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Abstract
This paper describes the first occurrence of viral erythrocytic infection associated with pathogenic
bacteria and some ectoparasites in cultured Mediterranean sea bass (Dicentrarchus labrax) in
Turkey. Generally, fish infected by the organisms were anaemic, and experienced moderate or
high levels of mortality during disease outbreaks. While Photobacterium damselae subsp damselae,
Aeromonas salmonicida subsp. salmonicida, Aeromonas sobria, Listonella (Vibrio) anguillarum, and
Staphylococcus epidermidis were isolated from diseased fish, haematological and electron
microscopical examination also indicated the presence of viral erythrocytic infection in diseased
sea bass. Erythrocytes of affected sea bass had single, double or multiple intracytoplasmic
inclusions ranging in size from 0.3 to 1.6 μm. Some of these erythrocytes had single or multiple,
small or large vacuoles which were usually associated with inclusion bodies. Confirmation of
viral erythrocytic infection is based on the observation of polyhedral virions 85-157 nm in diameter
in the cytoplasm of the affected erythrocytes using electron microscopy. Clinically infected sea
bass had low haematocrit values (Ht) ranging from 2% to 29% and low RBC counts ranging from
14,200 to 3,760,000 per ml.
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Introduction
Viral erythrocytic infection (VEI) of sea bass
(Dicentrarchus labrax) in Spain was reported
by Pinto et al. (1989) and Pinto et al. (1991;
1993). Inclusion bodies were observed in
erythrocytes and erythroblasts and virus-like
particles (VEIV) about 135-150nm in diameter
were detected in the erythroblasts of affected
fish (Pinto et al., 1991). Sea bass infected with
VEI were found to be more susceptible to
bacterial challenge infection with Vibrio

anguillarum than were control fish (Pinto et
al., 1992). Alvarez-Pellitero & Pinto (1987) also
reported that most diseased sea bass showed
mixed bacterial infections (Vibrio spp.) and
ectoparasites (ciliates, monogenea) concurrent
with VEN.

Along the coast of the Black Sea in Turkey,
emphasis is on marine fish culture in floating
cages cultivating species such as sea bass and
rainbow trout. From March 2004 to June 2005,
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varied levels of mortalities occurred in sea
bass reared in this region on three farms
located close together. This paper describes
the results of disease investigations.

Material and methods
Fish
Twenty-six fish (50-900g) which were
moribund or showing any clinical signs were
sampled for bacteriology, haematology,
histopathology and electron microscopy
examination during April 2004 to May 2005
on three closely located farms along the coast
of the Black Sea in Turkey. Water temperature
at this period varied between 10°C and 25°C.

Haematology
Live fish were anesthetized by immersion in sea
water containing 2-phenoxyethanol (Sigma,) at
a final concentration of 0.1-0.5mg/l. Blood
samples obtained by severing the caudal
peduncle were collected into tubes containing
anticoagulant (EDTA 4 mg m-1) (Bullock,1978).
Blood smears were air dried, fixed in
methanol and stained with May Grünwald-
Giemsa (Bullock, 1978). The haematocrit value
(Ht) was determined by the microhaematocrit
technique (10,000 rpm for 10 min.) using
heparinized capillary tubes (Blaxhall, 1972,
Bullock, 1978, Alvarez-Pellitero and Pinto,
1987). Blood cell counts were performed using
a Thoma haemocytometer. The diluting fluid
was Natt-Herrick solution (Noga, 2000).

Bacteriology
Samples of liver, kidney and spleen were
streaked onto Tryptic Soy Agar (Merck,
Darmstadt, Germany) supplemented with
1.5% NaCl and the plates incubated at 22°C
for 72 h. The morphological and physiological

characteristics of a representative number of
bacterial colonies from each plate were
determined (Austin and Austin, 1987; Austin
and Austin, 1999), together with their
biochemical characteristics using API 20E and
API 50CH (Biomerieux), and bacteria
identified following Bergey’s Manual (Holt et
al., 1994).

Histopathology
Tissue samples from gut, kidney, spleen, liver,
skin, heart and gills were fixed in 10%
buffered formalin, and processed for paraffin
embedding. Histological sections (5μm) were
stained with haematoxylin and eosin and
examined by light microscopy (Bullock, 1978).

Electron microscopy
Blood samples were prefixed in 3%
glutaraldehyde buffered with 0.1 M sodium
cacodylate, postfixed in 2 % OsO4, dehydrated
in a series of ethanol treatments, passed
through propylene oxide, and embedded in
Epon (Luft, 1961). Ultrathin sections were cut,
double-stained with uranyl acetate (Watson,
1958) and Reynold’s lead citrate (Reynold,
1963), and examined by electron microscopy.

