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Abstract

Gyrodactylus anguillae and Vibrio vulnificus are pathogens of critical significance in anguilliculture.
Both agents were involved in mortalities affecting earthen pond cultured European eel, Anguilla
anguilla, in Egypt during the period extended from June to September 2014. Moribund eels showed
excessive slimy mucus and haemorrhages on the external body surface. All investigated eels were
parasitized with the monogenean, Gyrodactylus anguillae. Majority of specimens 93.3 % were
concomitantly found to be infected with V. vulnificus. No other parasitic or bacterial infections
were noticed in the investigated fish samples. V. vulnificus was detected in Gyrodactylus anguillae
homogenates collected from diseased fish. Bacterial isolates were confirmed by polymerase chain
reaction (PCR). G. anguillae were demonstrated in skin and gills histopathological sections. Varieties
of circulatory, proliferative as well as degenerative changes were noticed in haemopoietic fissues. It
was concluded that G. anguillae presumably enhanced eels vulnerability to V. vulnificus infections
through providing portals of entry as well as acting as mechanical vectors.
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Infecgoes por Gyrodactylus anguillae e Vibrio vulnificus afetam enguias criadas
em cativeiro, Anguilla anguilla

Resumo

Gyrodactylus anguillae e Vibrio vulnificus sGo patdgenos de importdncia critica em anguilliculture.
Ambos os agentes estiveram envolvidos na mortalidade que afetam lagoa de barro enguia
europeia, Anguilla anguilla, no Egito durante o periodo estendido de junho a setembro de 2014.
enguias moribundos apresentaram-se com muco viscoso excessivas e hemorragias na superficie
externa do corpo. Todas as enguias investigados estavam parasitados com o monogenético,
Gyrodactylus anguillae. A maioria dos espécimes 93,3% foram concomitantemente considerados
infectados com V. vulnificus. Nao hd outras infeccdes parasitdrias ou bacterianas observadas nas
amostras de peixes investigados. V. vulnificus foi detectado em Gyrodactylus homogeneizados
anguillae coletados de peixes doentes. Os isolados bacterianos foram confirmadas por reaccdo
em cadeia da polimerase (PCR). G. anguillae foram demonstrados em secdes histopatoldgicas
na pele e branquias. Alteracdes circulatérias, alteracdes proliferativas, bem como degenerativas
foram observadas em tecidos hematopoiéticas. Concluiu-se que G. anguillae presumivelmente
reforca vulnerabilidade das enguias a infeccdes V. vulnificus através do fornecimento de vias de
entrada, bem como atuando como vetores mecdanicos.
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Introduction

Eel has long been considered a pivotal
species for aquaculture industry worldwide. Eels
are distributed globally in marine, brackish and
freshwaters. Eel farming still relies entirely on wild
seed supply since reproduction in captivity has
not achieved at a commercial scale (FAO, 2014).

Recently, European eel has been listed
as critically endangered on the IUCN red list of
threatened species (Jacoby & Gollock, 2014). The
overfishing of glass eel, along with environmental
pollution and other
all contributed to a significant decline in eel
numbers over the last two decades (Nielsen &
Prouzet, 2008). Ultimately, reproduction of eel

human activities, have

in culture has become a crifical research area
particularly with an increased interest to produce
glass eels for a self-sustainable farming industry
(Davidsen, 2012).

Eel diseases caused by parasitic and
bacterial
challenging pressures thought to impact eel
farming industry all over the world (Jacoby &
Gollock, 2014). A vast array of microorganisms
has been focused on as potential contributing
factors (Esteve & Alcaide, 2009; Haoenen et al.,
2010; Dangel et al., 2015). On the top of the
critical pathogens list, Vibrio vulnificus is viewed
as the most dangerous bacterial septicemia in
eel farming. The disease occurs as epizootics
of high mortalities causing massive economic
losses particularly in immunocompromised stocks
(Amaro et al., 1995; Dalsgaard et al., 1999;
Marco-Noales et al., 2001).

