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ABSTRACT: The gilthead sea bream Sparus aurata is a species of great ~nterest for aquaculture, and in 
the last few years its culture has increased in the Mediterranean. This study was carried out to eluci- 
date the mechanisms underlying the immunological response of fish after handling and confinement, 
procedures commonly associated with fish transport, as well as to determine the putative protective 
role of an anaesthetic (tricaine methanosulphonate) during confinement. Handling produces changes 
not only in circulating blood cells but also in the immunological cell populations of the thymus, spleen 
and pronephros. A stronger response in immunological cells was obtained when handllng was followed 
by confinement. Circulating white blood cells returned to normal approximately 48 h after the onset of 
stress, whereas immunological tissue cells recovered later. The presence of an anaesthetic partially 
prevented the circulatory response, suggesting that the immunological response was less and support- 
ing therefore the belief that the anaesthetic plays a protective role. However, it worsened the effect of 
handling plus confinement on haematopoietic organs, indicating that examining immunological cells 
in circulation only can lead to a false conclusion. Our results suggest that fish are not completely 
recovered until at least 144 h (6 d) after handling and transport, when cellular recovery in immuno- 
logical organs occurs. 
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INTRODUCTION 

In aquacul ture,  m a n a g e m e n t  procedures such  a s  
transport a n d  handling a r e  inevitable. However ,  these 
procedures produce dis turbances which c a n  elicit a 
stress response (Pickering 1981), leading to decreased  
fish performance a n d  survival. Handling a n d  transport 
of fish a r e  known to produce alterations of the  
peripheral  leucocyte distribution, such  a s  heterophilia 
a n d  lymphocytopenia (Anderson e t  al. 1982, Peters  
& Schwarzer  1985, Ellsaesser & Clem 1986, M a u l e  
& Schreck 1990, Ainsworth e t  al.  1991), a s  well a s  
increased susceptibility to  diseases  (Wedemeyer  1970, 
Wedemeyer  & McLeay 1981, Pickering & Pottinger 
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1985, Maule  e t  a l .  1989). T h e s e  c h a n g e s  a p p e a r  to b e  
d u e  mainly to  stress-induced increases  in circulating 
corticosteroids, especially cortisol, which  c a n  al ter  
different i m m u n e  functions (Slicher 1961, M a u l e  e t  al.  
1987, Pickering e t  al.  1989). However ,  most s tudies  on  
t h e  effects of stress a n d  corticosteroids on  t h e  i m m u n e  
system of fish h a v e  focused o n  t h e  haematological a n d  
immunological features  of per ipheral  blood, a n d  their 
putative effects on  the cell populations of t h e  inlmuno- 
logical o rgans  remain largely unknown.  C h a n g e s  in 
i m m u n e  cell distribution within such  organs  rather  
than  in the  blood, a n d  t h e  durat ion of these  changes ,  
could have  a more  important  effect o n  t h e  heal th of fish 
i n  cul ture t h a n  previously believed. 

T h e  gi l thead s e a  b r e a m  Sparus aurata is a teleost 
species  with a g r e a t  potential for commercial aquacul-  
tu re  a n d  i n  t h e  last few years  m a n y  Medi te r ranean  
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countries have increased its production The main 
objective of this study was to determine the magnitude 
of the immunosuppression produced by the common 
aquaculture procedures, handling and confinement. 
To this end,  we studied the commonly used circulating 
white blood cell composition, and also the distribution 
of inlmunological cells in the major teleost lympho- 
myeloid organs, i.e. the thymus, spleen and pronephros 
(head kidney). Additionally, we evaluated the putative 
protection offered by anaesthetizing the animals with 
tricaine methanosulphonate during confinement at a 
density similar to that used for transportation. 

MATERIAL AND METHODS 

Animals. Eight hundred gilthead sea bream Sparus 
aurata weighing 160 to 180 q were obtained from a 
commercial fish farm (CUPIMAR, Cadiz, Spain) in 
November 1993. The fish were initially kept in large 
9000 1 indoor tanks (acclimation tanks), each supplied 
with a constant flow of recirculated seawater, and were 
fed twice daily on commercial pellets (1 % of body 
weight). Water temperature ranged between 14 and 
17°C. After 14 wk, 112 bream were randomly distrib- 
uted into 275 1 tanks and acclimated for 20 d .  

Experimental treatments. After the acclimation 
period, the fish were divided into 4 experimental 
groups: Control (C), handling (M),  handling plus 
confinement (T) and handling plus confinement with 
the addition of the anaesthetic tncalne methano- 
sulphonate (A). The detailed procedure was as follows: 

Control fish (C) :  Fish were maintained at a fish den- 
sity of 7 kg m-3 and supplied with a constant flow of 
fresh seawater (1 1 min-l). Fish were captured at 24, 48, 
96 and 144 h for blood and tissue analysis (n = 7 at  each 
sampling time). To avoid the possible collateral stress 
effect on the remaining fish caused by the capture 
process (Molinero et  al. 1997), the fish were captured 
from 4 independent tanks, one for each expenmental 
period. 

