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Isolations of Shewanella and Aeromonas Species from Silver
European Eel Fish (Anguilla anguilla Linnaeus, 1758)

Giimiis Avrupa Yilan Bahgi (Anguilla anguilla Linnaeus,
1758)’ndan Shewanella ve Aeromonas Tiirlerinin Izolasyonlar:

ABSTRACT

The aim of this study is to inform isolations of Shewanella putrefaciens, Aeromonas sobria
and Aeromonas veronii from the silver European eel fish (Anguilla anguilla) caught from
the Gulf of Antalya, Turkey. Three silver eel fish samples as freshly dead (mean weight 75
g) were obtained by a local fisherman. For presumptive identification of the bacterial
strains, the strains were identified using a variety of phenotypic characteristics. The further
identification of the strains was performed with PCR. Clinically, the silver eel samples
showed pale gills, losses of scale, necrotic lesions on dorsal, hemorrhagies on the jaws,
lateral and ventral sides of the body and around the anus and hemoragic anal fin. At
necropsy, the fish had enlarged and pale spleen and the gastrointestinal tract was empty.
After 72 hours, 10 bacterial strains were isolated. 6 strains as Shewanella putrefaciens, 2
strains as Aeromonas sobria and 2 strains as Aeromonas veronii were identified according
to the phenotypical characteristics and PCR study results. The eel fish stocks in natural
conditions are decreasing and this problem may be multifactorial such as disease, migration
and overhunting. As a result of this study, Aeromonas veronii was first isolated from
Anguilla anguilla.
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OZET

Bu caligmanin amaci Tiirkiye, Antalya Korfezi’nden yakalanan glimiis Avrupa yilan balii
(Anguilla anguilla)’ndan Shewanella putrefaciens, Aeromonas sobria ve Aeromonas
veronii’nin izolasyonlarim bildirmektir. Uc giimiis yilan balig1 érmegi (75 g) yeni 6lmiis
olarak yerel bir balikgidan temin edildi. Bakteriyel suslarin varsayimsal tanimlanmasi i¢in,
suslar bir dizi fenotipik 6zellikler kullanilarak tanimlandi. Suslarin ileri tanimlanmasi1 PZR
ile yapildi. Klinik olarak, giimiis yilan baligi 6rnekleri solgun solungaclar, pul kaybi,
dorsalde nekrotik lezyonlar, c¢enelerde, viicudun yan ve ventral kisimlarinda ve aniis
etrafinda kanamalar ve hemorajik anal yiizge¢ gosterdi. Nekropside, baliklar bilyiimiis ve
solgun dalaga sahip ve mide bagirsak kanali bostu. 72 saat sonra, 10 bakteriyel sus izole
edildi. Fenotipik 6zellikler ve PZR ¢aligma sonuglarina gére 6 sus Shewanella putrefaciens,
2 sus Aeromonas sobria ve 2 sug A. veronii olarak tanimlanmistir. Dogal kosullarda yilan
balig1 stoklar1 azalmakta ve bu sorun hastalik, gé¢ ve asir1 avlanma gibi ¢ok faktorlii
olabilmektedir. Bu ¢aligmanin bir sonucu olarak Aeromonas veronii, Anguilla anguilla’dan
ilk kez izole edilmistir.

Anahtar Kelimeler: Anguilla anguilla, Shewanella putrefaciens, Aeromonas sobria,
Aeromonas veronii, PZR

INTRODUCTION

The genus Anguilla consists of about one hundred fish species; however,
European eel (Anguilla anguilla, Linnaeus, 1758), Japanese eel (A.
japonica, Tomminck and Schlegel, 1847) and American eel (A. rostrata,
Lesueur, 1817) are mostly consumed eel fish species in several regions of
the America, Japan and Europe countries (Caruso et al., 2014). The
European eel enters European waters and some of these fish start an
upstream migration to colonise at the glass eel stage. Then, they begin
spawning migration back down to the sea at the silver stage (Simon, 2015).

