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The farming of shrimp has become a commercially successful global industry only during
the last twenty or so years. Global production in 1998 was estimated at 737,200 metric
tons (1). Unfortunately it has been stalled at or near this level for the last five years or so.
Some predictions are that the commercial cultivation of shrimp may increase to as much
as 1.6 million metric tons within the next decade (2). This, forecast, in light of the
problems of the last five years should be regarded as overly optimistic. Viral and
bacterial outbreaks have decimated the industries in Thailand (3) Taiwan, the Philippines,
Indonesia, Malaysia, China, India and recently Central and South America (4). The
White Spot Syndrome Virus is becoming pandemic in Central America and is Ecuador,
Peru and Colombia. There is little doubt that disease is the number one problem affecting

the economic viability and long-term sustainability of the industry.

From a management perspective, it is always better to prevent diseases rather than try to
deal with them once they occur. This fundamental difference is reflected in the use of
proactive disease management strategies versus reactive disease management strategies.
All to often, the failure to take simple precautions to prevent disease problems results in
disastrous and untreatable problems. Though there are many examples, the most recent
example of this is WSSV. It is widely felt that this virus has been spread throughout SE
Asia by the movement of infected animals in commercial trade. This scenario is being
played out again with the Taura Syndrome Virus (TSV) in SE Asia. It is causing
problems in Taiwan and is sure to spread to neighboring countries, all because of the lack

of a proactive stance towards the disease.



In retrospect, it may turn out that the current problems with WSSV in Latin America are
due to the same thing; the unrestricted movement of infected animals by commercial
enterprises. Fortunately, shrimp farmers in this hemisphere have learned from the
experiences of others and protocols intended to proactively manage the disease are being

implemented.

Monoculture of animals is conducive to the spread of disease and shrimp farming is no
exception.  The management and control of disease is widely felt to be the major
challenge to a sustainable industry. If the industry is to continue to grow and flourish,
then the control of disease becomes paramount. Enlightened management strategies and
cultural practices complemented by the use of a few essential tools will play an important

role in bringing this about.

An important set of tools are those that are used for the rapid identification and detection
of potential pathogens and for use in epidemiological studies designed to control the
spread of disease by identifying carriers, vectors, determining how the disease is
transmitted (vertical and/or horizontal), what levels of pathogen it takes to produce
disease, etc. A widely used technique with WSSV is based on the polymerase chain

reaction (PCR) (5).

Another set of tools are high quality diets and feed supplements that ensure that animals
receive critical nutrients required for optimum growth and to cope with stressful rearing

environments. Diets often contain the minimum levels of nutrients that have been found



to prevent dietary deficiency diseases under controlled laboratory conditions.
Supplementation of diets with those minerals and vitamins such as Selenium and

Chromium and Vitamins A, C, D and E can help.

A third group are those that can aid shrimp in defending themselves against disease
outbreaks, in this case WSSV. These are compounds with non-specific immune
stimulating properties. Since shrimp cannot be vaccinated, the use of these compounds

will play a critical role in ensuring sustained profitability.

Prior to focusing on the use of these compounds, it is essential to consider how important
the use of enlightened proactive management techniques are to ensuring the success of
any program using immune stimulants. With WSSV, prevention starts with the adults.
Though it is not widely believed that the virus can be vertically transmitted, published
information on this is sparse (6,7) and there are anecdotal reports suggesting that it might
have occurred. However, for the most part, it is felt that the cycle can be broken by the
use of disinfectants and copious water washing of eggs and nauplii, much as has been
done with MBV. It is important to disinfect both eggs and nauplii. The choice of the
disinfectant is not likely as important as is the use of an effective disinfectant.
Fortunately WSSV is very sensitive to iodine and chlorine containing compounds (8)

making it easy to kill surface borne viral particles.

Disease outbreaks are not just a simple matter of pathogenic organisms being present.

