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1. Introduction

The goals of the aquaculture industry are to optimize
growth and to produce high-quality fish. As in all farm-
ing, the outbreak of diseases in fish farming can be a
major concern. The high susceptibility of fish to stress
and the rapid spread of diseases in water have forced
aquaculturists to concentrate their efforts on maintaining
their fish in good health in order to achieve sustainable
economic performances. 
Growing healthy fish requires them to be able to develop
strong defence mechanisms against pathogen invasion.
These are the non-specific and the specific immune
response. The non-specific immune response is more
important in fish than it is in mammals. Improving the
immune response leads to a better vaccination efficien-
cy. Vaccines induce a specific immune response and an
increased capacity to kill the pathogens by non-specific
defence mechanisms. 
Several years ago, during the early development of the
salmon industry, antibiotics were commonly used in the
treatment of diseases. However, the consumption of
drugs has progressively been reduced owing in part to
environmental and regulatory concerns and in part to
increased resistance of pathogens. Furthermore, the
curative effect of oral drugs is minimised by the fact that
diseased fish frequently do not feed. The eradication of
major diseases by improved husbandry and vaccination

Figure 1:
Benefits of
nutritional prophylaxis
in aquaculture.

Nutritional prophylaxis
Vitamins, carotenoids, immunomodulators

Good Immune response Vaccination
management

Health status

Increased survival
and growth

has reduced mortality levels considerably. Although
some efficient vaccines against major diseases of finfish
are available today, others need to be improved in terms
of efficiency and duration of protection. Vaccines against
lethal diseases such as VHS and BKD have not yet been
developed.
Intensively raised fish may be exposed to stressful
situations which often result in a depressed immune
status. Good management practices reduce stress and
therefore help to maintain healthy animals. However,
since not all stressing situations can be avoided, fish with
enhanced defence mechanisms will be better prepared
to combat the negative effects of stress.
The nutritional quality of the feed is a major factor in
sustaining healthy fish. It has been shown that the
immune system can be enhanced by the use of
immunomodulators such as antioxidant vitamins,
carotenoids and other feed additives.
The combination of good management, vaccination and
nutritional prophylaxis will insure higher survival rates and
improve growth in intensive farming systems (Figure 1). 

This publication highlights the importance of vitamin C as
an immunomodulator and a key nutritional element in
modern fish farming in promoting optimal survival and
performance.
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2. The immune system of fish

Fish are the most primitive vertebrates and are an
important link between invertebrates and higher verte-
brates. They possess the non-specific defence mecha-
nisms of the invertebrates such as the phagocytic mech-
anisms developed by macrophages and granular leuko-
cytes, but were also the first animals to develop both
cellular and humoral immune responses mediated by
lymphocytes. The main lymphoid organs of fish are the
anterior kidney, the thymus and the spleen. In fish, non-
specific immunity is considered as the first line of defence
and represents a considerable part of the immune
response, in contrast to mammals.

When a pathogen penetrates the body, the non-specific
immune mechanisms may be sufficient to stop the
infection. If not, the disease will develop and the specific
immune mechanisms will also be involved. If the animal

survives, it will be protected  against re-infection by the
same pathogen, owing to the development of a specific
immunological memory. The immune memory in fish is
less developed than in mammals (Figure 2).

Non-specific immune mechanisms, defined also 
as natural or innate immunity, are host-defence
mechanisms which do not require a specific recognition
of the antigen as occurs in humoral and cell-mediated
responses of the specific defence (also called adaptive
immunity).

However, some functions of the non-specific response
are also involved in the specific response. 

Figure 2:
Non-specific and
specific immune
responses in defence
and protection of fish
against infection.

2.1 Introduction

Adapted from Roitt et al., 1989
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Table 1 presents the mechanisms involved in the non-
specific immune response. The primary line of defence
is the skin and mucus. When pathogens enter the body,
cellular and humoral non-specific defence mechanisms
are involved. The most important cells involved in this
defence are the phagocytes. They are helped by several

soluble factors such as complement and lysozyme.
There are also minor cell mechanisms (natural killer cells)
and a battery of soluble factors that intervene at various
levels.

Non-specific immune response

Natural barriers: Skin and mucus

When micro-organisms penetrate the body:

Cellular mechanisms:
Macrophage and neutrophil activities:

Chemotaxis
Phagocytosis
Pinocytosis
Killing: oxygen-dependent mechanisms

oxygen-independent mechanisms
Extracellular killing:

Natural killer cells
Eosinophils

Soluble factors:
Complement
Lysozyme
C-reactive protein
Transferrin
Lactoferrin
Ceruloplasmin
Lectins, natural agglutinins
Interferons

Table 1:
The mechanisms
involved in the non-
specific defence
system of fish.

2.2 The non-specific immune response
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Natural barriers

Skin and mucus
Fish have adapted to their aquatic environment by
developing efficient physical and chemical barriers such
as skin and mucus as a first line of defence. The skin
represents an important non-specific defence mecha-
nism to prevent micro-organisms from entering to the
body. The integrity of the skin is of great importance.
Wound healing is therefore much faster than in mam-
mals.

Another important barrier is the mucus, which helps in
preventing micro-organisms from entering to the body
through the skin, gills and gastrointestinal mucosa. The
mucus prevents bacteria from adhering to epithelial cells.
Furthermore, several components of the non-specific
immune response are found in the mucus, emphasizing
its importance as a first defence mechanism (i.e. 
natural antibodies, lysozyme, lysins, complement).



