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INTRODUCTION

Viral haemorrhagic septicaemia (VHS) is among the
most major diseases in salmonid aquaculture. Its
occurrence is responsible for 80 to 100% losses, espe-
cially in fry and other marketable fish during the first
year of their life. The causative agent of the disease
was first isolated in cell cultures derived from the
ovaries of juvenile trout (Jensen 1963) and the rhab-
doviral oetiology subsequently demonstrated by elec-
tron microscopy (Zwillenberg et al. 1965). The most
susceptible fish species are generally salmonids, espe-
cially rainbow trout Oncorhynchus mykiss, but the dis-
ease may also affect non-salmonids such as pike Esox
lucius (Meier & Pfister 1981) or turbot Scophthalmus
maximus (Schlotfeldt et al. 1991). 

To achieve good growth of rainbow trout in aquacul-
ture, fish must be healthy, well-fed and the water must
be of the required quality. Methods of preventive ex-
amination of fish health in aquaculture include haema-
tological and biochemical analyses of blood. Early de-
tection of changes in red blood cell parameters, and the
indicators of nitrogen, carbohydrate, lipid and mineral
metabolism, and also fluctuations in the catalytic con-
centrations of enzymes, require other diagnostic meth-
ods to be used in order to identify the cause of disorders
in fish. Other studies have previously drawn attention
to the importance of enhancing the knowledge of the
clinical haematology and biochemistry of salmonids af-
fected by infectious bacteria (Hunn 1964, Post 1966,
Mulcahy 1969,1971, Cardwell & Smith 1971, Foda
1973, Racicot et al. 1975, Shieh 1978, Harbell et al.
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1979, Barham et al. 1980, Waagbø et al. 1988, Řehulka
2002) or viruses, including infectious haematopoietic
necrosis (Amend & Smith 1975) and VHS (Lehmann &
Stürenberg 1975, Hoffmann et al. 1979, Amlacher et al.
1980, Hoffmann 1980, Hille 1983, Pöllnitz et al. 1994).
These studies focused on the pathological morphology
of the blood cells. Studying the development of organ
lesions in rainbow trout with experimentally induced
VHS, Hoffmann et al. (1979) found that many immature
blood cells were diagnosed in peripheral blood during
the later stages of disease. The importance of these pro-
cesses were discussed, with special reference to the de-
velopment of haemorrhagic diathesis, as well as to the
defence system of fish. Amlacher et al. (1980), conduct-
ing haematological investigations in 1 yr old farmed
rainbow trout naturally infected with VHS virus
(VHSV), observed diverse stages of erythrocytic degen-
eration, amitoses of the erythrocytes, and a 5-fold in-
crease in lymphocyte numbers in the peripheral blood
of the fish. The ratio of immature to mature erythrocytes
was 1:11 in diseased trout and 1:5 in the healthy control
group. This suggests that the haematopoietic activity of
the auterior kidney in diseased trout may be reduced to
up to half that of the normal rate as a result of viral in-
fection. Pölnitz et al. (1994) stated that within anaemic
fish there is a remarkable increase in the number of
monocytes, despite a reduced number of leucocytes in
the peripheral blood; in the head kidney there is an 
increase of erythrocytes by 4-fold and of erythroblasts
by 3-fold. In the biochemical indices, VHS caused low
blood sugar, total protein, albumin, globulin and biliru-
bin levels (Deufel 1959, Haider 1969, Reichenbach-
Klinke 1970, Ahne et al. 1976).

The purpose of this study was to describe the
changes in the blood of juvenile rainbow trout during
the occurrence of a natural infection of VHSV.

MATERIALS AND METHODS

Fish. The disease outbreak occurred in May 1999 on
a trout farm, in 1 of 20 tanks. In all, 1500 fish were kept
in flow-through round metallic tanks, 6 m diameter
and 4 m depth, and maintained at a water temperature
of 5°C.The body weight of the fish was 87 ± 15 g (mean
± SD) and standard length was 179 ± 12 mm. As later
discovered, the infection had been introduced by verti-
cal transmission from one of the parent fish, from
which VHSV was isolated. Depending on clinical signs
and gross pathology, diseased fish were divided into 2
groups. Group A included fish at the acute stage (dark
colouration, unilateral exophthalmus, pale gills and
haemorrhaging of eyes, skin, viscera and base of pec-
toral fins). Group B comprised fish at the chronic stage
(severe pale gills, intensive darkening and exophthal-

mus). A blood sample was taken and the fish was sub-
jected to pathologico-anatomical analysis. Its organs
were collected for histological and virological exami-
nation.