How to cite this article,

Korun, J., Celik, Y.S., Yilmaz, M., Gokoglu, M. (2019). Isolations of Shewanella and
Aeromonas Species from Silver European Eel Fish (Anguilla anguilla Linnaeus, 1758).
J Adv VetBio Sci Tech. 4(1): 9-15. DOI: http://doi.org/10.31797/vetbio.544847

] Adv VetBio Sci Tech, 2019, 4(1), 9-15

Research Article

Jale Korun 2

Yagmur Saadet Celik °
Mesut Yilmaz*
Mehmet Gokoglu @

Akdeniz University, faculty of
aquaculture, Antalya, TURKEY

RCID: 0000-0002-1930-9978

MORCID: 0000-0003-2877-0915)
MORCID: 0000-0001-8799-3452)
RlORCID: 0000-0001-9723-8581]

Correspondence

Jale Korun

Akdeniz Universitesi Kampiisii Su
tirtinleri fakiiltesi Antalya Tiirkiye
jalekorun@akdeniz.edu.tr

Article info

Submission: 26-03-2019
Accepted: 25-04-2019
Online published: 28-04-2019

This work is licensed under a Creative
Commons Attribution 4.0 International
License

S

e-1SSN: 2548-1150

website: http://dergipark.gov.tr/vetbio
doi prefix: 10.31797/vetbio.



https://orcid.org/0000-0002-1930-9978
https://orcid.org/0000-0003-2877-0915
https://orcid.org/0000-0001-8799-3452
https://orcid.org/0000-0001-9723-8581
http://dergipark.gov.tr/vetbio
https://dx.doi.org/10.31797/vetbio.

Shewanella and Aeromonas Species from Silver European Eel Fish

ut, population of the species has been in step

decline (Dekker, 2003). All anthropogenic

factors which decrease production and
population of the silver eels in natural waters include
chemical pollution, loss of habitat, fisheries, migration
barriers and disease problems (Mariarty and Dekker,
1997; Dezfuli et al., 2014; Roland et al., 2014; ICES,
2017).

Diseases observed in fish are classified as
contagious and non-contagious diseases. Infectious
agents cause contagious diseases and these agents
include bacteria, viruses, microparasites such as
protozoan parasites and macroparasites such as
trematodes and nematodes. Non-contagious diseases
are caused by a variety of factors including chemical
contaminants and genetic factors (Johnson and Paull,
2011). Of the infectious agents, bacterial infections are
important because of having potential threat for
aquaculture production systems. These infections lead
to serious ecomical fish losses. But, they have less
important for wild fish populations (Chang and Liu,
2002; Haenen et al., 2013).

For rearing of A. anguilla for commercial purposes,
the production of the species depends on collection of
the elver and/or glass eels from natural stocks. But,
any disease outbreak or infection on the wild eel
population may have negative effect on the fish stock.
Edwardsiellosis, vibriosis and Aeromonas hydrophila
infections are bacterial infections and were reported
from both wild and reared the European eel under the
controlled culture conditions (Esteve et al., 1993;
Chang and Liu, 2002; Fouz et al., 2006; Haenen et al.,
2013). Edwardsiella tarda is one of the causative
agents of edwardsiellosis (syn. red disease of eels).
The infection affects seriously the eel population
(Chang and Liu, 2002; Haenen et al., 2013). Vibrio
vulnificus has three biotypes and strains of the biotype
2 are commonly associated with the eel infections
(Kim et al., 2017). Esteve et al. (1993) reported
disease outbreaks from an eel farm that was located in
Spain in 1987 and 1988. They noticed that the etiology
of the disease was complex because of isolations of A.
hydrophila, A. jandaei, Pseudomonas fluorescens and
S. putrefaciens from sick eel samples during epizootics
and also routine survey studies.

