






over a wide range of diseases (bacterial, 
viral and parasitic) and under different trial 
conditions, the addition of nucleotides to 
the diet of fish significantly improves their 
ability to resist disease.

2: IMMUNE RESPONSES

Fish

Innate Immunity
Sakai et al. (2001) described a number 

of effects of nucleotides on the innate 
(non-specific) immune system. Components 
of the alternative complement pathway, 
lysozyme activity, phagocytosis and anion 
production in the head kidney of carp 
were all increased, although Burrells (2001) 
failed to show any effect on the oxidative 
burst in the head kidney of Atlantic salmon. 
Detailed work by Low et al. (2003) in 
turbot recorded a decrease in lysozyme 
activity in some organs, including the kidney, 
but a significant increase in the amount 
of Interleukin1-β produced. The picture 
therefore varies between fish species 
and probably, according to experimental 
conditions. However, it is clear that RNA/
nucleotides can have a significant effect on 
these important components of immunity.

Humoral Immunity
Lymphocyte activity in general has been 

found to be higher with a RNA/nucle-
otide supplement but the most pronounced 
effect is on immunoglobulin production. The 
work of Ramadan and of Burrells, reported 
in sections below, indicates enhancement of 
antibody production and this is reflected in 
enhanced protection. The precise mecha-

nism of this enhancement  has not been 
clarified in fish but the inability of immune 
cells to produce purines efficiently, essen-
tial when disease challenge requires rapid 
multiplication and differentiation, is one 
possible explanation.

RNA/
nucleotides 
and Stress 
Reduction 

The release 
of cortisol 
under condi-
tions of stress 
has marked 
inhibitory effects 
on a number of 
important physi-
ological path-
ways related to 
disease response. 
It may result in 
immunosuppres-
sion, reduced 
feed intake, 
reduction in 
growth rates and 
increased sus-
ceptibility to dis-
ease (Anderson, 
1996). The work 
of Burrells 
showed that 
exogenous RNA/
nucleotides were 
very effective in 
maintaining the 
health of young 
salmon (smolts) 

during the stressful period of transfer to 
seawater; he deduced that a reduction in 
cortisol levels was the likely cause of this 
reduction in stress. Growth and survival 
in smolts maintained on a supplemented 
diet around the period of transfer was 
significantly better than controls. This was 
established by Leonardi et al. (2003) who 
showed that salmon, stressed by infection 
with IPNV, had lower cortisol levels than 
control fish that were not fed exogenous 
RNA/nucleotides. Although the mechanism 
through which the nucleotides function 
is not clear, it is clear that supplementary 
feeding with RNA/nucleotide enriched diets 
offers a means of reducing stress both at 
sea-transfer and in other stressful on-farm 
processes such as ectopic treatments and 
vaccination.

Shrimp
Crustacea, such as shrimp, have an 

immune system that is primarily, if not 
entirely, dependent on mechanisms which 
fall into the innate immunity category. 

Table 3: Effect of nucleotide supplemented feeds on Penaeus monodon under field 
conditions (Thailand)

Parameter Unit Control Treated % Change

Trial 1  - 110 days
Final 
Weight g 20 25 25 p≤0.01

Feed 
Conversion 1:x 1.65 1.2 27.3 p≤0.01

Survival % 70 80 14.3 p≤0.01

Trial 2 – 87 days
Final 
Weight g 12.5 15.4 23.2 p≤0.01

Survival % 65 90 38.5 p≤0.01
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Although words such as ‘vaccine’ are 
occasionally used for simplicity, the two 
basic requirements of the immune system 
that allow this terminology to be used, 
namely the presence of antibodies and the 
induction of immune memory, are absent.

For this reason compounds that 
are used widely in shrimp to stimulate 
immune mechanisms, including those 
referred to as ‘vaccines’, function either 
as immunopotentiators or nucleotide 
supplements.

Experiments and trials with RNA/
nucleotides have established both protection 
against disease and enhanced growth 
rates. The collection of data in large-scale 
trials with shrimp is notoriously difficult, 
however, and many data do not stand up to 
rigorous statistical analysis. Moreover, not 
all nucleotide products perform equally, as 
shown in trials where a direct comparison 
has been made.

Early, unpublished data from laboratory 
trials by Appelbaum indicated that growth 

in Litopenaeus vannamei was markedly 
increased by regularly feeding with 
nucleotides and also survival when infected 
with Whitespot virus.