Sampling procedure for histopathology. Samples
from 20 fish were fixed in a 10% neutral-buffered for-
malin solution. Histological sections were stained as
follows: haematoxylin-eosin, Gram, PAS method (peri-
odic acid Schiff’s reagent), Masson green trichrome,
Gömöri’s method, and Van Gieson. Perl’s staining
method was used for the detection of iron and Lugol’s
solution (Stein) was used to identify bile pigments. 

Virological examination. Samples of spleen and
heart were used for virological examination. In the
ELISA examination of the tissue culture, a value of
1.473 was obtained in the RTG cells and 1.345 in the
FHM cells. Electron microscopy confirmed the pres-
ence of rhabdovirus particles. Virological examination
was performed in the National Reference Laboratory
for Viral Fish Diseases. 

Preparation of blood samples. Blood was sampled
from fish showing clinical signs of disease: 10 fish from
Group A and 10 fish from Group B; and from 10
healthy fish from another tank. The fish were anaes-
thetised with Menocaine/3-ethoxycarbonylfenyl/
ammonium natrium hydrogensulfuricum at a concen-
tration of 0.1 g l–1, and the samples were then taken by
puncturing the caudal vein between 07:00 and 11:00 h.
EDTA and sodium heparin (5000 international units
[IU] in a 1 ml injection) were used as anticoagulants,
the former being used for the haematological examina-
tion and the latter for biochemical analyses of blood
plasma. Haematocrit (Ht) values were determined
immediately after sampling. The red blood cell count
(RBCc) and haemoglobin (Hb) values were determined
afterwards. Plasma was obtained by centrifuging the
blood at 400 × g for 10 min at 4°C and then removing it
with a plastic syringe. All determinations were per-
formed within 24 h of sample collection.

Haematology. The RBCc (Tl–1) was determined
using the Bürker haemocytometer; the Hayem solution
was applied and the erythrocytes were counted in 2 ×
20 rectangles. Ht was determined in heparinised
microhaematocrit capillaries in duplicate, using a
microhaematocrit centrifuge (15 300 × g for 3 min). Hb
(in g l–1) was determined by the standard cyanohaemo-
globin method. Derived blood indices of mean corpus-
cular volume (MCV, in fl), mean corpuscular haemo-
globin (MCH, in pg), and mean corpuscular Hb
concentration (MCHC) were calculated from haemato-
logical figures.

Blood chemistry. A Hitachi 704C analytical instru-
ment was used for the following determinations involv-
ing the Cfas calibrator for automatic systems (Roche).
Kits produced by PLIVA-Lachema, a.s. Brno, Czech
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Republic, and DIALAB Wien, Austria, and Prague,
Czech Republic, were used for the determination of all
indices. For controls, BIO-LA-TEST® LYONORM
HUMAN N Cat. No. 10003204, 1301566, DIACON N
Cat. No. D 98481 and DIALAB Cat. No. 188481 were
used. These included: total protein (TP, in g l–1), blood
urea nitrogen (BUN, in mmol l–1), uric acid (UA, in
µmol l–1), creatinine (CREA, in µmol l–1), glucose (GL,
in mmol l–1), triacylglycerol (TGL, in mmol l–1), inor-
ganic phosphate (P, in mmol l–1), total calcium (Ca, in
mmol l–1), alanine aminotransferase (ALT, in µkat l–1),
aspartate aminotransferase (AST, in µkat l–1), alkaline
phosphatase (ALP, in µkat l–1), and lactate dehydroge-
nase (LD, in µkat l–1). The sodium cation (Na+, in mmol
l–1) and potassium cation (K+, in mmol l–1) were deter-
mined by flame-emission photometry.