It is widely accepted
between fish ectoparasites
infections coexist (Bandilla et al., 2006). Diverse
opportunistic infections have been found to
boost concomitantly or a consequence fo
numerous parasitic infestations (Busch et al.,
2003; Pylkko et al., 2006). The pathways that can
lead to such increased vulnerability might be
relevant to; creation of entrance routes stemming
from epidermal injuries induced by a parasite
(Buchmann & Bresciani, 1997) or via decreased
hostimmunocompetence (Bowers et al., 2000), in
addition to acting as vectors for infectious agents
(Cusack & Cone, 1986).

The present study aimed to investigate

agents are along the prominent

that link
and bacterial

a

the parasitic as well as concomitant bacterial
infections involved in eel mortalities cultured in
earthen ponds within a farm located in Shatta
Damietta Egypt, during the 2014.
Further the study describes the histopathological
responses in diseased fish.

summer

Material and Methods
Areaq of study and fish sampling

During the period extended from June to
September 2014, massive mortalities approached
65% attacked European eel, Anguilla anguilla
cultured within earthen ponds in a fish farm
located in Shataa region at Damietta Egypt.
These eels were caught from the Mediterranean
Sea at E-Max region. The farm water salinity
was 8% .
culture. Fish were fed on high protein diet 50 %,
composed of commercial dry food mixed with
freshly minced fish (2: 1).

Thirty  A.
collected randomly to determine the causative
agents of disease. The average body weights of
fish were 50£15 g. Samples were transferred with
a minimum time of delay within ice in isothermal
boxes to Hydrobiology Department lab, National
Research centre, Egypt fo be investigated.

Mortalities started after two month of

anguilla  specimens were

Necropsy and parasitological examination

Fish were visually inspected for presence
of abnormallities and external parasites. Smears
from skin mucus and a piece of gills fissue
were microscopically examined for parasites.
Furthermore, the body cavity of each eel was
cut opened, and the internal organs including
gasbladder were thoroughly investigated for
macroscopically visible parasites. Fresh smears
prepared fromintestinal contents and blood were
directly examined microscopically according to
Haenen et al. (2010).

Bacteriological examination

Samples were aseptically obtained from
liver, kidneys and spleen. Smears were cultured
onto Tryptic soya agar TSA (Oxoid) and Thiosulfate
citrate bile salt sucrose agar medium, TCBS,
(Oxoid). The inoculated plates were incubated
at 25 °C for 24 to 48 h. Bacterial colonies were
collected from plates and re-streaked onto TSA
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for purification and identification.

Isolation of bacteria from collected
parasites was carried out according fo
Madinabeitia et al. (2009). Three Gyrodactylus
anguillae were randomly taken from each fish
and processed as one group. Gills were removed
with forceps and washed with saline (0.85% NaCl)
then homogenized together using a sterile plastic
rod. The homogenates were serially 10-fold
diluted with saline and inoculated onto Tryptic
soya agar TSA (Oxoid) as well as TCBS medium
(Oxoid). The plates were incubated at 25 °C for
24 to 48 hr.

Identification of isolates

Identification of all bacterial isolates from
fish and ectoparasites was performed by studying
the phenotypic and biochemical characteristics
using both conventional and commercial API 20
E systems following the criteria described in Buller
(2004).

Molecular identification

DNA from bacterial
extractedusingBacterial Genomic DNA extraction
Kit (Fermentas, Vilnius, Lithuania) following the
manufacturer’s instructions. Concentration and
purity of DNA samples were measured using
a spectrophotometer (Konica Minolta, Tokyo,
Japan). PCR was performed in 25 ul volumes
consisting of 5 uM master mix, 100ng of genomic
DNA template and 1 pMol of 16S rDNA specific
primers, forward: 5'TCTAGCGGAGACGCTGGASJZ'
and the rivers: 3'GCTCACTITCGCAAGITGGCCS’
according to kim & Jeong (2001).