They are the result of complex interactions between the pathogen, the host and the



environment. Hosts must be susceptible to a pathogen and this is affected by genetics,
the physiological state of the host, the presence and affect of stressors on the host and the
quality of the environment that the animals are being reared in. The virulence of the
pathogen and a myriad of other factors that impact viral ecology are also instrumental in
determining whether a population gets ill. White Spot, as with all other infectious
diseases, is impacted by interacting variables that determine the outcome of the disease
process. In shrimp, genetic susceptibility, nutritional status, age and the presence of the
virus at the earlier life stages all seem to be critical in determining the ability to resist the

disease.

To date there is no evidence one way or another that tolerance to WSSV can be gained by
genetic selection. The closed cycle of L. vannamei is much more conducive to exploring
this than the open cycle with P. monodon, and within six months there should be some

indications as to whether this is technically feasible (personal observations).

Certainly the nutritional status of the animals is important to their overall ability to resist
any disease. This is widely documented with all animals and shrimp are no exception.
There is little doubt that the presence of the virus in stocked PLs significantly contributes
to the high degree of mortality seen with the virus (9). Much more work needs to be
done to better understand how to manipulate the viral ecology so as to minimize the load
of virus that animals are exposed to.

Many compounds have been found to have non-specific immune stimulating properties,

of which a dozen or more have been evaluated in fish and shrimp (10). The vast majority



of these have only been tested under controlled conditions in the laboratory and though a
number of them do provide benefits, field tests will be the deciding factor in determining
which ones find a niche in the market place. Only a few have been tested to determine if

they impact viruses, specifically WSSV.

Table 1. Compounds with purported immune stimulating properties in shrimp and/or fish

Laminarin Curdlan Chitosan Saponins
Barley Glucans Scleroglucan Beta 1-3 glucan Herbal extracts
Lactoferrin Zymosan Dextran Peptidoglycans
Levamisole Schizophyllan Lentinan MDP
Lipopolysaccharides | Inulin Krestin

It is beyond the scope of this paper to discuss these.

This paper focuses on those that have been found to impact viruses in crustaceans. Most
of the cell wall constituents. The group of compounds that has the greatest amount of
published data on their use in shrimp are structural components of the cell walls of gram-
negative bacteria. This group of bacteria includes the vibrios are the single most
important group of pathogens affecting commercially reared shrimp species (11).
Composed of lipids and carbohydrates, these cell wall components are often the first
structures that invading bacteria present to the hosts’ immune system. Classically
referred to as endotoxins, lipopolysaccharides or LPS have been the subject of thousands
of papers and are known to exert both specific and non-specific effects on the immune

system of many animals, and potent non-specific effects in crustaceans (12, 13).




The first reported studies of the impact of LPS on shrimp date back to the late 1970’s
with the first published observations in the early 1980°s. Crowder (14) reported on the
work of Lewis and Lawrence at Texas A&M in April of 1981. Post larval P. stylirostrus
were exposed to a dead suspension of a vibrio. Sixteen ponds were stocked, two with
treated animals. Four months later the ponds were harvested. The ponds that were
treated with the suspension had an 8-10% increase in production compared with the
controls. One hundred treated and 100 non-treated animals were brought back to the lab
and were temperature stressed in the lab. Mortality from the temperature stress was
much less in the treated shrimp. Groups of 100 animals were also exposed to a
pathogenic vibrio. It took almost 500,000 bacteria to kill each of the treated shrimp
compared with 5000 for the non-treated shrimp. Though critical experimental details
were not provided, this article marks the beginning of a series of experiments conducted
with dead suspensions of vibrio bacteria over the next two decades that have
demonstrated that LPS based materials exert a potent productivity increasing impact on

the culture of shrimp.