Under field conditions in Thailand, 
both weight and survival benefits were 
reported in shrimp trials conducted over 
the complete shrimp cycle of 110 days (in 
one case) and 87 days (in a second case) 
(Promchaiwong, 1995 unpublished).

Achupalas, in a large scale field trial in 
Ecuador, where five ponds were treated 
with a RNA/nucleotide supplemented diet 
and six ponds maintained on standard 
diet as control, showed that the survival 
rate improved by 5.9 percent and feed 
conversion by 9.8 percent. However, in this 
trial, the differences observed in growth 
rates were not statistically significant.

Extensive and detailed data have been 
collected by Hertrampf, Mishra and Krishna 
from trials in India.

In the first of these trials, using only 
30 shrimp per replicate, both survival and 
growth were significantly better in the 
treated groups under conditions where 
regular changes in salinity were used as an 
additional stress factor. 

The second trial was carried out on 
‘pond-scale’.  One pond containing 75000 
post larval (pl) shrimp was allocated as a 
control and another, containing 100,000 pl, 
as the treatment group for which the diet 
was supplemented with 0.2 percent RNA/
nucleotide. Throughout the trial, there were 
again wide variations in salinity which would 
have created stress conditions in the two 
ponds. The trial was continued for 98 days.

3: COMPARISON OF 
NUCLEOTIDE PRODUCTS
Nucleotide products vary according 

to the processing method used in their 
manufacture and the degree of purity 
achieved. Although a degree of performance 
enhancement can be accomplished with 
many of the crude yeast extracts marketed, 
when these are directly compared with 
highly purified nucleotides in the same 
experiment, a significant difference is seen. 
This difference in performance has been 
demonstrated in both shrimp and salmon 
in commercial, farm-scale trials.

Shrimp
3000 Litopenaeus vannamei at PL-30 

were each distributed at random into one of 
three commercial ponds designated Control, 
RNA/nucleotide (1) and RNA/nucleotide 
(2)  and grown for 84 days. At the end 

Table 5: Effect of nucleotide supplemented feeds on Penaeus monodon,  
Hertrampf et al (2004)

Parameter Unit Control
Treated

02.% RNA/
nucleotides

Number 75000 100,000

Initial Weight g 0.01 0.01

Final Weight g 12.5 13.8

Difference 100 109.8 p≤0.05

FCR* 1:00 2.02 1.51 p≤0.05

Mortality % 32 28.3 p≤0.05

Body Portion** % 59 62.8 p≤0.05

*Food consumption per hectare was 13.1% lower in the treated pond

** only the body portion is consumed 

Table 7: Effect of nucleotide 
supplemented diets on survival of 
Litopenaeus vannamei

Treatment Survival  (% ± sd)

Control 65.70 ± 4.28

RNA/
nucleotide (1) 69.95 ± 6.11

RNA/
nucleotide (2) 63.78 ± 6.11

Table 4: Effect of nucleotide supplemented feeds on Penaeus monodon, Mishra et al (2002)

Parameter Unit Control

Treated Treated

0.1% 
RNA/
nucleotides

0.2% 
RNA/
nucleotides

Number 30 30 30

Replicates 2 2 2

Initial Weight g 6.96 6.96 7

Final Weight g 12.46 13.44 13.9 p≤0.05

Difference 100 117.8 124.7

FCR 1:00 3.24 2.38 2.21 p≤0.05

100 73.5 65.4

Mortality % 46.7 6.7 6.7 p≤0.05

100 14.3 14.3
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of the trial period, 5 percent (50) of the 
individuals in each cage were removed for 
measurement; the rest were harvested for 
market. RNA/nucleotide (1) comprises >95 
percent purified nucleosides, a form which 
promotes easier adsorption in the gut and 
the balance of the purified components is 
adjusted according to the ratio ‘preferred’ 
by the target species. RNA/nucleotide (2) is 
a less pure product where no adjustment to 
the ratio of components has been made.

The RNA/nucleotide (1) showed a 6.6 
percent growth advantage (p ≤ 0.05) over 
the RNA/nucleotide (2) product. In both 
weight and length, shrimp fed the RNA/
nucleotide (2) product were smaller than 
the control, standard diet shrimp although 
this difference was not significant at the 5 
percent level. 