The
denaturation for 5 minutes at 94 °C followed by
30 cycle of 30-seconds denaturation at 94 °C, 30
second annealing at 54 °C, 72 °C for 30 second

colonies was

reaction started  with initial

and a final extension at 72 °C for 10 minutes. The
amplification products were analyzed by running
through 1.0 % agrose gel electrophoresis, stained
with ethidium bromide and visualized under UV
frans-illumination system. A DNA ladder with 100-
bp increment (Fermentas, Vilnius, Lithuania) was
used as a molecular weight marker according to
Moustafa et al. (2014).

Histopathological examination

Tissue specimens from gills, liver, spleen
and kidneys were collected from infected fish for
histopathological studies. Samples were fixed in
Davidson'’s fixative for 48 h then transferred into
ethanol, embedded in paraffin and sectioned.
Tissue sections were processed and stained
with Hematoxylin & Eosin (H & E) then examined
by light microscopy according to Bancroft &
Gamble (1996).

Results
Clinical picture

Investigated eels showed excessive slimy
mucus and haemorrhages on the external body
surface. Reddens of the mouth and head region
were also common. Gills were swollen, pale
fo grayish with presence of excessive amount
of mucus. Injures and erosions are evident.
Additionally, few cases noticed ulcers on the
external body surface. The anal opening was
inflamed, redden and occasionally protruding.
Internally, congestion and enlargement of liver
as well as gas bladder were prominent (Figure 1).

Parasitological examination

Al investigated eel samples
parasitized with the monogenean, Gyrodactylus
anguillae Ergens, 1960 on the skin and gills. The
intensity was (7 - 21) parasite / per fish. No other
concomitant parasitic infestations were detected

were

in moribund eels.

Bacteriological examination

Maijority of moribund eel specimens 93.3
% were found fo be infected with V. vulnificus.
No other bacterial infections were detected in
investigated specimens. V. vulnificus was also
retrieved from all G. anguillae homogenates. The
full phenotypic and biochemical characteristics
of V. vulnificus isolates are illustrated in tablel.

Molecular identification

V. vulnificus isolates obtained from both
G. anguillae homogenates and moribund eels
were confirmed by polymerase chain reaction
(PCR). The specific V. vulnificus primers yielded
definite 273 bp amplicons identical for the size
of the target gene sequence in all strains tested
(Figure 2).
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Figure 1. A. Anguilla anguilla showing extensive secretion of slimy mucus on the external body surface, B. Anguilla anguilla
showing haemorrhages on the external body surface , C. Anguilla anguilla showing ulcer on the external body surface, and D.

Anguilla anguilla showing congestion and enlargement of liver.

Table 1. Phenotypic and biochemical characteristics of

retrieved V. vulnificus isolates

Item

V. vulnificus isolates

Gram- staining

Motility

0O/129 sensitivity (150 mg)

B —-Galactosidase production

OPNG
Skrgmmé dihydrolase

roduc ion AD J
ysine deca box lase

rronﬁ %heogécorg)oxylose

production(ODC)
Citrate utilization (CIT)

H2S production(H2S)

Urease production(URE)
Tryptophane deaminase
production (TDA)

Indole production(IND)

Acetoin production(VP)
Gelatinase production(CEL)
Acid from glucose(GLU)
Acid from manitol(MAN)
Acid from inositol (INO)

Acid from Sorbitol(SOR)
Acid from rhamnose (RHA)
Acid from sucrose(SAC)
Acid from melibiose(MEL)
Acid from amygdalin (AMY)
Acid from arabinose (ARA)
Cytochrome oxidase (OX)

Gram-negafive
slightly curved rods
Motile

+

_ 1000 bp

Variable

Vari
ariable 500 bp

273bp

Variable
Variable
Variable
Variable Figure 2. Agarose gel electrophoresis showing results of V.
- vulnificus PCR products. M, 100 bp molecular weight marker,
Lane A & B, V. vulnificus. Numbers above indicates the size of

corresponding bands (bp).
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Histopathological examination

Varieties of histopathological alteratfions
were detected prepared
investigated eel Sections of G.
anguillae were seen in between dgill lamellae

in sections from

specimens.