In 1983, Lewis and Lawrence (15) reported additional observations on P. setiferus. PLs
were exposed to a dead suspension of bacteria. The shrimp were stocked into 0.2-acre
ponds at 12,000 animals per pond. Six weeks post stocking animals were harvested,
weighed and sub groups removed for challenge. The mean weights for the three groups
of treated shrimp were 7.9, 11.5 and 11.7 grams, contrasted with 4.1 and 7.2 grams for

the two non-treated groups. The lethal dose of injected bacteria required to kill 50% of



the animals was more than 10,000 bacteria per animal for the treated group compared
with a little more than 10 per animal for the non-treated group or almost a 1000 fold
difference. The treatment resulted in substantially increased weights (presumably due to
increased growth rates and decreased disease susceptibility) and considerably increased
disease resistance to six weeks post-treatment. These first two studies showed that a
single exposure to a suspension of dead vibrio bacteria provided a six week to a four

month benefit under field conditions.

In the late 1980’s, Itami et al. (16) evaluated the impact of a dead suspension of vibrio on
the ability of P. japonicus to resist challenge with a virulent vibrio species. Groups of 8-
11 adult kumura prawns were immersed in a 1% suspension for 1 hour, sprayed for 10
seconds or injected with 0.1 ml per animal. Thirty days post exposure they were
challenged by injection. The results of the replicate studies are depicted in Figure 1.
Statistically significant levels of protection were noted in all three of the groups,

demonstrating that several routes of exposure could induce a protective effect.

Figure 1. Percent Mortality of Shrimp 30
Days Post Exposure
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In 1990 Song et al. (17) reported on tests with a dead suspension of V. vulnificus, milled
into feed at 0.1% (w/w). When fed to PL30 P. monodon, three times daily, for an
extended period of time, an increase in the rate of growth was noted. Their analysis of
protection failed. In 1991, Sung et al. (18) reported on the repetition of the immersion
portion of the trial and noted a stimulatory effect on growth from a single treatment at
PL13, though the animals were exposed to a 1:10 dilution of the bacterin, an impractical
dilution for most hatcheries. Their analysis of protection failed as well. Challenges can
fail for many reasons besides the lack of a protective effect (Newman-personal
observations). These include the route of exposure to the pathogen, the virulence of the
pathogen and the overall condition of the animals being challenged. Over and under

challenges can mask any protective benefits.

Itami and Takahashi (19) in 1991 investigated the ability of an orally delivered cell
suspension to impact survival of P. monodon. Vibrio cells were fed at 0.05, 0.5 and 5%
of the weight of a diet to zoeal stage larvae for four consecutive days. Those groups fed
the material all showed higher survival and molt rates to mysis. Since no analysis was
made of the presence of disease, the authors speculate that the cells may have contributed
to the enhanced survival in some undefined nutritional manner. Since vibrio strains
produce a variety of hydrolytic enzymes and contain a number of nutrients, it is possible
that some factor did contribute to an increase in the availability of a critical or critical

nutrients.



Itami et al. (20) published additional observations in 1992. Kumura prawns were
exposed to three different concentrations of a dead vibrio suspension, 0.1, 0.5 and 1%, for
five hours, and challenged by exposure to a virulent vibrio strain. A protective effect
persisted for at least 50 days. No statistics were provided.

In a second article (21), the authors reported on their results with several cell preparations
including ultrasonicated, heat-killed, cell-free and whole cell. They noted that all of the
preparations protected shrimp against challenge and observed that the active component
was a heat stable material located in the cells and in the culture broth-likely LPS. They
were unsuccessful with a challenge of animals that had been fed material and also noted

differences between bacterial strains as to the degree of protection from challenge.

The last few articles discussed dealt with lab-based studies, with the first few integrating
both lab and field based. There is little doubt that exposure to LPS does have a
significant beneficial impact both in the lab and the field on cultured shrimp. All of the
lab challenges have been with vibrios. It is likely that since this is a non-specific effect,

beneficial effects would have been noted with other pathogens, including viruses.

