
62      July/August 2009      global aquaculture advocate

Every animal – be it a sponge or a 
whale – possesses some form of immunity. 
The differences between animals’ immunity 
systems are a function of complexity. 

Vertebrates such as fish have evolved 
complex immune systems that allow the 
animals to produce proteins known as 
antibodies that are specifically targeted to 
seek structural components of potential 
pathogens. White blood cells coordinate 
this production and allow memory of the 
initial encounter to ensure more rapid 
response to subsequent encounters. 
Mammals have even more intricate sys-
tems, although many of the underlying 
mechanisms overlap. 

Invertebrates, including shrimp, have 
also evolved sophisticated immune sys-
tems, although they do not produce anti-
bodies and lack the ability to remember 
prior exposure to a pathogen, a critical 
component of long-term protective 
immunity. Shrimp are thought to have 
only non-specific immune systems. 

Shrimp Immunity Research
Many published reports demonstrate 

the ability of various materials to enhance 
protective immunity in shrimp against 
challenges with virulent organisms under 
laboratory conditions. These materials 
typically are based on carbohydrate, 
(sugar) and include but are not limited to 
beta-glucans derived from yeast and 
fungi, lipopolysaccharides derived from 

gram-negative bacteria, peptidoglycans 
derived from gram-positive bacteria and a 
variety of sulfated polysaccharides derived 
from algae. Some protein-based materials 
may be protective, as well, although stud-
ies often have not shown that these mate-
rials were free of contaminating materials 
such as the aforementioned carbohy-
drates. Research is ongoing in this area. 

Some of the earliest studies trying to 
protect shrimp against the bane of shrimp 
aquaculturists, pathogenic vibrios, were 
done using crude whole bacterial cell wall 
materials – essentially formalin-inactivated 
whole cell suspensions. The suspensions 
were found to provide a protective benefit 
against laboratory challenges, although 
the exact mechanisms for the observa-
tions are still not clear.

In the early 1990s, the first commer-
cially available immunity-enhancing 
product was marketed by International 
Aquaculture Biotechnologies Ltd. 
(IABL) and extensively tested. Over the 
course of the product’s lifetime, the limi-
tations for products of this nature became 
evident. 

Some of the observations made both in 
published and non-published literature were 
that the protective benefit was not specific to 
the bacterial species contained within the 
product. In fact, a protective effect against 
viruses was observed. It was also noted that 
the duration and intensity of the effect were 
highly variable. Since the early products were 
applied primarily in the water, re-exposing 
animals was problematic. 

With the advent of the yeast-based 
materials (mainly beta-glucans), this 
problem was addressed through applica-
tion via feed. However, the same issues 
regarding the duration and intensity of 
the effect remained, and it soon became 
apparent that constant oral application 
had potential limitations. 

Lab-Testing Limits
One of the problems with laboratory-

based testing of these products is that this 
approach is not well suited to shrimp cul-
ture. Typically, shrimp are exposed to a 
pathogen in a clean laboratory environ-
ment free of stressors, where the only 
pathogenic assault is from the specific 
pathogen being tested. 

Enhancing Immunity
Tools For Protective Immunity In Farmed Shrimp

Shrimp have sophisticated immune systems, but the systems do not support long-term 
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Summary:
Shrimp have developed sophisti-
cated immune systems, but they 
do not produce antibodies and 
therefore do not remember prior 
exposure to pathogens, a critical 
component of long-term pro-
tective immunity. Reports have 
shown the ability of various ma-
terials to enhance protective 
immunity in shrimp against path-
ogenic challenges under labora-
tory conditions. The decision 
to use these products must ulti-
mately come down to cost and 
risk-benefit analyses.
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health management
The real world environment is com-

pletely different. It is very difficult to 
determine the impacts of repeated expo-
sures to pathogens under the stressful 
conditions of production ponds. 

The factors that impact survival in the 
field are complex and often not easily dis-
cernable. In fact, few shrimp farms can 
identify with certainty the underlying 
causes of mortality in a population 
throughout a production cycle. 

While some diseases are easy to diag-
nose, many farms lose significant portions 
of their populations without seeing signs of 
disease or high levels of mortality. Given 
this situation, how can one determine in 
the field that a product really delivers a pur-
ported protective benefit to animals? 

Cost-Benefit Decision
Ultimately the decision to use these 

products must come down to cost and 
risk-benefit analyses. Normal variable 
survivals in shrimp ponds make it a bit 
cumbersome to use correlative statistics 
to determine that something is providing 
a benefit. Furthermore, the absence of a 
scientifically valid model that explains the 
mechanisms of protection further clouds 
the issue. 

Large-scale field trials with billions of 
animals and hundreds of ponds over the 
course of years were required for IABL to 
“prove” that a U.S. $0.05/1,000 postlar-
vae cost resulted in a 1 to 8% increase in 
survival. However, when highly virulent 
pathogens such as white spot syndrome 
virus or a newly mutated Taura syndrome 
virus strain struck, this cost benefit was 
lost. The observation that survival is 
higher in ponds containing animals 

exposed to non-specific immune stimu-
lants cannot be consistent, as many fac-
tors impact survival. 

Maintain Perspective
It is not unreasonable to assume that 

as culture practices evolve, farmers 
become more adept at minimizing stress 
and genetic programs yield more stress- 
and pathogen-tolerant animals, a number 
of immunity compounds will show indis-
putable real world benefits. Until then, 
farmers should maintain a healthy degree 
of skepticism and recognize that physio-
logical limitations in shrimp immune sys-
tems and fundamental components of the 

production process are critical in deter-
mining the outcome of a given disease 
process.

While there is little doubt that a vari-
ety of materials can bolster the ability of 
shrimp to withstand some disease pro-
cesses, the widespread use of “kitchen 
sink” mixtures of high-priced non-spe-
cific immune stimulants is probably not 
cost-beneficial. Some less-expensive 
compounds that add only a few dollars to 
the cost of a ton of feed, however, present 
little financial risk in return for potential 
benefits in shrimp health.

Although application via feed has improved the practicality of immunity enhancers,  
issues regarding the duration and intensity of their effects remain.