Shewanella putrefaciens causes shewanellosis. The
disease is generally characterized by necrotic and
ulcerative lesions on the skin of the affected fish.
Clinical findings of the disease are lethargy, swollen
abdomen and necrosis of gills. At necropsy, gross
lesions such as haemorrhages in spleen and petechiae
on the swim bladder are observed (Pazdzior, 2016).
Kozifiska and Pekala (2004) isolated S. putrefaciens
from common carp (Cyprinus carpio) and rainbow
trout (Oncorhynchus mykiss) which showed skin
discoloration and a few fatal cases. Altun et al. (2014)
reported shewanellosis on gold fish (Carassius
carassius auratus) and the authors informed that the
fish had bilateral exophthalmia, swollen abdomen,
ascites, pale liver and enlarged spleen.

S. putrefacienens is a Gram-negative facultative
anaerobic bacterium. It was first isolated from butter in
1931 (Kozifiska and Pekala, 2004; Vignier et al.,
2013). The bacterium was first reported as a fish
pathogen in 1985 from rabbit fish (Siganus rivulatus)
that was cultured at sea (Saeed et al., 1987). Kozifiska
and Pekala (2004) first isolated S. putrefaciens from a
routine survey study of carp farms in Poland in 2002,
After this time, the authors faced the same bacterium
carp and trout farms and they isolated S. putrefaciens
as dominant with other Aeromonas species. In Turkey,
Korun et al. (2009) reported S. putrefaciens from the
cultured European sea bass (Dicentrarchus labrax)
and then Altun et al. (2014) informed the pathogen
from gold fish.

The genus Aeromonas comprises two bacterial
groups. One group is non-motile psychrophilic
Aeromonas salmonicida and the other group is
mesophilic motile Aeromonas spp. This group includes
fish pathogenic species such as A. hydrophila, A.
sobria, A. caviae, A. veronii biogroup sobria and A.
veronii biogroup veronii (Praveen et al. 2016; Stratev
and Odeyemi, 2017). The motile Aeromonas species
cause motile Aeromonas septicaemia which is termed
as ulcer disease, red-sore or tail and fin rot disease.
The clinical findings of the disease are haemorrhages,
ulcerations, exophthalmia, ascites, pale liver and
kidney (Stratev and Odeyemi, 2017). In Turkey, A.
hydrophila was firstly reported from the farmed
European eel in 1983 (Timur, 1983). From 1983 to
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date, some reports of Anguillicoloides crassus
infections of A. anguilla have been reported (Geng et
al., 2005; Koyuncu et al., 2017).

The aim of the present study is to inform
Shewanella purefaciens, Aeromonas sobria and A.
veronii isolations from the silver European eel
(Anguilla anguilla) samples from the Gulf of Antalya,
Turkey.

MATERIAL AND METHOD
Fish samples and Bacterial Isolation

Three silver European eel (A. anguilla) samples as
freshly dead (mean weight 75 g) were obtained by a
local fisherman from the Gulf of Antalya, Turkey.
Bacteriological and molecular studies were done at the
research laboratory of the Akdeniz University, Faculty
of Fisheries. For bacteriological study, inoculations
from the head kidney, spleen and liver were made and
inoculated onto Brain Hearth Infusion Agar (BHIA-S).
This medium was supplemented with 1.5 % NaCl and
the inoculated petri dishes were incubated at 24 +2 °C
for 72 hours. The bacterial colonies were subcultured
at the end of the incubation period time.

Phenotypical characterization of the isolates

For presumptive identification of the bacterial strains,
the strains were identified using motility, Gram-
staining technique, biochemical reaction, sugar
fermentation, salt and temperature tolerance tests
according to Seeley et al. (1991).