A similar picture was seen in survival, 
assessed at the end of the trial period from 
the number of individuals harvested.

The survival rate in RNA/nucleotide (1) 
treated shrimp was significantly different 
from the RNA/Nucleotide (2) although 
not significantly different from the control. 
The control and RNA/nucleotide (2) were 
insignificantly different from each other.

4: ENHANCEMENT OF 
VACCINE PERFORMANCE

Salmon
The performance of a vaccine may be 

improved at different moments in the 
immune on-set process and is normally 
achieved by using an adjuvant that is part 
of the vaccine formulation. Adjuvanting 
may improve 
recognition of the 
antigen, the level 
of protection 
eventually achieved 
and the length of 
time for which this 
protection lasts. 
Similar effects may 
be achieved by the 
application, during 
the vaccination 
process, of external 
treatments and 
it has been 
shown that 
RNA/nucleotides 
administered in 
feed can act in this 
way.

Ramadan et al (1994) fed RNA/
nucleotides to tilapia before and after 
vaccination against Aeromonas hydrophila 
and compared their survival with that 
of unvaccinated fish and fish vaccinated, 
but not fed RNA/nucleotides. Significantly 
higher antibody titres were seen in 
nucleotide treated fish (humoral response) 
and in macrophage, migration inhibition 
(cell mediated response). These measures 
translated into superior protection of the 
treated fish, when challenged with live 
Aeromonas hydrophila, 
2352 degree days after 
vaccination.  

The data show, 
as expected, that the 
injection method of 
vaccination confers 
better protection. 
With injection, 
both treatments 
(standard vaccinates 
and RNA/nucleotide 
fed vaccinates) give 
a significant level 
of protection. The 
nucleotide-fed fish 
outperform those on a 
standard diet (2 v 3), although the difference 
is not significant (P ≤ 10.1%), probably due 
to the small numbers used.

The difference, however, becomes 
marked when compared to immersion 
administration. Here, vaccinates that do not 
receive nucleotides are no better protected 
than non-vaccinates (1 v 2); the RNA/
nucleotide fed fish are protected significantly 

better than those on the standard diet (2 v 
3). This indicates that the use of nucleotides 
may have a significant adjuvanting effect 
when used in conjunction with commercial 
immersion vaccines, such as those widely 
used for salmonid fry, bass, bream and other 
fish too small to be injected.

Burrells et al (2001) evaluated the 
performance of commercial furunculosis 
(Aeromonas salmonicida) vaccines 
administered to Atlantic salmon that had 
been fed RNA/nucleotides in the diet for 

three weeks prior and five weeks after, 
vaccination. Serum antibody titres and 
survival after viable challenge were used 
as performance indicators. Compared with 
salmon maintained on a standard, non-
RNA/nucleotide diet, the treated salmon 
had a significantly higher specific antibody 
titre. Five weeks after vaccination, the 
mean group titre of specific antibody in fish 

fed for eight 
w e e k s 
with the 
n u c l e o t i d e 
d i e t 
(1/144) was 
s igni f icantly 
g r e a t e r 
(P≤0.05) than 
that of the 
control fish 
(1/60). 

S u r v i v a l 
a f t e r 
challenge was 
s igni f icantly 
higher in 
v a c c i n a t ed , 
c o m p a r e d 
with non-

Table 6: Effect of nucleotide supplemented diets on growth of 
Litopenaeus vannamei

Treatment
Weight 
(Mean ± 
sd)

Length 
(Mean ± 
sd)

FCR 
(Mean ± 
sd)

Control 10.577 ± 
1.833

10.553 ± 
0.630 1.39

RNA/
nucleotide 
(1)

11.273 
±1.743

10.399 ± 
0.633

1.19 (p ≤ 
0.05)

RNA/
nucleotide 
(2)

10.572 
±1.661

10.543 ± 
0.594 1.39

Table 8: Blood antibody titres (Passive Haemagglutination Units) following vaccination by direct 
immersion and intramuscular injection of Tilapia fed a standard diet or a RNA/nucleotide 
supplemented diet

Time (Days) Immersion Injection

Calendar Degree Standard Nucleotide Standard Nucleotide
0 0 0 0 0 0

14 392 0 0 5.6 7.2

28 784 4.8 5.6 12.8 22.4

42 1176 5.6 11.2* 19.2 64.0*

56 1568 8 17.6 51.2 166.4**

70 1960 11.2 48.0*** 57.6 409.6***

84 2352 6.4 25.6*** 44.8 153.6*

1.     Significance at 0.05% (***); 1% (**); 5% (*); each data point mean of 5 serum samples

2.     Diet inclusion rate 5g / kg.

3.     Water temperature 280C
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vaccinated, fish whether on RNA/
nucleotide or standard diet, indicating 
the high performance of the vaccine 
used. The nucleotides enhanced the 
survival rate of the vaccinates but, 
due to the high performance of the 
injectable vaccine and the size of the 
experiment, this difference was not 
significant. 

