tissues by microorganisms.
Bacterial fish pathogens secrete proteins, called
adhesins, determining their pathogenicity (9,23). Some

isolates of S. putrefaciens have the ability to adhere to
human epithelial type 2 cells (HEp-2) (20). Moreover,
S. putrefaciens adhere and form biofilms on steel
surfaces due to iron reduction (3). Bacterial adhesion
ability is a significant problem in food industry, as it
causes difficulties in their elimination from the
production areas, adversely affects the quality of food,
and may lead to diseases in humans. From the
perspective of aquaculture, ability of S. putrefaciens to
adhere to various tools and equipment at fish farms
may be a source of fish infections. Since most bacterial
fish pathogens, including S. putrefaciens, are
facultative and may cause the diseases when
environmental conditions become unfavourable, it
poses a serious problem.

Lipopolysaccharide (LPS) is a component of the
outer membrane of Gram-negative bacteria, which
consists of three regions: the most conservative lipid A,
core  polysaccharide, and O-specific antigen.
Depending on the length of O-specific chain, two types
of LPS are observed: the smooth LPS (S-LPS) which
contains the O-antigenic side chain and rough LPS
(R-LPS), which does not contain side chains of the
O-antigen or they are reduced (4). R-LPS without
O-chains was described in S. putrefaciens (21, 28). The
reduced lipopolysaccharide structure allows for better
adhesion of bacteria to the iron-containing surface, and
therefore more efficient use of this metal as an electron
acceptor in respiration. The core of LPS has high
concentrations of carboxyl and phosphoryl sites, which
indicate the polarity, and contribute to the interaction
with metal ions (21). In addition, the LPS of
S. putrefaciens predisposes these bacteria to form
biofilms on iron surface, and also enables to use this
metal in their metabolic pathways. On the other hand,
the O-antigen determines pathogenicity of some
bacteria protecting them from the host immune
response (44). Moreover, O-specific chains define
serotypes due to the presence of somatic antigens
characteristic for individual strains (19). Therefore, the
reduction of O-specific chain in S. putrefaciens causes
difficulties in serological differentiation of these
bacteria based on somatic antigen.

Siderophores represent potential virulence factors
of S. putrefaciens. These compounds acquire iron to the
bacterial cells under iron deficient conditions. This
metal is necessary in such metabolic processes as
respiration, DNA synthesis or gene regulation, and it
constitutes the component of many enzymes secreted
by bacteria. Moreover, siderophores are important
pathogenic factors, which bind iron in the host cells,
and transport it into bacterial cells (4). Siderophores are
low molecular mass compounds divided into three
major  classes: hydroxamates, phenolates, and
carboxylates  (16). S.  putrefaciens  produces
hydroxamate-type  siderophores (15, 20), e.g.
putrebactin, which are formed during decarboxylation
of L-ornithine (25, 41, 42). The hydroxamate
compounds are characterised by lower affinity to iron
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in comparison with phenolates produced by
Pseudomonas sp. isolated commonly together with
S. putrefaciens. Therefore, S. putrefaciens may be
inhibited by these microorganisms under iron-limited
conditions (15).

Antibiotic resistance. Resistance of S. putrefaciens
to antimicrobial agents depends on the source of isolates.
In recent years, studies have been performed on
sensitivity of different bacterial strains collected from
freshwater (24, 33, 35, 37) and marine fish (22), as well
as shellfish (18) and also humans (45), against various
chemotherapeutic agents. A common feature of all
isolates is the sensitivity to quinolones (18, 24, 33, 35,
37, 45). The majority of isolates showed sensitivity to
tetracycline (20, 24, 33, 37, 45), although the isolates
from marine fish were resistant to this group of
antimicrobial substances (22). Bacteria collected from
fish and most human isolates showed sensitivity to
sulphonamide and trimethoprim combinations (33, 45).
Strains isolated from marine as well as from freshwater
fish were resistant to sulphonamides (33, 35). Resistance
to penicillins was usually observed in S. putrefaciens
(18, 24, 33, 35, 37); however, isolates collected from
marine fish showed sensitivity to this antibiotic (22).
Isolates collected from humans were generally sensitive
to carbapenem. However, some bacteria isolated from
human are multidrug-resistant (5, 45).

Conclusions

Some phenotypic properties of S. putrefaciens,
such as enzymatic activity, adhesion capacity or iron
absorption under environmental deficiency of this
metal, may constitute the potential pathogenic factors
of these microorganisms. Presented issues are very
important for the aetiology of bacterial infections of
fish, because these bacteria play an important role in
the health status of fish through their ability to adapt
and spread in the freshwater environment.

Further studies on the mechanisms of S. putrefaciens
virulence are necessary. This could contribute to
development of methods for prevention of infections.
Spread of S. putrefaciens infection in freshwater fish
have been observed in recent years, and therefore it is
necessary to characterise this bacterium in relation to
emerging risks, for prospective protection of the health
of freshwater fish, environment, and humans.
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