Assessment of the biometry organs. For evaluation
of the overall condition of the fish, the Fulton coeffi-
cient (FC) (body weight in g × 100/standard length3, in
cm), Clark coefficient (CC) (body weight without vis-
cera in g × 100/standard length3, in cm), Hepatoso-
matic Index 1 (HI 1) (liver weight as a % of body
weight), Hepatosomatic Index 2 (HI 2) (liver weight as
a % of body weight without viscera) and Viscera
Somatic Index (VSI) (viscera weight as a % of body
weight) were determined. The total weight of the fish
and the weight of the fish without viscera were
recorded to an accuracy of 1 g, and the weight of the
liver was determined to an accuracy of 0.01 g.

Statistical analysis. Data from healthy and diseased
fish were compared using the F-test and t-test. All cal-
culations were made using the UNISTAT® (1995) sta-
tistical package for MS Windows™. All the procedures
used are described in the User Guide.

RESULTS

Clinical signs and gross pathology and
histopathology

The fish showed signs of lethargy, stayed at the
periphery of the tank and showed different degrees of
pale gills. Some had a dark body colour and a unilat-
eral or bilateral exophthalmus, with either absence or
presence of haemorrhage in eyes. The colour of their
liver ranged from normal, to wine-red, up to yellow,
and often signalled focal lack of blood perfusion.
Haemorrhagic diathesis manifested itself on the liver,
pyloric caeca, fatty tissue and the wall of the swim-
bladder. Stripe-like or petechial haemorrhage also
occurred in the muscle. The anterior kidney was pale,
the gut was swollen at the end, the anus was reddened
and slightly prolapsed. The ascites bud was either
absent, clear, or had an addition of red blood cells. 

The kidney showed a considerable reduction of
haemopoietic tissue. The glomeruli were enlarged
with dilated capillary loops and with the presence of
inflammatory infiltrate. The walls of the basal mem-
branes were thickened and there were signs of con-
centration of fine-grained and fibrous protein material
in the Bowman’s capsule. In addition to the preserved
acinar structure, there were focal necroses, with or
without a light to severe occurrence of diffuse small-
variability fatty vacuoles in the liver as a sign of pro-
longed course of disease. A discrete inflammatory
response often occurred in the portal fields. The blood
capillaries showed signs of being in a septic state with
necrotic debris, with prevalence of immature red and
white blood cells. These findings corresponded to
acute hepatitis. The heart showed severe acute myo-
carditis with focal regressive changes of the fibres. 

Haematology and clinical chemistry

The haematological and biochemical profiles of the
diseased fish are documented in Tables 1 & 2. Changes
in the red blood component with manifestations of re-
duced RBCc, Ht and Hb values (more significant in
Group B) are the key feature of the clinical picture of the
fish in both groups. Except for RBCc, all the values of the
fish in Group A were below our laboratory’s reference
range for healthy fish values (RBCc: 0.77 to 1.42; Ht:
0.304 to 0.502; Hb: 54 to 92.6) (Řehulka & Minařík 2003),
and in comparison with healthy fish they were highly
variable (RBCc: 0.18 to 1.42; Ht: 0.06 to 0.417; Hb: 13.7 to
82.6). In comparison with healthy fish, MCV values in
this group signalled that diseased fish were prone to nor-
mochromic microcytic anaemia (221 to 381 vs 262 to 407)
and these values were at the lower limit of the reference
values (282 to 469). The red blood component in the fish
in Group B offered a much more dramatic picture, show-
ing an escalated severe hypochromic normocytic
anaemia. The RBCc (0.07 to 0.4 vs 0.99 to 1.47), Ht (0.04
to 0.145 vs 0.417 to 0.556) and Hb values (5 to 21.9 vs 87.7
to 98.7) were below those of the healthy fish.