PCR (Polymerase Chain Reaction)

Bacterial DNA was extracted using DNA extraction
kit (Thermo  Scientific) according to the
manufacturer’s instructions. The bacterial genomic
DNA was adjusted by 10 mM Tris-EDTA buffer up to
volume 200 pl and stored at -20 °C. The universal
primers B27F (5-GGTTACCTTGTTACGACTT-3")
and U1492R (5'-GGTTACCTTGTTACGACTT-3")
were  synthesized (Macrogen Inc.) and used for
amplification of the 16S ribosomal DNA gene (Chu
and Lu, 2005; Liu et al., 2013; Liu et al., 2014). 5 pl of
genomic DNA solution in Tris-EDTA buffer was
added to 45 pl of a PCR mixture consisting 2 X mix
(Qiagen), 1 pl of each primer (10 nmol) and sterile
water added up to 50 pl. The amplification was carried

out in the thermocycler (Kyratec SC-200), iniated by
10 min of denaturation at 95 °C and then carried out
for 35 cycles, with 1 cycle consisting of 45 sec of
denaturation at 95 °C, 45 sec of annealing at 60 °C and
2.5 min extension at 72 °C. The reaction was lasted by
heating at 72 °C for 10 min after the last cycle. A
negative control with all the reaction components
except the template DNA was included with each test
run. Twenty microliters of the PCR reaction products
were then analyzed by gel electrophoresis in 1%
agarose at 8 V/cm (Figure 1). 1 kb of DNA ladder
(Thermo Scientific) was used as a marker. Before
sequence analysis of the PCR products, the products
were purified by gel extraction kit (Machery-Nagel)
used according to the manufacturer’s instructions and
the sequences were subjected to BioEdit V 7.2.5.
program (Hall, 1999) to assemble the fragments which
were compared to 16S ribosomal DNA sequences in
the GenBank database using the BLASTN algorithm
(Chu and Lu, 2005; Liu et al., 2014).

Figure 1. PCR products in gel electrophoresis (1% agarose)

RESULTS
The freshly dead silver eel samples had pale gills,
losses of scale, necrotic lesions on dorsal,
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hemorrhagies on the jaws, lateral and ventral sides of
the body and around the anus and hemorrhagic anal fin
(Figures 2 and 3). At necropsy, the fish had enlarged

and pale spleen. The
gastrointestinal

liver was pale and the
tract was empty.

Figure 3. Hemorrhagic anal fin (arrowed) and hemorrhagies around the anus and ventral part of silver eel

After 72 hours of incubation period, 10 bacterial
strains were isolated. 6 strains produced orange
colored colonies on BHIA-S and 4 strains produced
cream colored colonies were motile, Gram-negative,
cytochrome oxidase and catalase positive. The strains
reduced nitrate to nitrite and they showed resistance
against vibriostatic agent (0/129) (10 pg/disk and 150

pg/disk). Most Aeromonas species are motile and
facultatively anaerobic. They give positive reactions to
the cytochrome oxidase and catalase tests and produce
acid from many carbohydrates. They show resistance
against 150 ug of vibriostatic agent (Martin Carnahan
and Joseph, 2005). The four strains from cream
colored colonies depending on the bacteriological
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study were tentatively identified as motile Aeromonas
species according to Martin Carnahan and Joseph
(2005). Six strains from silver eel samples produced
orange colonies on BHIA-S. The strains were motile,
Gram-negative, cytochrome and catalase positive and
non-fermentative. The strains produced H-S.
Shewanella putrefaciens is motile, Gram-negative,
cytochrome  oxidase and  catalase  positive,

pschrothropic and non-fermentative. It typically
produces H,S on Triple Sugar Iron (TSI) agar (Pekala
et al., 2015). The six strains in this study were
tentatively identified as Shewanella putrefaciens
according to the study results of Pekala et al. (2015).
Phenotypical characteristics of Aeromonas spp. and
Shewanella putrefaciens from silver eel samples were
given in Table 1.

Table 1. Phenotypical characteristics of Aeromonas spp. and Shewanella putrefaciens

Aeromonas spp.