In 1992 Laramore (22) reported the results of field based studies in which post larval P.
vannamei were exposed to a killed suspension of a vibrio species. Figure 2 shows the
differential survival rates. Survival was followed through the nursery phase to harvest.
The average survival in four replicates was 77.4% for treated animals and 64.8% for
controls. This is a 12.6% difference or an almost 20% increase in survival. They also

noted a 23% increase in yields (Ibs/acre) in the treated groups. The differences noted in

10



survivals were no longer apparent at harvest (116 days post treatment) with survivals in
both groups being in the mid 80 percentile. If the benefit of the treatment were attributed
to an impact on disease, then high survivals would tend not to lend themselves towards
seeing a benefit; i.e., there were no disease problems that the treatment could have
protected the animals against. However the increase in yields persisted with the ponds
containing the treated animals displaying a 17% greater yield, suggesting that there may
have been an impact on the animals other than that of disease. Note that these

observations agree with those reported by Lewis (15).

Figure 2. % Survivals
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Dr. Laramore also reported on the results of testing performed in cooperation with the
Ministry of Agricultural Development (MIDA) (22), Panama in which PLs exposed to his
LPS preparation were directly stocked. These results are depicted in Figure 3. There was
a significant difference between the treated and non-treated groups with the difference in
average survival being almost 17%. These studies demonstrated that exposing shrimp to
dead suspensions of bacteria under field conditions resulted in a benefit in terms of

increased survivals and/or yields that persisted to harvest. In all of the field studies
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reviewed, the impact of these treatments on the actual incidence of disease can only be
speculated upon as no diagnostic work ups were done to determine if any of the observed
differences could be related to disease incidence. Nonetheless the increases in survival
and yields were statistically significant. The consistent increase in yields could be
attributable to a general overall increased resistance to disease or to other unknown
factors. The observation that when survivals were high, increases in survival did not
occur and that when survivals were lower there was a significant increase in survival is

similar to those noted in subsequent experiments reported by Newman et al. (10).

Figure 3. MIDA Study
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In the technical literature of International Aquaculture Biotechnologies Ltd., the results of
both an immersion treatment and an oral evaluation of a commercially available
suspension of vibrio were described in 1993 (Figure 4). P. vannamei PL’s were
immersed in a 1:1000 dilution of the suspension for 90 minutes and stocked. Nine groups

were treated and six were not. They were harvested 110 days later. Approximately 1.5
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million animals were in each group. In the treated group, survivals averaged 65.1%
compared with 51.8% in untreated controls. At this time oral evaluations were also done
(unpublished observations). Though the results were disparate, there was an indication
that three oral treatments (one in the nursery for three days) spaced 30 days apart for 6

days impacted the presence of vibriosis.

Figure 4. % Survival Panama 1993

70 65.1

60
50 o
40
30
20
10 A

With Control

Newman et al. (10) reported similar observations to those of Laramore using a

commercial product. The results are depicted in figures 5 and 6.

The experiments depicted in figure 5 took place in 2-hectare nursery ponds stocked at
high densities, 200-300 PL/m2. These observations were made at about 50 days post
stocking after an immersion treatment of three hours at a 1:1000 dilution. The average
difference in survival noted in the treated groups was 14.7% with an increase of 21%.
Figure 6 depicts the results of another study in nursery ponds. These results were from
nurseries located on a dead end reservoir and were made 28 days post stocking.

Discounting the group with the low survival (though there was still an increase in
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survival) there was an average difference of 18.5% and an increase in survival of 42%.

Note that in those experiments when the survival of untreated animals was at its highest,

Figure 5, experiments 1 and 3, in one of the groups the differences in survival between

treated and non-treated groups was relatively small. This could be accounted for by the

lack of a problem that the product could have had a benefit against. In experiment 2, this

was not the case. It was evident from these experiments that a single immersion exposure

could enhance survival

for at least 60 days post exposure in the field.