Within the spectrum of biochemical parameters, the
fish in Group B showed a greater number of differences
between the diseased and healthy fish. Regarding ni-
trogen metabolism, there was a marked hypo-
proteinaemia (10 to 17 vs 40 to 50), an increase in BUN
(0.4 to 0.9 vs 0.4 to 0.6) and decrease in CREA (12 to 20 vs
43 to 65) in the diseased fish. The most marked change in
carbohydrate metabolism was the 50% reduction of GL
(0.6 to 7.2 vs 4.2 to 11.7), and in lipid metabolism it was
the TGL level, which was 4 times lower than in healthy
fish (0.4 to 4.2 vs 6.5 to 16.7). The levels of osteotrophic
elements P and Ca, as well as the level of the Na+ cation,
were also lower (P: 2.52 to 4.34 vs 4.49 to 5.86; Ca: 1.82 to
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Indices Diseased fish Healthy fish F-test t-test
Mean SD SEM Mean SD SEM F-value p t-value p

RBCc T l–1 0.82 0.497 0.157 1.19 0.189 0.06 6.934** 0.004 –2.243* 0.045
Ht 0.246 0.159 0.05 0.422 0.072 0.023 4.883* 0.014 –3.186** 0.008
Hb g l–1 48.1 27.3 8.63 71.6 9.86 3.12 7.659** 0.003 –2.56* 0.026
MCV fl 291 50 15.8 357 49.2 15.6 1.034 0.48 –2.98** 0.008
MCH pg 62 7.8 2.5 61 8 2.5 1.048 0.473 0.368 0.717
MCHC 0.219 0.046 0.014 0.171 0.01 0.003 22.73** 0.000 3.247** 0.009
TP g l–1 31.7 14.59 4.86 43.1 7.71 2.44 3.58* 0.037 –2.102 0.058
UA µmol l–1 75.7 14.87 5.26 83.3 10.69 3.56 1.93 0.188 –1.227 0.239
GL mmol l–1 5.07 1.51 0.534 6.04 0.451 0.16 11.192** 0.002 –1.732 0.12
P mmol l–1 3.53 0.793 0.264 4.38 0.628 0.199 1.593 0.251 –2.613* 0.018
Ca mmol l–1 2.74 0.626 0.208 3.22 0.198 0.066 10.032** 0.002 –2.185 0.055
Na+ mmol l–1 155 6.764 2.255 158.9 3.348 1.059 4.081* 0.025 –1.566 0.145
K+ mmol l–1 1.38 1.069 0.356 0.36 0.092 0.032 136.062** 0.000 2.838* 0.022
ALT µkat l–1 0.24 0.072 0.026 0.21 0.064 0.021 1.295 0.36 1.059 0.306
AST µkat l–1 6.46 0.923 0.349 5.25 1.033 0.344 1.254 0.402 2.444* 0.028
ALP µkat l–1 5.22 3.271 1.09 7.08 2.173 0.687 2.266 0.122 –1.474 0.159
LD µkat l–1 20.59 20.067 7.095 8.34 3.018 0.954 44.205** 0.000 1.711 0.129

Table 1. Oncorhynchus mykiss. Comparison of the haematological and biochemical parameters of diseased (viral haemorrhagic
septicaemia virus; VHSV) and healthy rainbow trout (Group A, n = 10). SEM: standard error of the mean; *p = 0.05; **p = 0.01.
RBCc: red blood cell count; Ht: haematocrit; Hb: haemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular haemo-
globin; MCHC: mean corpuscular haemoglobin concentration; TP: total protein; BUN: blood urea nitrogen; UA: uric acid; CREA:
creatinine; GL: glucose; TGL: triacylglycerol; P: inorganic phosphate; Ca: total calcium; Na+: sodium cation; K+: potassium cation;

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; LD: lactate dehydrogenase

Indices Diseased fish Healthy fish F-test t-test
Mean SD SEM Mean SD SEM F-value p t-value p