Figure 3:
Rainbow trout infected
with the parasite 
Ichthyophthirius multi-
filiis.
Source: T. Wahli and 

W. Meier, Fish Disease

Laboratory, University of

Berne, Switzerland.

Figure 4:
Healthy trout.


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Source: Roitt, 1988

Bacterium

Chemotaxis Adherence Membrane
activation

Initiation of
phagocytosis

FusionPhagosome
formation

Killing and
digestion

Release of degradation
products

1 2 3 4

5 6 7 8

Phagocyte

Granules

When micro-organisms penetrate
the body

When micro-organisms penetrate the body, the non-
specific immune system reacts with cellular mechanisms
and soluble factors.

Cellular mechanisms
Cells involved in non-specific defence mechanisms are
mainly phagocytes (monocytes/macrophages and gran-
ular leukocytes such as neutrophils). Phagocytosis is the
most primitive defence mechanism. Originally a nutritive
function in lower life forms, phagocytosis has evolved to
become solely a protective function in vertebrates.
Natural killer cells and eosinophils are also involved and
act via an extracellular killing mechanism. 

Macrophage and neutrophil activities
Chemotaxis is the process by which phagocytic cells
are attracted by various molecules and migrate to the
sites of inflammation, tissue damage or immune reac-
tions. Molecules known as chemotactic inducers are

either produced by the bacteria or are components of the
immune system, e.g. complement factors. Migration
inhibiting factors block the further migration of phago-
cytes when they are active at a site of infection.

Phagocytosis occurs when bacteria have adhered to
the surface of the phagocyte. It involves recognition and
attachment of a foreign particle, engulfment and
digestion.

A particle attached to the surface membrane initiates the
ingestion phase by activating an actin-myosin contrac-
tile system which extends pseudopods around it. As
adjacent receptors attach to the surface of the microbe,
the plasma membrane is pulled around the particle until
it is completely enclosed in a vacuole (phagosome).
Then, cytoplasmic granules fuse with the phagosome
and discharge their contents around the micro-organism,
which is subjected to a considerable battery of micro-
bicidal mechanisms. An overview of the mechanisms
involved in the phagocytosis is given in Figures 5 and 6. 

Figure 5:
Phagocytosis and
killing of a bacterium.
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Pinocytosis is a mechanism comparable to phagocy-
tosis but which is used in the internalisation of particles
smaller than for the phagocytosis. This phenomenon is

PHAGOCYTE

Figure 6:
Macrophages
ingesting yeasts
presented at different
steps of the phagocy-
tosis process.

Figure 7:
Vacuole formation by
endocytosis during
pinocytosis of small
particles.

characterised by the invagination of the membrane to
form a small vacuole by endocytosis (Figure 7).
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Killing: The killing of bacteria is characterised by oxygen-
dependent and oxygen-independent mechanisms.

Oxygen-dependent mechanisms (Figure 8): When
phagocytosis is initiated in case of a bacterial invasion,
there is a dramatic increase in the molecular oxygen
consumption by the phagocytic cells called the oxidative
burst. This oxygen is converted via the NADPH oxidase
system into superoxide anions, hydrogen peroxides,
singlet oxygen and hydroxyl radicals which are powerful
microbicidal agents. Furthermore, the combination of
peroxides, myeloperoxidase and halide anions constitute
a potent halogenating system capable of killing both
bacteria and viruses.

Oxygen-independent mechanisms: Low pH, lysozyme
and lactoferrin constitute bactericidal and bacteriostatic
factors which are oxygen-independent and can function
under anaerobic circumstances. Finally, proteolytic
enzymes and a variety of other hydrolytic enzymes digest
the killed organisms and degradation products are
released to the exterior.

Fish granulocytes kill extracellularly through the discharge
of their hydrolytic and oxidising enzymes rather than
intracellularly via phagosome-lysosome fusion as occurs
in mammals. In some fish species, thrombocytes have
also been demonstrated to have phagocytic properties.

Figure 8:
Oxygen-dependent
mechanisms leading to
bacterial oxidations.
The production of reactive
oxygen species is one of
the weapons that macro-
phages and granular
leukocytes use to fight an
infection. The NADPH-
oxidase system located in
the membranes of these
cells is activated in 
response to the penetra-
tion of the pathogen in the
organism. This enzymatic
system reduces the oxy-
gen in superoxide anion,
which produces by dismu-
tation hydrogen peroxide.
The release of myelo-
peroxidase by granular
leukocytes transforms
hydrogen peroxides into
hypochlorite leading to the
production of chloramines
and singlet oxygen. All
these reactive oxygen
species derived from
hydrogen peroxide are
highly oxidant for bacteria
and therefore very active
at destroying them.

respiratory burst

Oxidation of bacterial cell walls

HClO
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Myeloperoxidase
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Source: Deby, 1991
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Extracellular killing

Extracellular killing by natural cytotoxic cells and
eosinophilic granulocytes are minor cellular mechanisms
compared to phagocytosis. Natural cytotoxic cells have
antitumoral and antiviral effects while eosinophils are re-
quired for the killing of large pathogens.

Natural cytotoxic cells are involved in the killing of
virus-infected cells and act through the release of gran-
ules which will disrupt the membrane of the infected cells
and therefore inhibit the replication of the virus.