Handling fish (M): Fish were maintained in 4 inde- 
pendent tanks under the same conditions as those of 
(C) .  At time 0, the fish were removed from the tank and 
their length and weight measured immediately (within 
1 min). The fish were then returned to the tanks and 
not disturbed until capture for sampling at  24, 48, 96 
and 144 h (n = 7),  using a different tank each time. 

Handling plus confinement fish (T): Fish were han- 
dled as those for (M); in addition, they were placed in 
separate tanks in which the water supply was inter- 
rupted and were subjected to a short period of confine- 
ment by increasing the stocking density to 20 kg  m-3 
for 2 h .  The fish were then returned to their original 
tanks, to the control fish density and conditions, and 

remained undisturbed until captured for sampling in 
the manner descnbed above. 

Hdndling plus confinement fish with anaesthetic (A): 
Fish were treated as those for (T) but, In addition, 
anaesthetic was added to the confinement tanks at a 
concentration of 25 mg l-' (Molinero & Gonzalez 1995). 

Blood immunological cells staining and counting. 
Blood samples were taken from the caudal vessels of 
all fish with a hepannized syringe. The whole proce- 
dure lasted less than 3 to 4 min per group. Blood 
smears were made for specific blood cell counts, and 
stained using a modified Wright-Giemsa staining 
technique (Diagnostic Gnfols S.A., Barcelona, Spain), 
which shortens the staining time from the usual 3 to 
5 min per sample to 15 s This stain makes nuclci 
appear violet while the color of the cytoplasm varies 
according to the cell type. 

Cell c o u ~ t i n g  was carfied out along the w i d t h  of a 
slide at the end of each smear, with an  average of 100 
leucocytes and 150 thrombocytes being counted along 
one 80 pm wide column under a Nikon microscope at 
lOOOx using a E11A-2lmm/lmm Index Grid (Grati- 
cules Ltd). Results are expressed as the relative per- 
centage of each cell type following Ellsaesser & Clem 
(1986). 

Tissue immunological cells staining and counting. 
After blood sample extraction, fish were killed by de- 
capitation and the thymus, spleen and pronephros 
were removed and placed in Bouin's fluid for 18 to 24 h 
to fix the tissue. After fixation, the immune organs 
were dehydrated and embedded in paraffin in an  
Autotechnicon Duo 2A and then 6 pm sections were 
cut using a microtome. Sections were stained with 
Wright's Haematoxylin and Eosin. Cell count criteria 
were based on the color of the cytoplasm, nuclear 
shape and size, and chromatin distribution within the 
nucleus (Zuasti & Ferrer 1988, 1989). Cell counting 
was carried out in the cortex of the thymus and spleen, 
a few micrometres beneath the outer cell layer of 
the pronephros, and in peripheral accumulations of 
immune tissue among nephric tubules and glomeruli. 
Cells were counted in a 80 X 80 pm square at 1000x 
using a Nikon light microscope with the aid of an 
E1 1A-21 mm/lmm Index Grid. In addition, the number 
of melanomacrophage centres per 800 X 800 pm 
square at 100x was determined in the spleen and 
pronephros. For the thymus a mitotic index per 100 
cells was calculated after counting the number of 
mitotic cells in a 200 X 200 pm square (500 to 800 cells). 
Despite these criteria many cells remained unidenti- 
fied or were considered to be immature stages of 
leucocytes, thrombocytes or erythrocytes. 

Statistical analysis. Data obtained were subjected to 
logarithmic transformation and to analysis of variance, 
once homogeneity of variances had been ensured 
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(Cochran's test). Duncan's test (p < 0.05) was per- 
formed to identify the significant differences between 
groups. The nonparametric Mann-Whitney U-test was 
performed when variances were not homogeneous. 
For simplicity, all data in the text and figures are given 
as the arithmetic mean SD. 

RESULTS 

Circulating leucocytes 

Table 1 shows that the 3 types of treatments pro- 
duced specific changes in circulating white blood cells. 
Handling and handling plus confinement had the 
greatest effect on the percentage of heterophils and 
acidophils, respectively (up to 96 h). The presence of 
an anaesthetic worsened the effect of handling plus 
confinement on the basophilic percentage, and in 
addition, delayed the acidophilic and basophilic re- 
sponse. The anaesthetic reversed the transient lym- 
phocytopenia caused by handling plus confinement 
(Table 1). Lymphocyte response in the anaesthetized 
group was similar to that of the control group fish. 