RBCc T l–1 0.22 0.098 0.013 1.31 0.174 0.055 3.163 0.051 –17.21** 0.000
Ht 0.086 0.044 0.014 0.485 0.042 0.013 1.082 0.454 –20.64** 0.000
Hb g l–1 10.8 7.71 2.44 89.5 5.93 1.87 1.692 0.223 –25.593** 0.000
MCV fl 388 93 29.4 373 26 8.2 12.818** 0.000 0.501 0.627
MCH pg 46 18.9 6 69 7.6 2.4 6.234** 0.006 –3.537** 0.004
MCHC 0.117 0.036 0.011 0.185 0.011 0.004 10.575** 0.001 –5.688** 0.000
TP g l–1 13.9 2.15 0.72 46.2 3.19 1.06 2.211 0.141 –25.209** 0.000
BUN mmol l–1 0.7 0.16 0.05 0.5 0.06 0.02 6.139** 0.006 3.556** 0.004
UA µmol l–1 19.4 11.54 4.08 19.7 3.86 1.46 8.932* 0.008 –0.078 0.939
CREA µmol l–1 16.2 2.35 0.74 53 8.07 2.55 11.814** 0.000 –13.848** 0.000
GL mmol l–1 3.16 1.992 0.63 6.31 2.4 0.759 1.452 0.294 –3.194** 0.005
TGL mmol l–1 2.42 1.109 0.351 10.63 3.726 1.178 11.278** 0.001 –6.679** 0.000
P mmol l–1 3.21 0.582 0.194 5.16 0.482 0.152 1.456 0.293 –7.944** 0.000
Ca mmol l–1 2.08 0.281 0.094 3.5 0.243 0.081 1.334 0.347 –11.457** 0.000
Na+ mmol l–1 142.5 7.138 2.257 155.8 3.49 1.104 4.183* 0.022 –5.294** 0.000
K+ mmol l–1 4.09 0.719 0.227 2.68 1.076 0.34 2.24 0.123 3.446** 0.003
ALT kat l–1 1.16 0.752 0.238 0.58 0.187 0.059 16.152** 0.000 2.343* 0.041
AST µkat l–1 20.41 10.263 3.879 11.45 2.204 0.697 21.687** 0.000 2.274 0.061
ALP µkat l–1 2.64 1.187 0.396 12.06 4.272 1.351 12.966* 0.001 –6.688** 0.000
LD µkat l–1 178.7 97.764 32.588 21.44 8.442 2.67 134.092** 0.000 4.81** 0.000

Table 2. Oncorhynchus mykiss. Comparison of the haematological and biochemical parameters of diseased (viral haemorrhagic
septicaemia virus; VHSV) and healthy rainbow trout (Group B, n = 10). SEM: standard error of the mean; *p = 0.05; **p = 0.01;
RBCc: red blood cell count; Ht: haematocrit; Hb: haemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular haemo-
globin; MCHC: mean corpuscular haemoglobin concentration; TP: total protein; BUN: blood urea nitrogen; UA: uric acid; CREA:
creatinine; GL: glucose; TGL: triacylglycerol; P: inorganic phosphate; Ca: total calcium; Na+: sodium cation; K+: potassium cation;

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; LD: lactate dehydrogenase
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2.45 vs 3.15 to 3.91; Na+: 133 to 154 vs 151 to 160). The
concentration of K+ was increased (2.6 to 4.9 vs 1.1 to
4.8). Of the 2 aminotransferases under study, there was
an increased catalytic concentration only in ALT, for
which values ranged between 0.52 and 2.46 in the af-
fected fish, whereas in the healthy fish the range was
0.39 to 1. A substantial growth in enzyme activity was
recorded in LD: it was 8 times higher in diseased fish
than in healthy fish, showing a considerable fluctuation
in the former (69.3 to 345.6) and greater homogeneity in
the latter (13.6 to 42.4). The catalytic concentration of
ALP was reduced several times (1.4 to 5 vs 7.9 to 20). The
increased catalytic concentration of AST (5.14 to 8.01 vs
3.54 to 6.68) was an interesting finding in the diseased
fish in Group A, but was absent in Group B. 

Comparison of the results of the t-tests between the
diseased and healthy fish showed that the fish in
Group B gave a greater biochemical response. BUN,
CREA and TGL were not determined in Group A for
technical reasons: if these are excluded from the eval-
uation, we see a significant difference between Group
B fish and the healthy fish in 9 cases, and between
Group A fish and the healthy fish in only 3 cases. 