Eosinophils are required for the killing of large
pathogens such as some parasites which are too large
to be eliminated through a phagocytic process.

Soluble factors

Complement: The complement system consists of a
group of protein and non-protein components which are
involved in both non-specific and specific defence mech-
anisms.

The complement system can be activated along two
different pathways: 
- the alternative pathway which is initiated by contact

with certain microbial cell wall polysaccharides. It is
related to non-specific immunity.

- the classical pathway related to specific immunity will
be detailed in the related section.

Both pathways of complement activation involve a
cascade of enzymatic reactions resulting in the
opsonisation and/or lysis of foreign cells by disruption of
cell membranes.

The alternative pathway allows the elimination of invading
pathogens without the presence of antibodies. The func-
tions of the complement system related to non-specific
defence mechanisms are presented in Figure 9. The
complement allows the lysis of cell membranes from
numerous bacterial species. Some components released
following activation of the alternative pathway influence
the migration of phagocytic cells towards the site of
infection. This function is called chemotaxis. Other com-
ponents cover the bacteria and facilitate their adherence
to phagocytes and their subsequent killing by these cells.
The phenomenon is called opsonisation.

Lysis Chemotaxis Opsonization

Bacterium Phagocyte Bacterium

Complement

Adapted from Roitt et al., 1989

Figure 9:
Functions of the com-
plement system in the
non-specific immune
defences:
The complement system
is involved in the lysis of
bacterial cell membra-
nes. Some components
are also able to attract
phagocytes towards the
infection site (chemo-
taxis) while others facili-
tate the adhesion of
bacteria to the phago-
cytic cells (opsonisation).
Those functions related
to non-specific immunity
are also initiated by
specific immune mecha-
nisms.
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Lysozyme is an enzyme which is able to split
mucopolysaccharides from bacterial cell walls and there-
fore leads to the destruction of pathogens. Lysozyme is
mainly produced by phagocytic cells. It is  found in the
blood stream and is produced mainly in relation to the
development of an infection. The destruction of bacterial
cell walls by lysozyme facilitates their attack by the
complement system.

Other soluble factors include C-reactive protein, trans-
ferrin, lactoferrin, ceruloplasmin, lectins, natural agglu-
tinins and interferons. They are involved in non-specific
defence mechanisms of fish: C-reactive protein (CRP) is
an acute-phase protein found in the serum which in-
creases rapidly upon exposure to bacterial pathogens.
CRP reacts with molecules at the cell surface of
microorganisms. CRP acts as an opsonisation factor to
facilitate phagocytosis or activate the complement
system. Transferrin has a protective role in fish.  It is an
iron-binding protein which limits the amount of free iron
in the bloodstream, thus making it unavailable for bacte-
ria during infection. Lactoferrin produced by neutrophils
has a similar role to transferrin. Ceruloplasmin is an
acute-phase protein in mammal inflammatory process-
es, also described in fish. Lectins or natural agglutinins
are important in neutralising bacterial components

released by pathogens such as exotoxins or in immobil-
ising microorganisms. Hence, they facilitate phagocyto-
sis. Interferons are proteins produced during viral infec-
tions and increase the resistance of cells to viral invasion.

Most of the soluble factors are acute-phase proteins.
Their concentration could increase up to 100-fold
following an infection (Figure 10).

Figure 10:
The acute-phase pro-
teins are substances
found in the plasma
whose concentrations
increase dramatically
following an infection
Adapted from Roitt et al.,

1989.
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When an infectious agent penetrates the organism, non-
specific defence mechanisms are stimulated. Their sole
activation might be sufficient to stop the infection. If not,
the disease will develop, leading to the induction of
specific defence mechanisms. These will then lead to the
cure of the disease and the set-up of an immunological
memory, blocking the development of a new infection
caused by the same pathogen. 
One example of the development of specific immune
response is vaccination. The pathogen is introduced to
the organism in an attenuated way or killed in order to
avoid the outbreak of the disease but still with the ca-
pacity to initiate a specific immune response. This will
protect the organism for a certain period of time.
The cells involved in the specific immune response lead-
ing to the production of antibodies are macrophages
serving as antigen-presenting cells and lymphocytes
composed of two populations, T- and B-like lympho-
cytes. T lymphocytes have a role in cellular cooperation
(cell-mediated immunity) and B lymphocytes are the
antibody producers.
At the start of the antibody response, there is a certain
delay before the first specific antibodies appear in the

blood stream. During this lag phase, the antigens are
processed and cellular co-operation between antigen-
presenting cells and lymphocytes occurs.
The macrophages act as antigen-presenting cells in the
specific immune response. Their role is to process the
antigen and to present the processed antigenic determi-
nants in association with recognition molecules to the
lymphocytes.
Subsequently T lymphocytes are activated by interaction
with the antigenic determinants and factors secreted by
the macrophages (interleukin). The activated T lympho-
cyte also called helper cells stimulate the differentiation
and proliferation of B lymphocytes by secretion of inter-
leukins.
Depending on the circumstances, B lymphocytes will
develop into long-lived B memory cells or short-lived
plasmocytes. These plasmocytes secrete huge amounts
of specific antibodies (immunoglobulins) of type M. These
antibodies will bind or kill invading microorganisms
presenting the corresponding determinants (Figure 11).

Figure 11:
Specific immune
response: cellular 
co-operation and
antibody production.