In the non-vaccinated group of fish 
fed the control diet, mortalities first 
occurred at 11 days post-challenge and 
rose steadily to a cumulative total of 38 
percent at 36 days post-challenge. At this 
time, mortalities in the vaccinated group 
fed the control diet had been significantly 
reduced to six percent (P≤0.05), a relative 
percent survival (RPS) of 84 percent, as 
a consequence of the vaccination. In the 
group of fish fed the RNA/nucleotide 
diet for three weeks before and for 
five weeks following vaccination, no 
further mortalities occurred after day 
11 and these remained significantly lower 
(P≤0.05) than the non-vaccinated group 

at just two percent throughout the period 
(RPS 95%). However, because of individual 
tank variation, this further reduction in 
mortalities was not significant. 

When weights were recorded 3 weeks 
after feeding, the RNA/nucleotide diet fish 
had a mean weight 5.4 percent greater than 
fish fed the control diet, although this was 
not shown to be significant. By the time of 
the challenge, five weeks after vaccination, 
the same fish were 14.9 percent heavier 
(82.5 g) compared to the controls (71.8 g). 
This was significant (P≤0.001). At the end 
of the study, the mean weight of the fish 
previously fed RNA/nucleotide diet (121.4 

g) was still 8.7 percent higher than those 
on the control diet, 111.7 g,  throughout 
(P≤0.05).

As in the trials of Ramadan, it is clear 
that there is an adjuvanting effect of RNA/ 
nucleotides when used in conjunction 
with vaccines. However, where an efficient 
injection vaccine is used, especially one such 
as the powerful oil adjuvanted furunculosis 
vaccine used here, statistical significance of 

the added effect of the RNA/
nucleotides can be seen only 
in a large scale 
trial where the 
numbers allow the 
treatment effect to 
be separated from 
background error.

However, where 
injection vaccines 
are used that have 
lower performance 
than the modern, 
oil adjuvanted, 
i n j e c t a b l e 
furunculosis vaccines, for 
example IPNV, or where only 
an immersion vaccine can 

be administered, for example fry vaccines, 
the advantage conferred by the use of the 
RNA/nucleotides may well be sufficient to 
improve the performance of the vaccine to 
an economic level and confer a worthwhile 
level of protection not possible without 
them.

5: NUCLEOTIDES AND 
IMMUNOPOTENTIATORS 
ARE FUNDAMENTALLY 
DIFFERENT IN THEIR MODE 
OF ACTION
The action of RNA/nucleotides in 

ameliorating disease is fundamentally different 

from that of immunopotentiators, such as 
β-glucans, lipopolysaccharide, zymosan and 
others. Clearly this distinction will depend 
partly on the definition of immunopotentiation 
that is used. True immunopotentiators target 
mechanisms of the innate immune system 
such as complement activation, phagocytosis 
and cytokine secretion in a general way not 
related to any specific disease or antigen. 
They are therefore frequently used to boost 
immune reactivity and improve resistance 
in order to improve survival rates during 

the culture cycle. This stimulation is artificial 
and does not depend on the presence of an 
external source of infection.

The role  of  RNA/nucleotides is 
well described. There may be some 
immunostimulation effects but the role of 
RNA/nucleotides is ‘supporting’ immune 
responses once they have been naturally 
activated by an external stimulus such as 
disease. This support is via the provision of 
essential metabolic components (purines and 
pyrimidines) required in large quantities by the 
responding cells.