Figure 5. % Survival
Honduras Field Trials
100 87 87
83 - 78
80 | [ ] 53
59 62
60 |- i
39 O With
40 41— @ Control
20 -
0 :
1 2 3 Average
Figure 6. % Survival
Honduras Field Trials
100
80
80 69
64 58
60 45| |OWith
5]
40 2520 Control
Biln
0 : :
1 2 3 Average

14



These experiments were repeated using cages in grow out ponds. The results are
depicted in Figure 7. Two sites were examined, with differences in survival at one site of
28% and 8% at the other. At Aquacultivos de Honduras (AQH), the cages were placed
into a single pond at 40 animals per cage with 4 experimental cages and 4 controls. At
Granjas Marina San Bernardo (GMSB), a single cage was placed into a single pond.
There were three control and three experimental cages each containing 60 animals.
Survivals were determined at 56 days post treatment. As is apparent a single immersion

exposure to this material resulted in a substantial benefit 56 days later.

Fig. 7 Honduras Cage Trials 1995
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In late 1994 and early 1995, at a farm in the outskirts of Guayaquil, Ecuador a much
larger field experiment (Figure 8) was performed in which animals were followed to
harvest. Wild larval P. vannamei were treated at a 1:1000 dilution for 3 hours with a
commercial LPS preparation prior to being directly stocked. Nine groups with controls
were tested for a total of more than 20 million animals.  The average pond size was 10

hectares with survivals being about the same, in the 50-60 percentile ranges. The treated

15



animals weighed, on an average, almost 1 gram more at harvest. In six of the nine groups
there was a substantial increase in the average profit per hectare per day. One was the
same as the control and in two others the controls fared better. One of the best measures
of success is increased profit. There was a substantial cost benefit from using the
product and a solid indication that a variety of factors in the pond could be affected.
These experiments were repeated at the same farm and several others in 1996, 1997 and

1998 with similar results.
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In 1997 and 1998, International Aquaculture Biotechnologies Ltd., in conjunction with a
large farm in Honduras evaluated the ability of an LPS based material to protect shrimp
against the Taura Virus as determined by LC50s. The results are depicted in Figures 9
and 10. Groups of P. vannamei PLs were exposed to the LPS suspension and
subsequently exposed to a waterborne suspension of virulent TSV. Each data point

represents a replicate test. The data in figure 9 is based on the animals being exposed to

16



five different levels of tissue (corresponding to five different levels of virus) 24 hours
after being bathed in the LPS suspension. The data in figure 10 was generated after the
animals were held for 6 days post exposure. Both studies showed that the animals could
tolerate a greater level of exposure to the virus after they had been exposed to the LPS.
This effect lasted for at least six days and was substantial. ~ Twenty-four hours post
exposure to the LPS the PLs could withstand an average of 141% more tissue (virus) than
could the controls (figure 9). Six days post exposure to the LPS the PLs could withstand

an average of 89% more tissue (virus) than could the controls (figure 10).

Fig 9. Percentage Increase in
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Fig 10. Percentage Increase in
Tolerance to TSV
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Several additional observations showing a similar benefit from exposure to the LPS
preparation have also been made (10). This is likely a non-specific effect and a similar

result should be seen with any virus.

Horne et al. (23) published the results of an extensive evaluation on the use of dead
suspensions of vibrio for the control of vibriosis in P. monodon. Their observations were
consistent with those reported by previous authors. Their testing was extensive and they
reported significant protection by injection, immersion or by the oral route. When
animals were immersed in a 1:100 diluted suspension of their test material for 6 hours,
held in the laboratory for 60 days and challenged by injection, they reported a 38%
percent survival compared with 21% for controls. They also noted that oral
administration of their material, when tested 14 days post administration, conferred a
protective benefit (20% survival in controls and 30-70% in fed groups). When animals
were held in the field and challenged at 50 days post treatment they also noted a

difference between controls and treated groups. They concluded that a single immersion
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treatment conferred a benefit that lasted 4-6 weeks and that repeat oral treatments at 4-6
week intervals were required to maintain the protective effect. They also concluded that
LPS based treatments provided much higher levels of protection than did beta glucans in

a lab based challenge.