Lymphomyeloid organs 

Thymus 

Fig. 1. Sparus aurata. Thymus response to the 3 treatments 
24, 48, 96 and 144 h after the beginning of the experiment. 
(a) Mitotic index [number of mitoses per 40000 pm2). (b) Lym- 
phocytes (number per 6400 pm2). C: control group; M -  group 

7 THYMUS 

whereas handling did not significantly affect the subject to handling; T: group subject to handling plus confine- 
ment without anaesthetic; A: group subject to handling plus mitotic index, confinement with or without an anaes- confinement with anaesthetic. Results are means * SD; *p < 

thetic increased it significantly (Fig. 1 ) .  The lympho- 0.05 denotes the significant differences between treated and 

6 -  

cytopenia noted in all treated fish at 24 h, which was control fish at any given time 

0 Group C 

a 'j EBB Group M 
Group T 

Table 1. Sparus aurata. Effect of handling, and handling plus confinement with and without an anaesthetic on circulating white 
blood cc.11~. Cells were counted using a E11A-2lmm/lmm Index Grid (Graticules Ltd). Results are expressed as the mean i SD of 

percentage of each cell type. ' p  < 0.05 denotes significant differences between treated and control fish at any given time 

Vana ble Group 24 h 48 h 96 h 144 h 

Acidophils 

Basophils 

Lymphocytes 

Heterophils Control (C) 
Handled (M) 
Confined (T) 
Anaesthetized (A) 

Control (C) 
Handled (M) 
Confined (T) 
Anaesthetized (A) 

Control (C) 
Handled (M) 
Confined (T) 
Anaesthetized (A) 

Control (C) 
Handled (M) 
Confined (T) 
Anaesthetized (A) 
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most severe in the anaesthetized fish (Fig. l ) ,  was no 
longer present at 48 h in both confined groups and at 
96 h in the handled group. 

Spleen 

Handling caused an increase in the number of 
melanomacrophage centres (MMC) in the spleen by 
24 h; in contrast, handling plus confinement caused a 
decrease in MMC (Fig. 2). Importantly, the anaesthetic 
reversed the effect of handling plus confinement. 
Forty-eight hours after the onset of stress the number 
of MMC in the 3 stressed fish groups was significantly 
higher than in the control group (Fig. 2). The overall 
leucocyte number in the handled group was signifi- 
cantly higher at 24 h (Fig 2 ) ,  and had increased in the 
3 treatments at  48 h. Complete recovery was observed 
at  96 h; at  this time significant lymphocytopenia in the 
confined plus anaesthetic fish was observed (data not 
shown). 

Head kidney 

Handling had only minor effects on immunological 
cells of this tissue (Fig. 3). Handling plus confinement 

SPLEEN 

a, Group M 
C Group T 

Group A 
0 30 

Fig. 2. Sparus aurata. Spleen response for the 4 treatments 24, 
48, 96 and 144 h after the beginning of the experiment. (a] 
Melanomacrophage centres (number per 640000 pm2). (b) Leu- 
cocytes (number per 6400 pm2). (See Fig. 1 for more details) 

150 , PRONEPHROS 
I 

Fig. 3 .  Sparus aurata. Pronephros response for the 4 treat- 
ments 24, 48, 96 and 144 h after the beginning of the experi- 
ment. Number per 6400 pm2 of (a) lyrnphocytes, (b) acido- 
phils, (c) monocytes, (d)  heterophils, (e) leucocytes, ( F )  un- 

identified cells. (See Fig. 1 for more details) 

had, in general, greater effects than handling alone; 
importantly, the pattern of the response for handling 
plus confinement was different than that for handling 
alone. For example, handling increased monocyte 
levels at 96 to 144 h, whereas handling plus confine- 
ment increased them at 24 to 4 8  h. The presence of an 
anaesthetic, in general, did not alter the response of 
the head kidney immunological cells to handling plus 
confinement. 

DISCUSSION 

Handling and handling plus confinement, a situation 
comparable to transport conditions in aquaculture, 
induce changes not only in circulating white blood 
cells but also in the thymus, spleen and pronephros 
in the gilthead sea bream. The expected changes 
induced by these 2 stressors were clearly observed 
(Pickering et al. 1982, Ellsaesser & Clem 1986, Fletcher 
1986, Bly et al. 1990, Ainsworth et  al. 1991). In addi- 
tion, the presence of an anaesthetic reversed or 
delayed most of the changes, suggesting that the 
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anaesthetic plays a protective role. However, tissue 
response demonstrated that the most severe effect 
was produced by handling plus confinement with an 
anaesthetic. A strong lymphocytopenia was observed 
in the thymus and pronephros in fish subjected to this 
treatment, which could be explained bp the fact that 
the number of lymphocytes in circulation is main- 
tained. If only circulating lymphocytes were measured 
in order to determine immune status, a false conclusion 
could therefore result. The long-term response of the 
immune system could be more accurately evaluated by 
analyzing tissue response. 

