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Understanding of shrimp biology and target pathogens is
crucial
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After years of research and experience, the shrimp-farming industry has established production
systems that prevent or at least reduce infectious disease risks. The systems are built upon the
establishment of speci�c pathogen-free (SPF) animals and a biosecure farming environment. Both
approaches require the absence of pathogens and rely heavily on the implemention of effective
diagnosis systems to ensure the systems work properly.

Polymerase chain reaction
In recent years, rapid advancements in biotechnology and microbiology have provided numerous
innovative options in diagnostic tools for viral diseases. Among them, polymerase chain reaction
(PCR)-based detection has developed into the most popular choice, due to its high degrees of sensitivity
and speci�city. What’s more, PCR-based diagnostic reagents for the major viruses that signi�cantly
affect shrimp production – White Spot Syndrome Virus, Yellow Head Virus, Taura Syndrome Virus,
Infectious Hypodermal and Hematopoietic Necrosis Virus, Gill-Associated Virus, Monodon Baculovirus,
and Hepatopancreatic Parvolike Virus – are all available commercially.

 Presently, PCR-based detection systems are applied to three main areas in the shrimp-farming industry:

The prevention of disease outbreaks during the production cycle, especially in screenings of
broodstock and fry.
The establishment of founding stocks for SPF shrimp domestication and monitoring of any
subsequent viral infections.
The screening of shrimp stock, postlarvae, or fresh-frozen products for the presence of viral
pathogens in quarantine services.

Further detection needs
While PCR is a very useful method, its current technology does not ful�ll several important testing
needs.

Simple on-site testing
Reliable PCR diagnoses are sometimes di�cult to obtain due to the unavailability of equipment or
skilled technicians. For example, most small-scale farmers, who routinely purchase broodstock or
postlarvae from outside sources, generally do not have the capacity to set up their own PCR labs, and
must rely on services provided by professional labs. However, in some cases, such labs are not reliable
or easily available. Simple and reliable on-site tests that farmers can perform by themselves could help
meet many testing needs.

While fast, conventional rapid tests usually were designed based on immunology. Antibodies and
immuno-based detection kits in the rapid test format are available for viruses such as WSSV, YHV, and
TSV. However, the best commercial immuno-based technology is 1,000-10,000 times less sensitive than
nested-PCR. Rapid tests are helpful in con�rming the presence of disease in heavily infected shrimp,
but not reliable for detecting low-level infections or carriers. Nucleic-acid direct hybridization technology
has similar sensitivity limitations.

While useful for several types of tests, polymerase chain reaction
requires the use of an expensive programmable thermal cycler (right).
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Large-scale, multiviral detection
In other circumstances, multiviral diagnostic results may be required in a limited time frame, such as in
quarantine services for importing/exporting operations or SPF animal production facilities.

New detection technology

Isothermal nucleic acid ampli�cation 

A review of the latest detection technologies based on biosciences will �nd that various instrument-free
extraction procedures, isothermal ampli�cation strategies, and instrument-free data assay procedures
are all becoming approachable. Isothermal ampli�cation is particularly interesting because all its
reactions are carried out at a �xed temperature. It eliminates the need for the thermocycler, expensive
equipment that multiplies DNA in PCR systems through repeated DNA denaturation, and primer
annealing and elongation.

Several isothermal ampli�cation strategies, including nucleic acid sequence-based ampli�cation, three-
way junction ampli�cation, and rolling circle ampli�cation, have become available recently. Like PCR,
these technologies have the power to speci�cally amplify nucleic acid signals, and are hence
potentially capable of detecting viral pathogens at levels of sensitivity similar to nested PCR.

Combining these isothermal ampli�cation technologies with simple nucleic acid extraction procedures,
it is possible to create an equipment-free diagnostic system with high degrees of sensitivity and
speci�city suitable for on-site applications. Detection kits for WSSV, TSV, and IHHNV that use the
system are expected to be on the market within about six months.

Multiviral diagnostic kits
As international trading of broodstock and fry becomes more frequent, and newly emerging viral
diseases continue to be identi�ed, multiplex systems that can detect several patho-gens in one single
test become more important. A PCR-based multiplex detection system for WSSV and IHHNV has been

This mini hybridization oven was specially designed for multiviral
biochip-based kits. The chip to right indicates the subject shrimp was
infected with IHHNV and TSV.
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available for more than two years. However, it was not widely accepted, due to unexpected interactions
among primers in the detection process and di�culties in data interpretation.

A new multiplex product that combines a total nucleic acid extraction technique, a sensitive and
speci�c multiplex nested RT-PCR procedure, and a clear-cut biochip assay resolves these problems. The
test is capable of simultaneously detecting the three most important viral pathogens for L. vanna-mei: 
WSSV, IHHNV, and TSV.

An example of the diagnostic results using the biochip system is shown to left. Note that adoption of
the low-density biochip simpli�es data reading, which is performed simply with the naked eyes. This
product is particularly welcomed by the quarantine services and shrimp importers who need to routinely
screen for multiple viruses and usually demand the results in a very short time.

Conclusion
No matter how far bioscience and technology advance, the keys to successful diagnostic systems for
shrimp viral diseases center on an understanding of shrimp biology and target pathogens. Fortunately,
signi�cant progress has recently been made in these areas.

A clearer picture for the development of better strategies to deal with viral diseases, in terms of both
diagnosis and cures, may emerge in the near future. For the time being, the application of all available
technologies and resources, the establishment of proper standards and regulations by governing
authorities, and strict industry adherence to protocols are critical to win the war against shrimp
pathogens.

(Editor’s Note: This article was originally published in the August 2003 print edition of the Global
Aquaculture Advocate.)
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