Antigen

Macrophage

T lymphocyte

B lymphocyte

Proliferation

Help

Plasma cells

Antibody
production

Antibody
+ Complement

+ Antigen

Antigen lysis

2.3 The specific immune response
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Many factors can influence the immune response of fish.
Among them are stressors and environmental factors of
natural origin. Nutrients, micronutrients and substances
of no nutritional values can also modulate the immune
response. Depending on their type, the amount and the
duration of exposure, their effect can be either negative

or positive. Substances with immunostimulating proper-
ties can compensate the immunodepression caused by
other factors, e.g. the immunodepression caused 
by a stressor can be compensated by an increased
intake of vitamin C before a predictable stress event such
as grading (Figure 12).

Figure 12:
Factors influencing the
immune response.Temperature

Photoperiod
Seasons
(storm, typhoon,
hurricane)

Protein
          Lipids

       Antioxidant
       Vitamins
    Carotenoids
Heavy metals

e.g. Glucans, adjuvants

Management
Transport
 Stocking density

Water quality
   Pollution
      Handling

         Environ-
    mental
factors

Nutrients

    Micro-
nutrientsStressors

Immuno-
modulators other than

micronutrients

Immune
System

2.4 Factors influencing the immune response

The complement is involved in the specific
immune response through its classical pathway
of activation. The antibodies will stick to the
membrane of the pathogen. The activation of the
complement system is required in order to

process the destruction of the pathogen. This
classical pathway of activation of the comple-
ment system requires the contact of the antibody
with the membrane of the antigen in order to be
initiated.
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• Temperature: Fish are poikilotherms. Their physio-
logical processes are influenced by temperature. Major
defence mechanisms are temperature-dependent and
develop faster at the optimal temperature of the fish
species concerned. Low temperatures are known to
slow down all the metabolic processes including the
immune ones. However, high temperatures can also
depress the immune functions.
It would appear that antigen processing and cellular
co-operation between macrophages and lymphocytes
are temperature-sensitive. The normal function of fish
lymphocytes is highly dependent on homoviscous
adaptation of membrane lipids. Fatty acid composition
and environmental temperature are factors determin-
ing the fluidity and permeability of membranes as well
as the activity of membrane-associated receptors and
enzymes.

• Stress conditions influence the health status of the
fish. Immunodepression is known to be a major sec-
ondary effect in the response of an organism to stress.
Many situations such as transport, crowding, handling
and bad water quality can cause a stress response in
fish. The fish will react by secreting high levels of stress
hormones (corticosteroids) which are known to be
immunosuppressive. The stress response is accom-
panied by a lymphocyte depletion in blood and in
lymphoid organs.

• Pollutants and heavy metals are also known to have
detrimental effects on the fish immune system causing
various effects depending on the nature of the
substance. Drugs such as antibiotics can also be
immunosuppressive.

• A well-balanced diet is essential for adequate host
defence mechanisms as well as to optimise growth
and the eating quality of fish for human consumption.

• Micronutrients: Antioxidant vitamins such as 
vitamins C and E have been demonstrated to have
immunomodulatory properties when fed at elevated
doses. The presence of carotenoids in the diet has also
been demonstrated to improve the health status of
pigmented fish.

• Immunomodulators other than micronutrients:
Adjuvants are substances that when combined with
antigens enhance specific immune response in addi-
tion to non-specific defence response.
Generally adjuvants slow down the rate of antigen
elimination thereby prolonging antigen contact with
macrophages and lymphocytes and augmenting the
specific immune response. This is the principle of
adjuvanted vaccines.
An example of a feed additive with limited nutritional
value which is able to improve immune response is
glucan from yeasts.



17

3. Vitamin C and health status

Essential micronutrient
With the exception of perhaps two or three species,
vitamin C biosynthesis does not occur in fish due to the
lack of the last enzyme of the biosynthetic pathway: 
L-gulonolactone oxidase. Vitamin C must therefore be
supplied via the feed. Major signs of ascorbate deficien-
cy include reduced growth, scoliosis, lordosis, internal
and fin haemorrhage, distorted gill filaments, fin erosion,
anorexia and increased mortality (Figures 13 and 14).

Metabolic functions of vitamin C
Because of its modes of actions, vitamin C is involved in
several physiological functions including growth, devel-
opment, reproduction, wound healing, response to stres-
sors and possibly lipid metabolism through its action on
carnitine synthesis. 

Further, as discussed later, vitamin C plays a significant
role in the immune response and resistance to infectious
diseases of fish, probably through its antioxidant
properties.

• Vitamin C has no coenzyme functions, unlike other
water-soluble vitamins, but acts as a cofactor in many
reactions involving hydroxylating enzymes:

– collagen synthesis: collagen is an important compo-
nent of skin, bone, cartilage and endothelium of
blood vessels. Therefore, these tissues will be
damaged if the formation of collagen is impaired by
insufficient vitamin C levels in the body. The hydro-
xylation of specific prolyl and lysyl residues of
procollagen is catalysed by hydroxylases dependent
upon ascorbic acid: hydroxyproline residues con-
tribute to the stiffness of the collagen triple helix and
bind carbohydrates to form intramolecular cross-
links which give the structural integrity of the colla-
gen. Ascorbate deficiency also reduces complement
activity (the complement component C1q is rich in
hydroxyproline and hydroxylysine).