Biometry of organs

When we compared the fish in a chronic stage of
VHS with disease-free fish, we observed a significantly
(p = 0.03) lower FC (1.43 ± 0.155 vs 1.6 ± 0.165) and CC
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Fig. 1. Oncorhynchus mykiss. Condition indices of the diseased (viral haemorrhagic septicaemia virus; VHSV) and healthy rain-
bow trout represented by notch box graphs with filaments: a = width of the box, indicating the size of the set; b = mark inside the
box, showing the position of the arithmetic mean; c = mid-diagonal of the box, representing the position of the median in relation
to the y-axis; d = lower and upper edge of the box, indicating successively the position of the lower and upper quartiles; the out-
growths on the upper and lower edges of the box mean that the confidential interval has exceeded the value of the upper and
lower quartiles; e = width of the notch, corresponding to the confidence interval around the median; f = the lower filament, with
a length corresponding to the value of the lower quartile reduced by 1.5 times the span of the quartiles. If this value is lower than
the minimum value in the set, the length of the filament corresponds to this minimum value. If values lower than those corre-
sponding to the coordinate of the end point of the lower filament do occur in the set, then these values are signalled as remote.
g = The upper filament, with a length corresponding to the value of the upper quartile enlarged by 1.5 times the span of the quar-
tiles. If this value is higher than the maximum value in the set the length of the filament corresponds to this maximum value. If
values higher than those corresponding to the coordinate of the end point of the upper filament do occur in the set, then these

values are signalled as remote
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(1.2 ± 0.108 vs 1.32 ± 0.12), and significantly (p = 0.04
and 0.01, respectively) higher HI 2 (1.76 ± 0.389 vs
1.46 ± 0.137) and VSI (8.41 ± 0.858 vs 7.19 ± 0.921).
The condition parameters are graphically shown in
Fig. 1. 

DISCUSSION

The occurrence of VHS in rainbow trout as described
in this study is accompanied by severe changes in the
blood, including, in particular, signs of anaemia, dis-
orders in nitrogen, carbohydrate, lipid and mineral
metabolism, and changes in enzyme activities.

Related to anaemia is the lethargic behaviour of the
fish, resulting from poor metabolism of oxygen, com-
bined with a reduction of the Hb level. This decrease
was seen not only in relation to the control fish, but also
in relation to the physiological values; it is particularly
the case that fish in the chronic stage of the disease
(Group B) have Hb levels which are far below the ref-
erence range. The hypochromic normocytic anaemia
in the fish from Groups A and B can be considered to
be a symptomatic secondary anaemia typical of the
course of infectious diseases (Donner & Friedmann
1977). Reduced erythropoiesis is the most distinct fea-
ture of the pathogenesis in this case. The histological
finding of necrosis at the haemopoietic site of the kid-
ney correlates with the reduced erythropoiesis. The
decrease of red blood cells in the peripheral blood is
not compensated by the production of new cells
because of the considerable loss of haemopoietic tis-
sue. The premature intravascular destruction of red
blood cells is primarily ascribed to sepsis. Anaemia is
commonly found in cases of chronic glomerulonephri-
tis (Donner & Friedmann 1977), and according to
Erslev (1970; cited in Neuwirt et al. 1983) chronic renal
failure with uraemia is regularly accompanied by
anaemia, the intensity of which is in correlation with
the degree of uraemia. However, no relation between
Ht and the urea level was found in our case. 

Many authors have described anaemic states in
cases of bacterial infection of salmonids. Waagbø et al.
(1988) described signs of severe anaemia combined
with a reduction of RBCc, Ht and Hb in Atlantic salmon
Salmo salar suffering from the ‘Hitra disease’, and
Harbell et al. (1979) also described such signs in the
coho salmon Oncorhynchus kisutch subjected to
experimental infection with a virulent Vibrio anguil-
larum. Cardwell & Smith (1971) found a progressive
effect on the Ht and Hb in juvenile chinook salmon
with vibriosis. Foda (1973) described a reduction of Hb
in a severe Aeromonas infection in Atlantic salmon.
Barham et al. (1980) recorded a reduction of Hb and Ht
in rainbow trout infected with the Aeromonas and