Results
Affected young sea bass (40-60 g) generally
showed darkening of the skin, pale gills,
cachexia, exophthalmia and haemorrhages in
or loss of eyes. High levels of mortalities in
the fish stocks were reported. The fish had
lesions on their skin which ranged from scale
loss in large areas to superficial haemorrhagic
skin lesions on the body. Affected large sea
bass (350-900 g) generally showed darkening
of the skin, with large red irregular
haemorrhages on the body surface, at the base
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Figure 1. Smear of peripheral blood from viral erythrocytic-affected sea bass with cytoplasmic inclusion
bodies ; (a) Multiple cytoplasmic inclusions in the erythrocytes (May- Grünwald-Giemsa X 2500); (b)
Cytoplasmic inclusions associated with vacuoles and nuclear degeneration (arrowed)(May-Grünwald-Giemsa
X 1000); (c) Small multiple vacuoles associated with inclusion bodies and nuclear degeneration (arrowed)
(May-Grünwald-Giemsa X 2500); (d) Large cytoplasmic vacuoles and inclusions in the erythrocytes (May-
Grünwald-Giemsa X 2500); (e) Single, large intracytoplasmic and extracellular inclusions (arrowed) (May-
Grünwald-Giemsa X 1000); (f) Single and double small intracytoplasmic inclusions (arrowed) (May-
Grünwald-Giemsa X 1000).
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of the fins and the operculum and moderate
level of mortalities.

Internally, the most obvious lesions were pale
yellow liver and liquefied kidneys. In addition
to these findings some fish had sub-peritoneal
petechiae, as well as petechial haemorrhages
in the liver and intestine.

Mixed infections were observed in many of
the sampled fish with one or two pathogenic
Gram negative bacteria being cultured from
kidney, spleen and liver swabs following
incubation at 22°C for 72h. These bacteria
were identified as Photobacterium damselae
subsp damselae, Aeromonas salmonicida subsp.
salmonicida, Aeromonas sobria, Listonella (Vibrio)
anguillarum and Staphylococcus epidermidis.

Viral inclusions in the erythrocytes were
observed in fish from all 3 farms. The
cytoplasmic inclusions were usually blue in
colour in May-Grünwald-Giemsa stained
blood smears. They were variable in size,
ranging from 0.3 to 1.6μm in diameter. These
inclusions usually occurred as multiple
(rarely single or double) in 10-80 % of
erythrocytes (Figure 1a, b) in the blood
samples obtained from affected young sea
bass in the first year of sampling. Most of the
infected erythrocytes showed either small or
large multiple cytoplasmic vacuoles
associated with the inclusion bodies (Figure
1c, d). Blood smears also contained lysed
erythrocytes. Degenerating nuclei and
inclusion bodies were also found
extracellularly in smears. However, in
contrast, inclusion bodies occurred as single
or double (rarely multiple) in only about 1%
of circulating erythrocytes (Figure 1 e, f) in
the blood samples from affected large sea bass

in the second year of the outbreak. They were
also variable in size, ranging from 0.3 to 1.6
ìm in diameter. However the infected
erythrocytes showed small vacuoles usually
associated with inclusions and did not show
large multiple cytoplasmic vacuolation. In
addition to these findings, ciliates (Trichodina
spp.) (Figure 2) were observed in the blood
smears, but these had probably accidentally
entered to the blood from the skin when the
caudal peduncle was cut to collect blood
samples.

Low haematocrit (Ht) values and red blood
cell counts (RBC) were found in the infected
sea bass. While the haematocrit value ranged
from 2% to 15 % and RBC counts ranged from
14.200 to 26.666 / ml blood in samples from
diseased young fish, the haematocrit value of
the large fish ranged from 7% to 29 %, and
RBC counts ranged from 14.200 to 3.700.000
per ml in the blood samples.

 Generally, the spleen of diseased sea bass
showed depletion of haemopoietic elements
primarily in the red pulp (Figure 3a), and the
kidney showed peritubular oedema, and
tubular and glomerular necrosis (Figure 3b).
The liver sections showed prominent vacuole

Figure 2. The Trichodina spp. (accidentally entered
from skin to blood (X 1000).
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degeneration in parenchyma cells and
intracytoplasmic eosinophilic bodies (Figure
3c). Monogenean trematodes (Diplectanum
aequans) and ciliates (Trichodina spp.) were
observed in the gill tissue sections of the

affected sea bass samples obtained in May
2005 only. The parasites were associated with
epithelial cell hyperplasia and necrosis on the
gill lamellae. Monogenean trematodes (D.
aequans) were also observed on the formalin
fixed gill lamellae both in the juvenile and
adult sea bass samples by light microscopy.