– catecholamine biosynthesis: the stress response is
primarily controlled by the endocrine system via
cortisol and catecholamines whose synthesis
depends upon ascorbic acid-dependent hydroxy-
lases. Ascorbic acid requirement is increased by
stressful situations. It can compensate for the stress-
induced down regulation of the immune system.

a

b

3.1 Vitamin C as a nutritional factor

Figure 13:
Vitamin C-deficient
rainbow trout showing
brocken back syn-
drome.

Figure 14:
X-ray of a healthy fish
(a) and a vitamin C-
deficient fish showing
deformed vertebrae
(b).




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• Vitamin C is also involved in other physiological pro-
cesses such as:

– tyrosine metabolism: the active degradation of
tyrosine is made via two oxidases which are vitamin
C-dependent. In turbot, vitamin C- deficiency causes
hypertyrosinemia and the excretion of tyrosine
metabolites.

– metal ion metabolism: vitamin C interacts with
several metallic elements of nutritional significance
(selenium) and reduces the toxicity of metals such as
cadmium, nickel, lead (the elements are transformed
into their reduced forms, which are absorbed less
and excreted more rapidly).

– protection of cells from oxidative damage and the
regeneration of vitamin E in its metabolically active
form.

– immune reactions: vitamin C affects immune func-
tions in different ways (protection against free radi-
cal-mediated protein inactivation associated with the
oxidative burst of macrophages, chemotaxis, stimu-
lation of proliferative response, antibody production
and interferon). Vitamin C helps to maintain the 
integrity of the immune cells through their protection
from oxidation and within the cells (high amount of
vitamin C stored in the immune cells).

Absorption of vitamin C 
The species that cannot synthesise vitamin C absorb
ascorbic acid by an active transport mechanism which
is Na+-dependent. This active uptake of vitamin C seems
to be very important at low doses while at high doses,
uptake by passive diffusion also occurs.
The uptake of vitamin C in cells such as lymphocytes,
neutrophils and mucocytes involves dehydroascorbic
acid because ascorbic acid cannot cross their mem-
brane. Once dehydroascorbic acid is taken up by the
cells, it is rapidly reduced to ascorbic acid by an intra-
cellular dehydroascorbic acid reductase. 
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

Figure 15:
Influence of dietary
intake of vitamin C on
macrophage ascorbic
acid (AA) concentration
in rainbow trout fed an
elevated dose of vitamin
C for four weeks.
(AAP = ascorbate
phosphate).
Verlhac et al., in prep..



Figure 16:
Liver vitamin C (AA)
content in relation to
dietary intake of the
vitamin in rainbow
trout.
Gabaudan et al., 1993.



Figure 17:
Ascorbic acid  (AA)
concentration in
various tissues of
rainbow trout.
Gabaudan and Verlhac,

1992.
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Tissue distribution of vitamin C 
Vitamin C is concentrated in many vital organs with active
metabolism. The concentration of vitamin C in various
tissues is related to the dietary intake of the vitamin
(Figures 15 and 16). Moreover, some tissues such as
brain, thymus and leukocytes accumulate high concen-
trations. In these tissues, ascorbic acid levels seem to be
retained longer in case of dietary vitamin C depletion
compared to storage organs such as liver.
An example of tissue distribution of vitamin C is given in
Figure 17. In this experiment, rainbow trout were fed
vitamin C as ascorbate phosphate at the dose of 200 mg
ascorbic acid equivalents per kg of feed. 

The very high levels found in thymus, brain and leuko-
cytes confirm the hypothesis of the importance of ascor-
bic acid in preserving vital tissues from oxidation
processes.
Liver and headkidney are important storage organs for
vitamin C in fish. The high level found in the headkidney
is likely to be related to the presence of lymphopoietic
tissues. Trunk kidney and spleen are also able to store a
large amount of vitamin C. Trunk kidney is the site of
chromaffin cells which are responsible for catecholamin
biosynthesis. Ascorbic acid is concentrated at the site of
catecholamin formation and it is released with newly
synthesized corticosteroids in response to stressors.
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The following tables are a literature review of the studies
concerning the effect of vitamin C on immune response
and disease resistance in fish. The order of the tables
concerning the immune response follows the organisa-
tion of the chapter concerning the description of the fish
immune system.

When a positive effect has been demonstrated,
the related study has been shadowed. The doses
(mg vitamin C/kg of feed) at which the effect has
been observed are written in bold characters.
Treatments without vitamin C supplementation
are normally not quoted in the tabels. The
references quoted with * are illustrated with
figures. 

3.2 Vitamin C and the immune response
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The non-specific immune response
Natural barriers:
Wound repair Species Feeding (weeks) Vitamin C doses Reference

Rainbow trout 24 50-100-200-400-1000 Halver, 1972
Rainbow trout 4 20-150-1000 Wahli et al., 2003
Coho salmon 24 50-100-200-400-1000 Halver, 1972
Channel catfish 16 30-60 Lim and Lovell, 1978

Cellular mechanisms:
Phagocytosis Species Feeding (weeks) Vitamin C doses Reference

Ingestion of latex beads Rainbow trout 12 120-1200 Blazer, 1982
Rainbow trout 10 200-1000 Verlhac et al., 1993
Rainbow trout 9 0-MRL for A, C and E Amar ez al., 2001

in combination with carotenoids

Ingestion of yeasts Rainbow trout 4 150-1000 Verlhac et al., in prep.*
Turbot 10 400-800-1200 Roberts et al., 1995
Turbot 18 400-800-1200 Roberts et al., 1995 