Characteristic

S. putrefaciens

+

Motility

Gram staining
Cytochrome oxidase
Catalase

O/F

Indol production
VP

H>S production
Gelatinase

Amylase

Citrate utilization
NO; production
ONPG

Acid from
Arabinose

Fructose

Galactose

Glucose

Mannitol

Sorbitol

Xylose

Growth in

0% NaCl

2-4% NaCl

6% NaCl

8%NaCl

Growth at

4°C -
37 +
0/129 (10 pg/disk) R
0/129 (150 pg/disk) R

o+ + |

1 < +

+

+i<l++ +H++ <+

+ |+ +

NPYIEIE <<\ <+ + + |+

0 0+ +

+: positive (100%), -: negative (100%), V: variable, R: resistance

The PCR product of each strain was extracted from
the agarose gel and sequenced. 16S rDNA sequencing
of the strains were compared with the GenBank
database using the BLASTN. The closest matches
were obtained with Aeromonas sobria (2 strains)
(GenBank accession number KC573782.1; maximal
score 2636, E value 0.0, and maximal identity 99%

(1430/1431), A. veronii (2 strains) (GenBank
accession number KC166864.1; maximal score 2632,
E value 0.0; and maximal identity 100% (1425/1425)
and Shewanella putrefaciens (6 strains) (GenBank
accession number DQ307731.1; maximal score 2627,
E value 0.0, and maximal identity 100% (1422/1422).
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DISCUSSION

Esteve et al. (1993) reported disease outbreaks
from an eel farm that was located in Spain in
1987 and 1988. They noticed that the etiology of
the disease was complex because of isolations of
A. hydrophila, A. jandaei, Pseudomonas
fluorescens and S. putrefaciens from sick eel
samples during epizootics and also routine survey
studies. In Turkey, A. hydrophila was firstly
reported from the farmed European eel in 1983
(Timur, 1983). In this study, we isolated S.
putrefaciens with A. sobria and A. veronii and
this finding was similar to the reports of Timur
(1983) and Esteve et al. (1993); however, A.
veronii from the eel samples in the study was
first isolated. The freshly dead silver eel samples
showed gross haemorrhages on the body surface,
enlarged spleen and pale liver in this study.
These findings were similar to those of S.
putrefaciens and the motile Aeromonas species
(Kozifiska and Pekala, 2004; Altun et al. 2014;
Stratev and Odeyemi, 2017).

A variety of phenotypical charateristics of the
bacterial species, genetic hybridization, reverse
transcriptase sequencing and 16S rRNA sequence
analysis of the species have been useful tools to
identify microorganisms (Bascomb and Manafi,
1998; Austin, 2011). But, some bacterial species
show some phenotypical characteristics which
are similar to those of species from the same
genus and this could be difficult to differentiate
the bacterial species from another species
(Shewan and McMeekin, 1983; Austin, 2011;
Kumar et al., 2014). 16S rDNA sequencing has
been accepted for the identification of pathogenic
and also opportunistic bacterial species (Austin,
2011). For this reason, the bacterial strains in this
study were identified by PCR technique.

As conclusion, the eel stocks in natural
conditions are decreasing and this problem may
be multifactoral which include disease,

overhunting and migration barriers. Shewanella
putrefaciens and the motile Aeromonas species
are members of intestinal bacterial flora of fish
and they are also opportunistic fish pathogens.
When the fish are under stress conditions, these
bacterial species cause disease outbreaks and
affect fish population. Aeromonas veronii was
first isolated and identified in this study.

REFERENCES

Altun, S., Biiyiikekiz, A. G., Duman, M., Ozyigit, M. O.,
Karatas, S., Turgay, E. (2014). Isolation of
Shewanella putrefaciens from goldfish (Carassius
carassius auratus). Bamidgeh 1JA, 66, 956-963.

Austin, B. (2011). Taxanomy of bacterial fish pathogens.
Vet J, 42, 20-33.

Bascomb, S., Manafi, M. (1998). Use of enzyme tests in
characterization and identification of aerobic and
facultatively anaerobic Gram-positive cocci. Clin
Microbiol Rev, 11(2), 318-340.