The thymic response to stress could be described as 
an initial involution or atrophy followed by a phase of 
thymic regeneration with increased mitotic activity, as 
shown by Chilmoncyzk (1992). These changes seem to 
indicate that confinement increases the overall thymic 
response including increases in the mitotic index. 
When fish were exposed to an anaesthetic, the thymic 
response lasted for more than 96 h. 

The pronephros showed the greatest and longest 
response to handling plus confinement with and with- 
out an anaesthetic. In fact, cellular changes in the 
pronephros could still be observed 144 h after the 
onset of stress. As Peters & Schwarzer (1985) stated, 
the increase in the heterophil cell content in the pro- 
nephros during the first reaction phase to the stressor 
probably reveals a functional activation of the haemo- 
poietic tissue. Rowley et al. (1988) reported that the 
granulocyte function is an important non-specific 
defense in fish. Fish heterophilic granulocytes have 
been described as active ameboid and phagocytic cells 
(Morrow & Pulsford 1980, Hyder et al. 1983), which 
serve as a first line of cell-mediated defense (Ains- 
worth et al. 1991). The observed effect is likely caused 
by the activation of the pituitary-adrenal axis. Adreno- 
corticotrophic hormone (ACTH) and corticosteroids 
are normally released during stress in fish (Donaldson 
1981, Mazeaud & Mazeaud 1981, Pickering 1992). 
Roberts (1978) and Peters & Schwarzer (1985) have 
shown that injection of ACTH and corticosteroids in 
teleosts causes cellular depopulation of the pronephros 
and spleen. Other authors have shown that treatment 
with steroids causes not only cell depletion in kidney, 
spleen and thymus, but also histologic lesions in the 
thymus (Chilmonczyk 1992). The significant decrease 
in the number of unidentified cells in the 3 treatments 
could be explained by cell differentiation in several 
leucocyte populations which takes place in order to 
provide specific cell defense. 

Handling increases the percentage of macrophages 
in the spleen. In haematopoietic organs of fish, macro- 
phages assemble in the MMCs, where phagocytosed 
material is degraded, removed or deposited (Agius 
1985). The kinetics of MMC formation were discussed 

by Mori (1980) and Herraez & Zapata (1986), who 
suggested that macrophages move to pre-existing 
aggregates or form new ones. Although MMCs are 
most commonly present in the spleen, pronephros, 
liver and gonads of fishes, they have never been 
reported in the thymus. Agius (1985) suggested that 
this may be due to a specialized vascular endothelium 
that protects this organ from haematogenous material. 
The occurrence of MMCs in the spleen and kidney of 
fish depends on several endogenous and exogenous 
factors. Increases in MMCs have been linked to 
immunization (Secombes et al. 1982), metabolic con- 
ditions (Roberts 1978) and stress (Blazer et al. 1987). If 
the stimuli required for the production of MMCs are 
cellular degradation products or foreign material, we 
could explain the increased MMC number in the 
handled group as a result of an increased catabolism 
due to the stress response. The increased MMC 
number in the A group (handled plus confined with 
the addition of an anaesthetic) would be due to both 
the stress response and to the presence of the anaes- 
thetic as a foreign material. On the other hand, 
pituitary-adrenal-axis activation due to anaesthetic 
treatment has been previously demonstrated (Molinero 
& Gonzalez 1995). 

The significance of this work was the determination 
of the effect of stress resulting from handling and 
confinement procedures common in aquaculture. Cir- 
culating leucocyte counts, often used as a parameter to 
assess the immunological health of fish, have been 
shown here not to accurately reflect the real health 
status of the fish because circulating levels of leuco- 
cytes are maintained by the immunological organs. 
Other studies in our laboratory have shown that in gilt- 
head sea bream differences in circulating lymphocyte 
numbers were noted between 3 and 9 d after acute or 
chronic disturbance (Sufier & Tort 1995, Suner et  al. 
1995, Tort et al. 1996). 

In summary the health status of the fish after a single 
disturbance is only temporarily affected. However, if 
consecutive disturbances occur before full recovery of 
the immunological organs, a stronger imrnunodepres- 
sion probably resulting in increased mortality rates 
is produced. The presence of an anaesthetic during 
transport does not modify the response of the organ. As 
a word of caution to those working with gilthead sea 
bream, fish should not be used or perturbed until at 
least 144 h (6 d) after handling and transport, when 
cellular recovery in the immunological organs is com- 
plete. A specifity test to assess the immune response to 
pathogens after the immunological changes produced 
by handling and handling plus confinement stress 
would be very important to assess the effect of han- 
dling and handling plus confinement on disease sus- 
ceptibility and survival. 
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