(Figure 3. A, B). Hyperplasia of the epithelial lining
the secondary gill lamellae with lamellar fusion
were evident (Figure 3. C). Additionally, severe
congestion of lamellar blood vessels in concert
with telangiectasis and edema were common
the secondary dill Moreover,
accumulations of inflammatory cells as well as
necrotic changes at attachment sites of parasites
were frequently detected (Figure 3. C, D).
Rigorous histopathological alteratfions

in lamellae.

were also detected in skin sections. Widespread
dermatitis, dermal edema with hyper activation
as well as hypertrophy of mucous secreting
cells were evident (Figure 3. E). Furthermore,
extensive leukocytic infilirations in conjunction
with melanophores proliferation were commonly
noticed (Figure 3. F). Hemorrhages and dilatation
of blood capillaries also were seen in sub-
epidermal layers. Sections of parasitic larvae
appeared
destruction in muscular layers (Figure 3. G, H).
Liver circulatory
and degenerative changes. Hemorrhages,
congestion as well as hyperplasia in the wall of
hepatic blood vessels were noticed regularly
(Figure 4. A). Extensive vacuolar degeneration
and necrosis of hepatocytes were commonly
detected. Some cases reveled, dilatafion of

in between muscle bundles with

showed variety of

intercellular spaces with infiltration of chronic
inflammatory hepatic
parenchyma (Figure 4. B).

The histopathological alterations were
destructive in kidneys. Widespread hemorrhages
and hyperplasia in the wall of renal blood vessels
degenerative
and necrofic changes were common in the
hematopoietic fissue as well as tubular epithelial
cells. Majority of cells noticed clear signs of
kariopicnosis and kariolysis (Figure 4. D).

cells in between

were characteristic.  Severe

Discussion

The evolution of intensive aquaculture
activities created perfect circumstances for
the spread of numerous fish pathogenic agents

causing substantial economic losses (Elgendy,
2013; Moustafa et al., 2014; Elgendy et al., 2015q).
Infectious diseases have long been considered
as crifical constraints in aquaculture industry all
over the world (EI-Gendy, 2007; Austin & Austin,
2012).

V. vulnificus and Gyrodactylus species
are serious pathogens in eel farming (Borgsteede
et al., 1999; Esteve & Alcaide, 2009). V. vulnificus
has caused numerous epizootic outbreaks and
massive mortalities in anguilliculture worldwide
et al.,1991; Dalsgaard et al., 1999;
Marco-Noales et al., 2001). Regionally, it was also

(Biosca

retrieved from mortalities affecting many other
fish and shellfish in Egypt (Elgendy et al., 2015b;
Moustafa et al., 2015).

Gyrodactylus species are also renowned
pathogens affecting diverse eel species
worldwide (Hayward et al., 2001). Along these
gyrodactylids, G. anguillae Ergens 1960, has been
reported as a devastating pest in eel farming
with expanding global range (Ogawa & Egusa
1980; Mellergaard & Dalsgaard 1987; Hayward
et al., 2001).

In this study, the concomitant infections
of G. anguillae Ergens, 1960 and V. vulnificus
were found to be the potential causes of eels
mortalities in the investigated farm. All examined
eel specimens were infested with G. anguillae.
Moreover, majority of samples 93.3 % were
concurrently infected with V. vulnificus suggesting
a potential ectoparasitic
infestations in enhancing vibriosis in cultured eels.

role for theses
retfrieved V. vulnificus
as G. anguillae
were Gram-negative slightly
curved rods in agreement with (Buller, 2004).