Streptococcus bacteria. A decrease in Ht in a bacterial
kidney disease in brook trout is also reported by Hunn
(1964). The RBCc, Ht and Hb levels were significantly
low in Aeromonas, which causes severe skin lesions in
rainbow trout (Řehulka 2002). However, the MCV,
MCH, and MCHC were normal. The changes in the
basic haematological indices may also be induced by
some parasitic protozoa, or certain metazoan parasites.
Kawatsu (1978) found that the RBCc, Hb, Ht and MCH
declined as the intensity of Eudiplozoon nipponicum
grew. Hoffmann & Lommel (1984) indicate that rain-
bow trout affected by proliferative kidney disease
(PKD) have distinct anaemia with diminished Ht, Hb
and RBCc. 

A reduction of TP in salmonids with infectious dis-
ease is described by many other authors. Mulcahy
(1971) studied such a decrease in the serum of the
brown trout and Atlantic salmon with ulcerative der-
mal necrosis (UDN) and single fungal infection Sapro-
legnia ferax, and in salmon fingerlings with fin rot and
furunculosis (Mulcahy 1969). Hypoproteinaemia was
reported by Harbell et al. (1979) to occur in this salmon
with vibriosis, and Hunn (1964) found it to occur in
brook trout with bacterial kidney disease. Total plasma
protein concentrations were significantly lower in dis-
eased rainbow trout (Barham et al. 1980, Řehulka
2002), and so was the total serum protein in Atlantic
salmon (Waagbø et al. (1988). The hypoproteinaemia,
which was found in severely anaemic fish, corre-
sponded with the histological finding in kidney and
acute hepatitis: these conditions are mainly charac-
terised by the loss of albumin and decrease in its syn-
thesis (albumin contributes to maintaining colloidal os-
motic pressure in the blood flow). Hypoalbuminaemia
leads to swellings and ascites. Diminished total serum
protein and an increase in blood urea in PKD-affected
fish are described by Hoffmann & Lommel (1984).

The increased level of urea is ascribed to its reten-
tion, which is due to renal insufficiency, and also to
escalated protein catabolism (Řehulka 2002), taking
place where sepsis occurs (Racek et al. 1999). The
recorded lower concentration of CREA as another non-
protein nitrogen catabolite corresponds to the values
published by Waagbø et al. (1988).

Barham et al. (1980) provide evidence of the fact that
an infectious disease may affect the glucose level.
These authors draw attention to the lower concentra-
tion of glucose in infected rainbow trout with bacterial
aetiology, as described above. However, Haider (1969)
reported a VHS-induced hyperglycaemia in the course
of a nephritic syndrome. Our finding of a 50% fall of
the plasma glucose level only in fish suffering from a
severe anaemia can be ascribed to the depletion of the
reserve of liver glycogen in cases of failure of liver
functions, combined with the fact that the sick fish
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show no interest in food. An increase in glucose level is
described by Harbell et al. (1979), and the increase in
blood glucose in infected fish is characteristic of a
stress response (Black et al. 1961). 

In addition to glucose, higher non-esterified fatty
acids are among the most important sources of energy.
The changes in lipoprotein metabolism, which mani-
fest themselves in a marked reduction of the level of
TGL, corresponded with the results published by
Waagbø et al. (1988) and Řehulka (2002). Hypoglyc-
erolaemia may be related to hepatopathy, fasting and
severe septic conditions.

The significant findings also included changes in the
mineral metabolism of inorganic phosphate, total cal-
cium, sodium and potassium. Hypophosphataemia and
hypercaliaemia were shared by both groups of fish. The
levels of calcium and the sodium cation were reduced
only in severely anaemic fish. In homeothermic verte-
brates (Racek et al. 1999), hypophosphataemia may oc-
cur in cases of a tubular defect in the reverse resorption
of phosphates, and also in sepsis; a decrease in calcium
may correspond with losses of protein. According to
(Racek et al. 1999), a decrease in plasma sodium occurs
in cases of stronger hypoproteinaemia, where the anion
column in the plasma grows and where an adequate
decrease in the total cation concentration is needed if
electric neutrality is to be retained. Such cations also in-
clude sodium, which is the main extracellular cation.
Hypercaliaemia might be due to inflammatory damage
to the glomerular system. Barham et al. (1980) describe
a decrease in sodium.