Injection of erythrocytes Atlantic salmon 26 50-310-2750 Hardie et al., 1991
Bagrid catfish 9 10-100 Anabarasu & 

Chandran, 2001

Ingestion of bacteria Channel catfish 20 30-60-150-300-3000 Li and Lovell, 1985

Pinocytosis Species Feeding (weeks) Vitamin C doses Reference

Rainbow trout 2 150-1000 Verlhac et al., 1997
Rainbow trout 4 150-1000 Verlhac et al., in prep.*

Macrophage chemotaxis,
adherence Species Feeding (weeks) Vitamin C doses Reference

Channel catfish 14 0-50-3000 Lim et al., 2000
with iron at 0 to 300 ppm

Bagrid catfish 9 10-100 Anbarasu &
Chandran, 2001



Figure 18:
Influence of vitamin C
on phagocytosis of
yeast cells by macropha-
ges from rainbow trout 
fed an elevated dose of
vitamin Cfor four weeks.
(AAP = ascorbate
phosphate).
Verlhac et al., non pub.



Figure 19:
Influence of vitamin C
on pinocytosis of neu-
tral red dye by macro-
phages from rainbow trout
fed an elevated dose of
vitamin C for four weeks.
(AAP = ascorbate
phosphate).
Verlhac et al., non pub.AAP 150 AAP 1000
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Killing: Oxidative burst Species Feeding (weeks) Vitamin C doses Reference

O2
– production Rainbow trout 2 150-1000 Verlhac et al., 1998

Rainbow trout 8 60-1000 Verlhac & Gabaudan, 1994

Rainbow trout 9 0-MRL-for A, C and E Amar et al., 2001

in combination with carotenoids

Rainbow trout 16 30-1000 Verlhac & Gabaudan, 1994

Rainbow trout 20 60-1000 Verlhac & Gabaudan, 1994

Rainbow trout 32 30-2000 Wahli et al., 1998

(combined with vitamin E)

Atlantic salmon 8 60-1000 Verlhac & Gabaudan, 1994

Atlantic salmon 26 50-310-2750 Hardie et al., 1991

Bagrid catfish 9 10-100 Anbarasu & Chandran, 2001

H2O2, 1O2, OH – Rainbow trout 2 150-1000 Verlhac et al., 1998

production Rainbow trout 2 150-1000-4000 Verlhac et al., 1996

(combined with glucan)

Rainbow trout 3 20-200-2000-4000 Verlhac et al., 1995*

Rainbow trout 4 60-2000 Dunier et al., 1995

Rainbow trout 8 60-1000 Verlhac & Gabaudan, 1994

Rainbow trout 16 30-1000 Verlhac & Gabaudan, 1994

Rainbow trout 20 60-1000 Verlhac & Gabaudan, 1994

Rainbow trout 32 30-2000 Wahli et al., 1998

Atlantic salmon 3 150-1000 Lygren et al., 1999

in combination with lactoferrin

Atlantic salmon 8 60-1000 Verlhac & Gabaudan, 1994

Natural cytotoxicity Species Feeding (weeks) Vitamin C doses Reference

Natural killer cell activity Rainbow trout 9 0-MRL for A, C, and E Amar et al., 2001

in combination with carotenoids
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c)Figure 20:
Influence of vitamin C
on oxidative burst of
macrophages from rain-
bow trout fed different
doses of vitamin C for
three weeks.
(AAP = ascorbate
phosphate).
Verlhac et al., 1995.
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Soluble factors
Species Feeding (weeks) Vitamin C doses Reference

Complement Rainbow trout 2 150-1000-4000 Verlhac et al., 1996

(alternative pathway) Rainbow trout 2 150-1000 Verlhac et al., 1998

Rainbow trout 4 150-1000 Verlhac et al., not pub.

Rainbow trout 9 150-MRL for A, C and E Amar et al., 2001

in combination with carotenoids

Lysozyme Rainbow trout 2 150-1000 Verlhac et al., 1998

Rainbow trout 2 150-1000-4000 Verlhac et al., 1996

Rainbow trout 3 20-200-2000-4000 Verlhac et al., 1995

Rainbow trout 9 0-MRL for A, C and E Amar et al., 2001

in combination with carotenoids

Atlantic salmon 3 150-1000 Lygren et al., 1999

in combination with lactoferrin

Atlantic salmon 36 40-400-2000-4000 Waagbø et al., 1993*

(surviving from infection)

Turbot 10 400-800-1200 Roberts et al., 1995

Turbot 18 400-800-1200 Roberts et al., 1995
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Influence of vitamin C
on headkidney lyso-
zyme activity in Atlantic
salmon fed elevated
doses of vitamin C for
thirty six weeks.
(AAP = ascorbate
phosphate).
Waagbø et al., 1993.