All isolates were sensitive to O/129 vibriostatic

Phenotypically,
isolates from eels
homogenates

as well

agent. Isolates were confirmed by polymerase
chain reaction (PCR). Definite 273 bp amplicons
were produced in all bacterial strains tested in
conformity with (Moustafa et al., 2015).
Successful transmission of pathogen is a
crifical step in the pathway of infectious disease
outbreaks attacking cultured fish (Elgendy ef al.,
2015a). Field results supported the hypothesis
that water is the main vehicle for fransmission of
vibrio epizootics affecting farmed eel (Amaro
et al., 1995). The primary portals of V. vulnificus
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Figure 3. A, B. Gills of Anguilla anguilla showing parasitic sections in between the secondary lamellae (H&E, X 400), C. Gills of Anguilla
anguilla showing hyperplasia and proliferation of epithelial cells lining the secondary lamellae with fusion of secondary lamellae
(H&E,X 200), D. Gills of Anguilla anguilla showing sections of Gyrodactylus anguillae and necrotic changes at parasite attachment
sites (H&E,X400), E. Skin of Anguilla anguilla showing dermatitis, dermal edema, hyper activation and hypertrophy of mucous
secreting cells (H&E,X200), F. Skin of Anguilla anguilla showing leukocytic infiltrations and melanophores proliferation (H&E,X400),
G and H. Skin of Anguilla anguilla showing parasitic larvae with extensively destroyed muscle bundles (H&E, X2008X400).
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Figure 4. A. liver of Anguilla anguilla showing severe congestion, hemorrhages and hyperplasia in the wall of hepatic blood vessels,
(H&E, X200), B. liver of Anguilla anguilla showing severe vacuolar degeneration and congestion (H&E, X 200& X400), C. Kidney of
Anguilla anguilla showing extensive hemorrhages and hyperplasia in the wall of renal blood vessels, (H&E, X 200) and D. Kidney
of Anguilla anguilla showing extensive hemorrhages, degenerative and necrotic changes in the tubular epithelial cells as well as
hematopoietic fissue with some cells showed clear signs of kariopicnosis and kariolysis, (H&E, X200).

entry are via gills, fins and the anus. This pathogen et al. (2006) demonstrated that co-infections of
when released info water not only adhere to  Argulus coregoni with F. columnare enhanced
eel surfaces but also multiply forming a biofim  rainbow  trout  suscepfibility to  bacterial
enabling cells to survive for long periods on fish  pathogen compared with single infections
body as competent reservoirs (Marco-Noales et since mortalities were significantly higher and
al., 2001). the onset of disease occurred earlier in fish with
Fish ectoparasitesincluding Gyrodactylus  concomitant infections. Skin damage created
species, are known to enhance numerous fish by Argulus coregoni feeding activities supported
opportunistic infections. They strongly attach  bacterial attachment. Additionally, Pylkkd et al.
themselves to fish gills, fins and skin. Their  (2006) reported that fish infected with digenetic
movement from one location to another on fish  frematode, Diplostomum spathaceum, was more
cause integumental brecaks as wellas mechanical  vulnerable to Aeromonas salmonicida infections
injuries to the epithelium (Cone & Odense, than others without parasitic infestations.
1984). These injuries are effective entrance One major critical role relevant to fish
roofs consequently; enhance the fransmission  ectoparasites in the pathway of fish infections
competence of pathogens making fish with is that, majority of these parasites could be
Gyrodactylus more susceptible to secondary powerful mechanical vectors, potentially transfer
bacterial infections (Shoemaker et al., 2008). pathogens from infected to healthy fish (Nylund
Many studies have reported augmented et al. 1993, 1994; Xu et al., 2007). They feed on
bacterial infections concomitantly with fish  host mucus, fissue and blood consequently
parasitic infestations. Evans et al. (2007) declared  transmit pathogens from diseased to healthy
that parasitism of channel catfish fry, Ictalurus  fish (Gustafson et al., 2005). The theory has been
punctatus, with Tricodina species increased  highlighted in the current study by isolation of
caftfish vulnerability fo streptococcal disease. V. vulnificus from G. anguillae homogenates
Mechanical injuries induced by these parasites collected from moribund eels suggesting
boosted infection potentials. Moreover, Bandilla  potfential pathway for vibrios infections. Infected
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materials are thought to be ingested while
Gyrodactylus feeds on fish blood and fissues
(Buchmann & Lindenstream 2002). Cusack & Cone
(1985) elucidated using electron microscopy the
presence of bacteria in close association with
monogenetic frematodes and suggested a
vectoring role for these parasites.