Caruso, C., Peletto, S., Gustinello, A., Arsieni, P.,
Mordenti, O., Modesto, P., Acutis, P. L., Mascero,
L., Fioravanti, M. L., Prearo, M. (2014). Detection of
a phylogenetically devergent eel virus European X
(EVEX) isolate in European eels (Anguilla anguilla)
farmed in experimental tanks in Italy. Aquaculture, 434,
115-120.

Chang, C., Liu, W. (2002). An evaluation of two probiotic
bacterial strain, Enterococcus faecium SF68 and
Bacillus toyoi, for reducing edwardsiellosis in cultured
European eel, Anguilla anguilla. J Fish Dis, 25, 311-
315.

Chu, W. H., Lu, C. P. (2005). Multiplex PCR assay for
the detection of pathogenic Aeromonas hydrophila. J
Fish Dis, 28, 437-441.

Dekker, W. (2003). Status of the European eel stock and
fisheries. In. Aida K, Tsukamoto K, Yamaudi K (ed’s),
Eel Biology, Springer-Verlag, Tokyo, 237-254.

Dezfuli, B. S., Giari, L., Castaldelli, G., Lanzoni, M.,
Rossi, R., Lorenzoni, M., Kennedy, C. R. (2014).
Temporal and spatial changes in the composition and
structure of helminth component communities in
European eels Anguilla anguilla in an Adriatic coastal
lagoon and some freshwaters in Italy. Parasitol Res,
113, 113-120.

Esteve, C., Biosca, E. G., Amaro, C. (1993). Virulence of
Aeromonas hydrophila and some other bacteria isolated
from European eels Anguilla anguilla reared in fersh
water. Dis Aquat Organ, 16, 15-20.

N



Korun et al. / VetBio, 2019, 4(1), 9-15

Fouz, B., Larsen, J. L., Amaro, C. (2006). Vibrio
vulnificus serovar A: an emerging pathogen in
European anguilli culture. J Fish Dis, 29, 285-291.

Geng, E., Sahan, A., Altun, T., Cengizler, 1., Nevsat, E.
(2005). Occurence of the swimbladder parasite
Anguillicola crassus (Nematoda, Dracunculoidea) in
European eels (Anguilla anguilla) in Ceyhan River,
Turkey. Turk J Vet Anim Sci, 29, 661-663.

Haenen, O. L. M., Evans, J. J., Berthe, F. (2018).
Bacterial infections from aquatic species: potential for
and prevention of contact zoonoses. OIE, 32(2), 497-
507.

Hall, T. A. (1999). BioEdit: a user friendly biological
alignment editor and analysis program for Windows
95/98/NT.

ICES (International Council for the Exploration of the
Sea) (2017). ICES advice on fishing opportunities,
catch and effort ecoregions in the Northeast Atlantic
eel, 2737, nea, ICES pub. 3440.

Johnson, P. T. J., Paull, S. H. (2011). The ecology and
emergence of diseases in freswaters. Freshwater Biol,
56, 347-352.

Kim, B. S., Gavin, H. E., Satchell, K. J. F. (2017).
Variable virulence of biotype 3 Vibrio vulnificus due to
MARTX toxin effector domain composition. mSphere,
2(4), e00272-17.

Korun, J., Akgiin-Dar, K., Yazici, M. (2009). Isolation of
Shewanella putrefaciens from cultured European sea
bass (Dicentrarchus labrax) in Turkey. Revue Méd Veét,
160(11), 532-536.

Koyuncu, C. E., Kaya, D., Ozer, S., Banis, M., Geng, E.
(2017). Infection status of Anguillicoloides crassus in
wild European eels (Anguilla anguilla) from four rivers
of the northeast Mediterranean region. Acta Biologica
Turcica, 30(4), 152-156.