24

The specific immune response

Lymphocyte proliferation
Species Feeding (weeks) Vitamin C doses Reference

T lymphocytes Rainbow trout 2 150-1000 Verlhac et al., 1998

Rainbow trout 3 20-200-2000-4000 Verlhac et al., 1995

Rainbow trout 10 200-1000 Verlhac et al., 1993

Rainbow trout 16 30-1000 Verlhac & Gabaudan, 1994

Rainbow trout 20 60-1000 Verlhac & Gabaudan, 1994

Rainbow trout 32 30-2000 Wahli et al., 1998

(combined with vitamin E)

Rainbow trout in vitro increase Hardie et al., 1993

Rainbow trout parenteral increase Hardie et al., 1993

Atlantic salmon 8 60-1000 Verlhac & Gabaudan, 1994*

B lymphocytes Rainbow trout 2 150-1000 Verlhac et al., 1998

Rainbow trout 3 20-200-2000-4000 Verlhac et al., 1995

Atlantic salmon 8 60-1000 Verlhac & Gabaudan, 1994

Antigen-specific Rainbow trout in vitro increase Hardie et al., 1993

proliferation

Figure 22:
Influence of vitamin C
on lymphocyte
proliferation in Atlantic
salmon fed for two
months.
(AAP = ascorbate
phosphate).
Verlhac and Gabaudan,

1994.
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Antibody response
Antibodies to Sampling Species Feeding (weeks) Vitamin C doses Reference

time after before/after
vaccination vaccination

Y. ruckeri Kinetics Rainbow trout 2 150-1000-4000 Verlhac et al., 1996

8 weeks Rainbow trout 2 150-1000 Verlhac et al., 1998

Kinetics Rainbow trout 2 150-1000 Verlhac et al., 1998

Kinetics Rainbow trout 3/end 20-200-2000-4000 Verlhac et al., 1995

5, 7 weeks Rainbow trout 4/end 60-2000 Dunier et al., 1995

V. salmonicida 11, 17 weeks Rainbow trout 10/end 40-400-2000-4000 Waagbø et al., 1993*

V. anguillarum 4 weeks Atlantic salmon 12/end 50 to 2000 (vit E 350) Lall et al., 89

Kinetics Rainbow trout 28/end 100-500-1000-2000 Navarre & Halver, 1989

A. salmonicida 4 weeks Rainbow trout 12/end 50 to 2000 (vit E 350) Lall et al., 1989

E. ictaluri 3 weeks Channel catfish 9/end 30-60-150-300-3000 Li & Lovell, 1985

13 weeks Channel catfish 9/end 100-500-1000-4000 Liu et al., 1989

IHN virus 3 weeks Rainbow trout 6/end 20-80-320 Anggawati-S. et al.,1989

7 11
weeks after vaccination
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Figure 23: Influence of
vitamin C on serum
specific antibody levels
after vaccination
against cold water
vibriosis in Atlantic
salmon fed for ten weeks
prior to injection and until
the end of the experi-
ment.
(AAP = ascorbate 
phosphate).
Adapted from Waagbø et

al., 1993.
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Complement (classical pathway of activation)
Species Feeding (weeks) Vitamin C doses Reference

Rainbow trout (vaccinated) 2 150-1000 Verlhac et al., 1998

Rainbow trout 2 150-1000-4000 Verlhac et al., 1996

(combined with glucan)

Rainbow trout 3 20-200-2000-4000 Verlhac et al., 1995

Rainbow trout 8 60-1000 Verlhac & Gabaudan, 1994

Rainbow trout 10 200-1000 Verlhac et al., 1993

Rainbow trout 20 60-1000 Verlhac & Gabaudan, 1994

Rainbow trout 32 30-2000 Wahli et al., 1998

(combined with vitamin E)

Atlantic salmon 3 150-1000 Lygren et al., 1999

in combination with lactoferrin

Atlantic salmon 8 60-1000 Verlhac & Gabaudan, 1994 

Atlantic salmon (after infection) 20 50 to 2000 (vit E 350) Lall et al., 1989

Atlantic salmon 26 50-310-2750 Hardie et al., 1991

Atlantic salmon (before infection) 27 40-400-2000-4000 Waagbø et al., 1993

Atlantic salmon (surviving from infection) 36 40-400-2000-4000 Waagbø et al., 1993

Channel catfish 9 100-500-1000-4000 Liu et al., 1989

Channel catfish 20 30-60-150-300-3000 Li & Lovell, 1985
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3.3 Vitamin C and resistance to disease
Non-vaccinated fish
Disease Mode of Species Feeding (weeks) Vitamin C doses Reference

infection before/after
infection

Vibriosis I.p. Rainbow trout 28/end 100-500-1000-2000 Navarre & Halver, 1989*
Bath Rainbow trout 28/end 100-500-1000-2000 Navarre & Halver, 1989

ERMD Bath Rainbow trout 32 30-2000 Wahli et al., 1997
(combined with vitamin E)

VHS Bath Rainbow trout 32 30-2000 Wahli et al., 1997
Ich Bath Rainbow trout 8 0-50-2000 Wahli et al., 1995*

Rainbow trout 32 30-2000 Wahli et al., 1997
(combined with vitamin E)

IHN Bath Rainbow trout 6/end 20-80-320 Anggawati-S. et al., 1989

Vibriosis I.p. or bath Atlantic salmon 22 50 to 2000 (vit E 350) Lall et al., 1989
Furunculosis I.p. or bath Atlantic salmon 22 50 to 2000 (vit E 350) Lall et al., 1989

Bath Atlantic salmon 26 50-310-2750 Hardie et al., 1991
Cohabitant Atlantic salmon 27/end 40-400-2000-4000 Waagbø et al., 1993
+ i.p.
Cohabitant Atlantic salmon 3 + 1 150-1000 Lygren et al., 1999

without C/? (combined with lactoferrin)

ISA I.p. Atlantic salmon 3 + 1 150-1000 Lygren et al., 1999
without C/? (combined with lactoferrin)