Blood samples that were positive for the
presence of inclusions were examined under
TEM. Virus-like particles were most
frequently observed in membrane bound
vesicles within the vacuoles in the erythrocyte
cytoplasm (Figure 4a, b). The virions
appeared to be five or six sided and were 85—
157 nm in diameter (Figure 4c, d). Individual
virions were also observed scattered
throughout the cytoplasm or associated with
the erythrocyte membrane (Figure 4e) or
extracellularly either free single or multiple
virions within the vesicle membrane (Figure
4f). Empty vesicles or vacuoles were
commonly observed in the erythrocytes.

Discussion
The presumptive diagnosis of the viral
erythrocytic infection was based on the
observation of cytoplasmic inclusion bodies
in erythrocytes using light microscopy. Most
of the peripheral blood erythrocytes contained
single to multiple inclusion bodies as
described by Pinto et al., 1989 and Pinto et
al., 1991 in sea bass, and by Lamas et al., 1995
in turbot.

The cytoplasmic inclusions were usually blue
in colour in May-Grünwald-Giemsa stained
blood smears and were variable in size (0.3-
1.6 μm) as described by the same workers in
the fish with VEN. These inclusions usually

Figure 3. Histological examination of diseased sea
bass;(a)Reduced haemopoietic tissue in affected sea
bass (H&E X500); (b) Peritubular and glomerular
oedema, tubular and glomerular necrosis(H&E
X500); (c) Vacuolar degeneration in the
parenchymal cells of liver and pink coloured
intracytoplasmic eosinophilic bodies (H&E X500).
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Figure 4. Electron microscopy of the inclusion bodies in the affected erythrocytes (a)Intracytoplasmic viral
inclusion body (0.8 μm) containing polyhedral virions (arrowed) (X 75,000) (b) Inclusion body contains
polyhedral virions (arrowed, 147-157 nm in diameter) (X25,000) (c) Intracytoplasmic inclusion body contains
polyhedral virions (arrowed, 151-155 nm) (X 100,000) (d) Some polyhedral virions (105-126 nm)with in the
inclusion body (arrowed) (X 50,000) (e) Virus particles (104 nm) associated with the erythrocyte membrane
(arrowed) (X 100,000) (f) Extracellular polyhedral multiple virions (110-122 nm) within a membrane vesicle
(arrowed) (X 75.000).
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occurred as multiple and rarely as single
structures within small or large vacuoles, in
the young sea bass blood samples. But single
or double inclusion bodies were observed in
the large sea bass blood samples in the second
year outbreak. These had similarities to those
reported in VEI infected sea bass (Pinto et al.,
1989). Nuclear degeneration was prominent
in the affected erythrocytes as described by
Pinto et al. (1989) in sea bass. In addition to
these findings, we also observed large
multiple vacuoles around the nucleus that
occupied the whole cytoplasm of the affected
erythrocytes, associated with single or
multiple inclusion bodies. TEM observation
of peripheral red blood cells confirmed the
presence of polyhedric virus particles in
affected sea bass with a particle size varying
from 85 to 157 nm similar to that reported
during viral erythrocytic infection in
Mediterranean sea bass farmed in Spain
(Pinto et al., 1989; Pinto et al., 1991).

In this study the diseased young sea bass
tended to show lower Ht (2% to 15%) and RBC
counts (14.200 to 26.666) than the large
diseased sea bass with a Ht ranging from 7%
to 29% and RBC counts ranging from 14.200
to 3700.000 / ml. Alvarez-Pellitero and Pinto
(1987) reported a decreased Ht and RBC
counts in fish naturally infected with mixed
infections of pathogenic bacteria,
ectoparasites and VEN. They reported that the
control group of sea bass had 42% Ht value
and 3.160.000 ± 0.85 RBC counts.

Histopathological changes observed in this
study resembled those observed in coho
salmon with erythrocytic inclusion body
syndrome (EIBS) (Takahashi et al., 1992). The
most striking similarity being reduction of

haemopoietic tissue in spleen, glomerular and
tubular necrosis in the kidney, and
vacuolation in the hepatocytes. In addition to
these findings, hepatocytes contained
intracytoplasmic eosinophilic bodies as
described by Lamas et al. (1995) in turbot
infected with viral erythrocytic infection.

This is the first report of viral erythrocytic
infection associated with pathogenic bacteria
and some ectoparasites in cultured sea bass
in floating net cage farms along the cost of
the Black Sea in Turkey. The viral infection
could have induced anaemia and increased
the susceptibility of infected fish to secondary
pathogens. Such a concurrent infection is
likely the cause of the increased mortality in
farms investigated and possibly also in other
cultured sea bass farms in Turkey, where
increased mortality has been reported by
other workers.
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