Nucleotides are a natural component of 
the diet of animals and, when not adsorbed 
in an immune response, are used elsewhere 
in metabolism. On the other hand, the 
external provision of substances that 

Table 10: Statistical significance of data points

Immersion

1 v 2 Control v. Vaccinates ns

1 v 3 Control v. Vaccinates + 
Nucleotides ***

2 v 3 Vaccinates v. Vaccinates 
+ Nucleotides **

Injection

1 v 2 Control v. Vaccinates ***

1 v 3 Control v. Vaccinates + 
Nucleotides ***

2 v 3 Vaccinates v. Vaccinates 
+ Nucleotides ns

Significance at 0.05% (***); 1% (**); 5% (*); Fisher’s Exact 
Test

Table 9: Protection, after viable challenge, of non-vaccinated, vaccinated and nucleotide-fed 
vaccinated fish following viable challenge with Aeromonas hydrophila. (n=50)

Controls (1) Vaccinates (2) Vaccinates (3)

Parameters (Non-vaccinates) (Normal Diet) (RNA/Nucleotide Supplement)

Immersion Injection Immersion Injection

Mortalities 49 44 12 29 5

Survivors 1 6 38 21 45

% Morts 98 88 24 58 10

RPS - 10 76 41 90

1.     RPS is Relative Percent Survival {1- (% vaccinated morts / %control morts)} x 100

2.     Challenge was 2352 degree days (84 calendar days) post vaccination
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stimulate the immune system artificially, as 
do immunopotentiators, has inherent dangers. 
The principal use of immunopotentiators in 
aquaculture is in crustacea which do not possess 
mechanisms that allow them to respond to 
vaccination in the same way as higher animals. 
Smith et al. (2003, Fish Shellfish Immunology 
15(1) 71-90) reviewed the published data of 
their use in crustacea. Much of the data, after 
statistical analysis, was seen either to be invalid 
or not to support the conclusions claimed. On 
the contrary, the use of immunostimulation as 
a routine procedure was occasionally found to 
be damaging. The innate immune system is able 
to respond rapidly and effectively to infection 
by switching on gene pathways which enhance 
the secretion of certain cytokines, complement, 
agglutinins, precipitins, interferon etc. Constant, 
artificial stimulation of these parts of the innate 
immunity, in the absence of infection, may 
induce feedback mechanisms and promote 
imbalances in systems that are ‘programmed’ 
to respond only when required. The release of 
potent cytotoxic agents such as lysins, reactive 
oxygen species and others, may damage the cell 
itself, particularly in the open circulation system 
typical of crustacea.

The provision of genuine immunostimulators 
throughout the growth cycle is expensive and 
may be detrimental, nevertheless it has been 
claimed that their provision at times of stress 
and when disease is anticipated, may be of 
benefit. There is a clear distinction between 
this family of compounds and RNA/nucleotides 
since nucleotides may be provided as a normal 
component of the diet which, in the absence of 
stress or disease, are metabolised in non-disease 
related pathways, with beneficial rather than 
detrimental effects. However, in the presence 
of disease, they are readily incorporated into 
the immune response pathways with proven, 
advantageous effects.

6: COMMERCIAL 
RNA/NUCLEOTIDE 
PREPARATIONS DIFFER 
SIGNIFICANTLY
The means of preparation and, in 

particular the degree of purity of commercial 
RNA/nucleotide products, differ and this has 
been shown to be a significant factor in the 
performance obtained both experimentally 
and under field conditions. The highly 
purified products, although generally more 
expensive, consistently outperform those 
of a lower grade. The proportions of the 
nucleotides in the product have to be 
adjusted to ratios determined to be the 

most appropriate for the target species.
Extensive research with salmon was 

conducted by an aquafeed manufacturer 
(unpublished, 2004/5). In a direct comparison 
with three other diets, the diet supplemented 
with purified RNA/nucleotides was 7 percent 
superior to the nearest competitor. In a 
second trial, a direct one-to-one comparison 
with a diet supplemented with unpurified 
nucleotides, salmon fry over a five week 
period grew 15.3 percent better on the 
purified RNA/nucleotide diet.

In other parameters measured, villous height 
in the intestine was significantly better at all time 
points, and osmoregulation (determined by 
blood chloride concentration) and non-specific 
immunity (measured by lysozyme production) 
were also superior in the diet supplemented 
with purified RNA/nucleotides compared with 
the less pure forms.

It seems clear that the extra cost of 
purifying nucleotide supplements and adjusting 
the ratio of the bases gives consistent 
performance that is significantly better than 
unpurified forms or simple yeast extracts.
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