Enteric Bath Channel catfish 8/end 25-50-100-1000-2000 Li et al., 1993
septicaemia Bath Channel catfish 8/end 100-250-500-1000-2000 Li et al., 1993

Bath Channel catfish 13/end 30-60-150-300-3000 Li and Lovell, 1985
Bath Channel catfish 14/end 60-150 Durve and Lovell, 1982
Bath Channel catfish 14 0-50-3000 Lim et al., 2000

(combined with lactoferrin)

Haemorraghic I.p. Bagrid catfish 9 10-100 Anbarasu &
septicaemia Chandran, 2001

Vaccinated fish
Disease Mode of Species Feeding (weeks) Vitamin C doses Reference

infection before/after
infection

IHN Bath Rainbow trout 6/end 20-80-320 Anggawati-S. et al., 1989
Enteric Bath Channel catfish 13/end 30-60-150-300-3000 Li and Lovell, 1985
septicaemia (100% vaccine efficiency)

I.p. Channel catfish 13/end 100-500-1000-4000 Liu et al., 1989
Haemorraghic I.p. Bagrid catfish 9 10-100 Anbarasu &
septicaemia Chandran, 2001

ERMD: Enteric redmouth disease
VHS: Viral heamorragic septicaemia
Ich: Ichthyophthiriosis
IHN: Infectious hepatic necrosis
ISA: Infectious salmon anemia
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Figure 24:
Resistance of non-
vaccinated rainbow
trout against ichthyo-
phthiriosis in relation to
dietary vitamin C.
Wahli et al., 1995.

Figure 25:
Resistance of non-
vaccinated rainbow
trout to vibriosis in
relation to dietary vitamin
C at three infection
doses. Navarre and

Halver,1989.
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4. Practical guidelines for

vitamin C administration

Roche vitamin supplementation guidelines are designed
to provide optimum vitamin nutrition under typical indus-
try conditions.  The concept of optimum vitamin nutrition
presented in figure 26 indicates vitamin allowances lead-

Color Change Indicates the Extent that
Influencing Factors are Offset by Increasing
Vitamin Level

Direct factors – Stressors on animal:
Disease
Confinement
Restricted feeding
Antagonists
Air quality
Temperature

Indirect factors – Variations  of levels in feed-
stuffs:

Bioavailability
Stability
Quality of feedstuffs

4 'Sub-optimum' intake relates to supplementation
levels, which typically meet or slightly exceed the NRC,
ARC and other officially published vitamin recommen-
dations. These levels should prevent sub-clinical defi-
ciency signs under good conditions (however, with
stress and diseases, sub-clinical deficiency might
occur),but are by no means adequate to permit opti-
mum health and productivity.

5 'Optimum' intake offsets negative factors influencing
animal health and performance, thus allowing to take
advantage of the performance potential of modern
animal breeds.

6 'Special applications' levels of vitamin supplemen-
tation are safe, and focused in improving certain
attributes e.g. meat quality and immunity.

Figure 26:
Optimum Vitamin
Nutrition concept.

Legends

1 'Vitamin Allowances' describes the total quantity of
vitamins from all dietary sources, i.e., natural content
of the feedstuffs plus supplementation.

2 'Average animal response' refers to any average
productivity or health response of animals to vitamin
intake, i.e. growth rate, feed efficiency, reproductive
performance, welfare, health or immunity.

3 'Deficient' or 'marginal' vitamin intake means a level
of supplementation below the requirements published
by NRC, ARC and other officially published vitamin
recommendations. Such vitamin supply puts animals
at risk of developing clinical deficiencies and disorders
resulting from inadequate vitamin intake. 

ing to an optimisation of the overall animal response
(growth, feed efficiency, reproductive performance and 
immunity).

Optimum Vitamin Nutrition concept

Total vitamin intake from all sources in the diet

Average animal response

1

2

3

4 5 6
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Species Recommended
vitamin C level (mg/kg feed)*

Salmon 150-250
Trout 150-250
Carp 150-250
Tilapia 150-250
Catfish 150-250
Seabream/seabass 150-250
Eel 150-300
Shrimp 250-500
* Vitamin C-activity in phosphorylated form

Based on findings on the influence of vitamin C supple-
mentation on immune response and on increasing field
experience in this important area of fish nutrition, the
following vitamin C levels are recommended whenever

Species Dose (mg/kg)* Duration
Salmon 2–4 weeks before
Trout 1000 and at least
Catfish 2 weeks after
* Vitamin C-activity in phosphorylated form

Frequency
This feeding regime should be repeated whenever the immune system is challenged.

Since no vitamin C synthesis occurs in fish, they are
dependent on a vitamin C supplementation via the feed.
To optimise stability of vitamin C during feed production
and storage as well as bioavailability in the fish, the use
of vitamin C in phosphorylated form is recommended.

Based on the combination of experimental results
obtained in several controlled studies and field expe-
rience, the following general inclusion rates of vitamin C
in feeds for aquaculture species are recommended:

the immune system is challenged (stressing situations,
e.g. handling and grading, vaccination, winter wounds,
disease outbreaks and release of smolt into the sea) and
after reduced intake during winter:

Combining the general vitaminC-recommendations
with those for optimal health status enables the fish to

achieve optimum health and productivity as described in
the concept for Optimum Vitamin Nutrition.

General recommendations for vitamin C in fish

Vitamin C for optimal health status
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