Almost all of the data presented so far has focused exclusively on exposing animals to a
single level of LPS early in their life cycle. The reports from field and lab observations
suggest that if animals are not under serious stress or being overwhelmed by a pathogen
that the short term (6 weeks or so) benefit from this single exposure will be sufficient for
a benefit through to harvest. It is however important to take a look at the best way to

extend this benefit and the following field trials were performed with this in mind.

In Thailand, early in the WSSV epidemic, an experiment was performed in which
juvenile P. monodon were exposed to LPS prior to stocking and then fed LPS top dressed
in the feed for 7 day periods at thirty day intervals for 90 days. The results are in figure

11. The 9.7% difference represents a 25% increase in survival.
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Figure 11. Percent Survival Thailand
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The data shows that there was a clear-cut benefit to the use of this approach. It is
noteworthy that though there may have been WSSV problems in some of these ponds the
overall survival was much higher than some farms have been reporting in Central

America in the face of the current outbreak.

Subsequent to this a large trial was conducted in Indonesia in which WSSV was a serious

problem. Success of this approach was measured on the basis of a difference in the

number of ponds that were affected with the virus (Figure 12).
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Figure 12. Indonesia Trials
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25

20

20

15
10

With Without

Out of 65 ponds treated with the LPS, only 3 developed WSSV contrasted with 2 out of
10 control ponds. As with the trial in Thailand though, the viral loads were clearly not as
high as they have been in outbreaks in Central America. Despite this, this data does
provide evidence that the virus can be impacted by this particular approach and offers
hope that with continued fine-tuning it may be possible to substantially increase survivals

in affected ponds.

At the same time that these trials were being run in SE Asia trials were being run in
Central America. At a large farm in Panama, three 10-acre ponds were fed a
combination of LPS and a commercially available glucan starting at 28 days post
stocking for one week on and one week off for most of the cycle. Fig 13 shows the
results in percent survivals. The ponds were matched as to the source of the PL’s,
location on the farm and the age and cycle of the ponds. The fed animals showed a 55%
increase in survival over those not fed. The animals were larger in the fed ponds, by
9.3%, and there was a 15.4% difference in yield. Based on current pricing of these

materials, they would have realized a 12-fold benefit on their investment.
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Fig 13. Oral Field Trials-Panama
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This farm had been experiencing some serious problems with a variety of pathogens and

the data suggests very strongly that there was a benefit from the oral treatment.

In 1998 these experiments were repeated in Ecuador on a larger scale, four ten hectare
ponds were fed and five were used as controls. Survivals were very high in both groups
and the differences noted were small, with one very important exception. All of the
control ponds were medicated repeatedly during the cycle while none of the ponds fed the
LPS/glucan combination were. These experiments are being repeated at this time and

early indications are that the effect is reproducible.

Devaraja et al. (24) reported that a combination of an LPS preparation and a yeast glucan
provided a greater degree of apparent immune stimulation than did either alone. They
observed a substantial elevation in an indicator of immune function in groups of shrimp

fed a combination of both compounds contrasted with those fed either one alone. This
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supports the field observations that the combination provides a strong benefit in terms of

increased survival.

CONCLUSIONS

We are in the early stages of trying to optimize the use of non-specific immune
stimulants in shrimp. There are many possible compounds and combinations that can be
evaluated. LPS based materials have proven that they can provide a benefit under many
conditions in both the field and under controlled laboratory conditions. More than twenty
years worth of tests have proven this. Further studies should address the effectiveness of
combinations of LPS and other materials in conjunction with compounds such as

fucoidans (25) or other materials with anti-viral properties.
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