The invading parasites
indirectly  potentiate
through devastating the host immune defense
mechanisms (Bowers et al., 2000). Even fish with
low external parasite burdens can have elevated
causing immunosuppression
consequentially render host fish more susceptible
to secondary infections. The severe debilitating
conditions as well as damaged skin commonly
notficed in affected stocks likely disrupt the
osmoregulatory capacity worsening the case
(Buchmann, 2012).

Many pathogenic and commensal
microorganisms also use mucus glycoproteins
as receptors for attachment (Easy & Ross, 2009;
Estensoro et al., 2013). Studies have demonstrated
that V. vulnificus possess a specific binding fo fish

can also

bacterial  infections

cortisol  levels,

mucus and the degree of adhesion boosts with
excess mucus, particularly in encapsulated vibrio
strains. Furthermore, V. vulnificus isolates have
great ability to resist the antimicrobial activity
of eel mucus in in-vitro experiments (Amaro et
al.,
induced by G. anguillae potentially accelerated
establishment of vibrios in the studied farm.

1995). Therefore surplus mucus secretions

Additionally, ectoparasites can change
some biochemical characteristics of fish mucus
(Estensoro et al., 2013). The incompetence of
mucus antagonistic effects against pathogenic
microorganisms as well as ability of vibrios to
ufilize mucus as a carbon source, favor their
settlement on fish surfaces (Bordas et al., 1996).
Subsequently, attached bacteria develop a
biofilm which enhances genes transfer between
bacterial strains and convert avirulent strains info
extremely potent pathogens (Montgomery &
Kirchman, 1994; Benhamed et al., 2014).

The nofticed histopathological alterations
were indicative forinteractions between invading
G. anguillae, V. vulnificus and eels. Parasitic
invasion of fish epidermis elicits inflammatory
reactions involving several cell types (Buchmann

& Lindenstrem, 2002). The widespread dermatitis,

extensive leukocytic infiltrations as well as
melanophores proliferafion  were frequently
detected. Infiltrated leucocytes  secrete

cytokines and other immunoactive compounds
in attempt to control infection (Estensoro et al.,
2013). The hyper activity of goblet cells in skin and
gills indicates a primary host control mechanism
against pathogen burden in the outer mucus
layer through shedding and renewal of the mucus
secretions (Estensoro et al., 2013). The proliferation
of the lining epithelium may be relevant to the
severe irritation caused by attachment and
feeding activities of monogenetic trematodes on
fish tissues in conformity with similar cases (Dezfuli
et al., 2007).

Varieties of circulatory, degenerative
changes were also deftected in hemopoietic
tissues. Destruction of critical components of both
circulatory and immune systems by V. vulnificus
extracellular products may be incriminated in
the detected pathological alterations (Elgendy,
2013). It has been documented that V. vulnificus
produce diversity of destructive extracellular
products including elastase, protease, hemolysin,
collagenase, DNase, phospholipase,
mucinase, chondroitin sulfatase, hyaluronidase
and fibrinolysin (Wright & Morris, 1991; Al-Assafi et
al., 2014). The produced exotoxins were found
to be lethal for eels and the crude extracts of
these extracellular products can induce classical
vibriosis in fish when injected infraperitoneally
1996).
virulence factor of V. vulnificus is the capsular
polysaccharides that protect bacteria from
bactericidals and phagocytosis. Additionally,
various iron uptake systems, including siderophore
production and the ability fo use hemin and
hemoglobin as iron sources potentiate infections
(Amaro et al., 1994; Shin et al., 2005).

lipase,

(Biosca & Amaro, One more major

Conclusions

The results extracted from the current
study support the link between fish vibriosis
and Gyrodactylosis. The results clarified that G.
anguillae presumably enhanced eels vulnerability
to V. vulnificus infections through providing portals
of entry as well as acting as mechanical vectors.
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