The increase in the catalytic concentration of both
aminotransferases (ALT and AST) in the diseased fish
testifies an increased permeability of the cell mem-
branes, and thereby different degrees of damage to the
hepatocytes. A growth of ALT while AST remained un-
changed was described by Waagbø et. al. (1988), who
examined vibriosis in Atlantic salmon; Harbell et al.
(1979), who studied the same disease in coho salmon,
described an increased catalytic activity of AST. A sig-
nificant increase in both aminotransferases was also
recorded by Bell (1968) in a case of bacterial kidney dis-
ease of cultured sockeye salmon, by Racicot et al.
(1975) in Aeromonas infection of rainbow trout, and by
Shieh (1978) in Aeromonas salmonicida infection of
brook trout. According to Jeney et al. (1990), increased
ALT and AST in plasma showed tissue damage, proba-
bly due to the necrosis of haemopoietic tissues of in-
fected wells Silurus glanis with a new serotype of Rhab-
dovirus carpio. A reduced catalytic concentration of
ALP, as observed in this study, is also described by
Waagbø et al. (1988) and Harbell et al. (1979), as dis-
tinct from the observations published by Shieh (1978).
The histopathological finding in liver and the blood
vessels (increased disintegration of the red blood cells)

may be associated with an elevation of the catalytic
concentration of LD in severely anaemic fish. An in-
creased activity of this enzyme is also described by Har-
bell et al. (1979) and Racicot et al. (1975). We also con-
sider the comparison of the red blood cell indices with a
case of intraperitoneally-induced infectious haemato-
poietic necrosis in rainbow trout important (Amend &
Smith 1975). Similar to our findings, these authors state
a reduction in the RBCc, Ht and Hb, but they report un-
changed MCV, MCH and MCHC concentrations. We
found, like Amend & Smith (1975), a reduction of inor-
ganic phosphate and total calcium. While the decrease
in inorganic phosphate level occurred in both stages of
the disease, the decrease in total calcium was only
recorded in fish in the chronic stage of VHS. However,
like Amend & Smith (1975), we observed an unchanged
level of glucose only in fish in the acute stage of dis-
ease. Fish with chronic VHS had a lower glucose level.

Comparison of the haematological and biochemical
responses between Groups A and B shows the same
levels in 6 cases (RBCc, Ht, Hb, UA, P, K+) and different
levels in 11 cases (MCV, MCH, MCHC, TP, GL, Ca,
Na+, ALT, AST, ALP, LD). It can thus be deduced that
changes in metabolism and enzyme activities grow
with the development of the anaemic state.

Like Waagbø et al. (1988), we recorded a higher
hepatosomatic index in the diseased fish, which is also
a typical sign in cases of liver lipoid degeneration
(LLD) (Ostroumova 1974, Řehulka 1989, 1990). This, as
well as the lower FC, is indicative of a poor body con-
dition. The reverse was observed in bacterial infection,
which causes severe skin lesions in rainbow trout
(Řehulka 2002) and brook trout Salvelinus fontinalis
(Řehulka 1999): sick fish had better nourishment (FC:
1.66 ± 0.047 and 1.51 ± 0.082) than healthy fish (1.42 ±
0.039 and 1.43 ± 0.044).

These results display the changes that take place in
the peripheral blood of the rainbow trout affected by a
severe salmonid virosis. The red blood cell was sub-
jected to 6 haematolotical tests, and the blood plasma
was subjected to 14 biochemical tests, which provided
findings on changed substrate concentrations and
enzyme activities. These findings will encourage
efforts to extend the participation of clinical haematol-
ogy and biochemistry in the screening programmes of
the evaluation of the state of health of salmonids in
intensive aquaculture.
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Řehulka J (1999) Changes in the blood of the brook trout,
Salvelinus fontinalis (Mitchill,1815) affected by infectious
skin lesions. 9th Int Conf Diseases of Fish and Shellfish,
Rhodes, 19 to 24 September 1999. Book of abstracts, EAFP
(European Association of Fish Pathologists), Rhodes
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