Koziiiska, A., Pekala, A. (2004). First isolation of
Shewanella putrefaciens from freshwater fish-a
potential new pathogen of fish. Bull Eur Fish Pathol,
24(4), 189-193.

Kumar, V., Roy, S., Barman, D., Kumar, A. (2014).
Immunoserological and molecular techniques used in
fish disease diagnosis: a mini review. Int J Fish Aquat,
1(3), 111-117.

Liu, P. Y., Lin, C. F,, Tung, K. C,, Shyu, C. L., Wu, M.
J., Liu, J. W., Chang, C. S., Chan, K. W., Huang, J.
A., Shi, Z. Y. (2013). Clinical and microbiological
features Shewanella bacterimia in patients with
hepatobiliary disease. IM, 52, 431-438.

Liu, P. Y., Shi, Z. Y., Shyu, C. L., Wu, Z. K,, Lai, K. L.,
Chang, C. Y., Chen, Y. J,, Huang, J. A, Mao, Y. C,,
Tung, K. C. (2014). Cobra bite wound infection caused
by Shewanella algae. Int J Infect Dis, e11-e12.

Mariarty, C., Dekker, W. (1997). Management of
European eel fisheries. Fish Bull, 15, 77-90.

Martin Carnahan, A., Joseph, S. W. (2005). Genus
Aeromonas Stainer 1943. In. Brenner, D. J., Krieg, N.
R., Staley, J. T. (ed’s). Bergey’s Manual of Systemic
Bacteriology, Springer, USA, 557-580.

Pazdzior, E. (2016). Shewanella putrefaciens —a new
oppurtunistic pathogen of freshwater fish. J Vet Res, 60,
429-434,

Pekala, A., Koziiiska, A., Pazdzio, E., Glowacka, H.
(2015). Phenotypical and genotypical characterization
of Shewanella putrefaciens strains isolated from
diseased freshwater fish. J Fish Dis, 38, 283-293.

Praveen, P. K., Debnath, C., Shekhar, S., Dalai, N.,
Ganguly, S. (2016). Incidence of Aeromonas spp.
infection in fish and chicken meat and its related public
health hazards: a review. Vet World, 9(1), 6-11.

Roland, K., Kestemont, P., Loos, R., Tavazz, S.,
Paracchi, B., Belpaire, C., Diev, M., Raes, M.,
Silvestre, F. (2014). Looking for protein expression
signatures in  European eel peripheral blood
mononuclear cells after in vivo exposure to
perflueoroctane sulfonate and a real world field study.
Sci Total Environ, 958-967.

Saeed, M. O., Alamoudi, M. M., Al-Harbi, A. H. (1987).
Pesudomonad associated with disease in cultured rabbit
fish Siganus rivulatus in the Red Sea. Dis Aquat Org, 3,
177-180.

Seeley, W., Vandemark, P. J., Lee, J. J. (1991). Microbes
in Action: A Labaratory Manual of Microbiology. New
York: E. H. Freeman and Company.

Shewan, J. M., McMeekin, T. A. (1983). Taxonomy and
ecology of the Flavobacterium and related genera.
Annu Rev Microbiol, 37, 233-252.

Simon, J. (2015). Age and growth of European eels
(Anguilla anguilla) in the Elbe River System in
Germany. Fish Res, 37, 233-252.

Stratev, D., Odeyemi, O. A. (2017). An overview of
motile ~ Aeromonas  septicaemia  management.
Aquaculture Int, 25, 1095-1105.

Timur, M. (1983). An outbreak of disease of farmed eel
(Anguilla anguilla) due to Aeromonas hydrophila in
Turkey. Histopathological and bacteriological studies.
FVMAU, 30(3), 361-367.

Vignier, N., Barreaou, M., Olive, C., Baubion, E.
Théodose, R., Hochedez, P., Cabié, A. (2013). Human
infection with Shewanella putrefaciens and S. algae:
report of 16 cases in Martinuque and review of the
literature. Am J Trop Med Hyg, 89(1), 151-156.




