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PCR testing viable for distinguishing pathogenic APHND-
competent strains

Reports have been issued over the past several years regarding the presence of acute hepatopancreatic necrosis disease
(AHPND) in various countries. Today we know the AHPND-causing strains of Vibrio parahaemolyticus can occur in the
anterior digestive tracks of shrimp at a cell density below the detection limit for polymerase chain reaction (PCR) tests
without causing disease. For PCR detection of these subclinical carriers, modification of how shrimp are processed
following collection from ponds or tanks make a difference to the detection sensitivity of the PCR test process.
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Juvenile shrimp were preserved in ethanol before dissection and further processing in the laboratory.

PCR primers

Molecular testing by PCR has been employed since 2013 for the detection of AHPND V. parahaemolyticus. Over the past
two years, improved PCR primers that specifically target DNA sequences in the genes that code for the Pir toxins were
developed in the laboratories of Dr. Timothy Flegel in Thailand and Dr. Donald Lightner in Arizona, USA. Additionally,
commercial PCR detection kits are readily available for AHPND diagnosis.

A study by the authors examined the utility for improved PCR detection of AHPND-competent V. parahaemolyticus in
asymptomatic and otherwise healthy-appearing shrimp from ponds where disease was not apparent by permitting
sampled shrimp to expire and decompose for several hours prior to ethanol preservation.

Study parameters

The study applied three PCR primers. Primer set Vpldh reacts with DNA sequences in a gene marker for lecithin-dependent
hemolysin, which is specific for V. parahaemolyticus. Primer set AP4 is a nested PCR detection method with greater
sensitivity that was updated from Flegel’s earlier AP3 test. AP3 detects the Pirlike ToxA and ToxB genes, as does the
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primer set VpPirAB reported by Han and co-authors. These genes code for the protein toxins that are the direct cause of
AHPND in shrimp.

Samples of shrimp were randomly collected by cast netting in four ponds on a farm in Latin America where intermittent
mortality of shrimp had been previously observed. Shrimp mortality was not observed at the time the samples were
collected.

For each pond, one batch of shrimp was collected and identified as O, P, Q and R. From each batch, two groups of shrimp
were sampled and tested. Group 1 (01, P1, Q1, and R1) consisted of a larger number of individual shrimp sacrificed quickly
by injection, followed by immersion in 95 percent ethanol.

Group 2 shrimp (02, P2, Q2, and R2) were gathered and placed outside the ponds, where they were allowed to expire. The
Group 2 shrimp where held at room temperature to decompose for four to five hours prior to preservation of individual
shrimp by injection and immersion with 95 percent ethanol.

Two of the ponds sampled contained Pacific white shrimp (Litopenaeus vannameij) and two held black tiger shrimp
(Penaeus monodon). The four ponds were stocked at different times, so the shrimp sizes varied among the ponds,
although all of the shrimp were juveniles. The numbers of individual shrimp are listed by species and processing method
in Table 1.

Species Preserved immediately Preserved after decomposition
Litopenaeus vannamei 33 16
Penaeus monodon 51 16
TOTAL 84 32
G . Sample Status Weight PCB tl'est. PCB jl'est. Ec():sFilt;l\-lees::
roup Species Count . at. ) Posmvis. Posnlvoes. VpPirAB
Fixation Vpldh (%) AP4 (%) %)
01 L. vannamei 18 Live 0.3 16.7 0 0
02 L. vannamei 8 Dead 0.3 100 37.5 122.5
P1 P. monodon 21 Live 1.5 14.3 0 0
P2 P. monodon 8 Dead 1.5 100 100 100
Q1 P. monodon 30 Live 2.0 16.7 0 0
Q2 P. monodon 8 Dead 2.0 87.5 0 0
R1 L. vannamei 15 Live 4.5 3.3 0 0
R2 L. vannamei 8 Dead 4.5 25.0 0 0

Laboratory processing

At the PCR laboratory, each shrimp was processed as an individual sample. For the smaller shrimp (Groups 01-2, P1-2, Q1-
2), the heads were severed from the tails, and the eyes were removed, leaving the main portions of the heads. The heads
were processed further for PCR testing.

The shrimp of larger size (Groups R1-2), were individually dissected. Their stomachs and hepatopancreases were removed
and processed further for PCR testing as individual samples. The DNA extracted from each shrimp was assayed with the
three primer sets.
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Results

As shown in Table 2, the shrimp in Group 1 (01, P1, Q1 and R1) had been fixed live. The PCR results showed between 3.3
percent and 16.7 percent were positive by Vpldh, and none were positive by VpPirAB and APA4.

For Group 2 (02, P2, Q2, and R2), in which shrimp were allowed to decompose before fixation, between 25 percent and 100
percent of the individual shrimp sampled positive by Vpldh. However, zero, 12.5 percent and 100 percent were positive by
VpPirAB, and zero, 37.5 percent or 100 percent were positive using AP4 primers.

Interpretation

The PCR test data demonstrated a number of things. First, the Vpldh primer results indicated that non-AHPND V.
parahaemolyticus was common flora in the pond environment on the farm because it was present in some of the shrimp
sampled from the four ponds.

Second, in Group 1, no shrimp tested PCR positive by the VpPirAB or AP4 primer sets in the samples from the four ponds.
This outcome demonstrated that shrimp sampled and sacrificed shortly after collection gave PCR test results that would
be compatible with an interpretation that AHPND-competent V. parahaemolyticus was either not present in the shrimp
sampled or was below the detection level for the PCR primers applied.

Third, the decomposition of Group 2 shrimp prior to ethanol preservation provided a means to increase the prevalence of
shrimp that were PCR positive for the three primer sets. Moreover, decomposition improved test sensitivity for the AHPND-
competent V. parahaemolyticus, as two of the four pond samples tested positive.

Fourth, in this study, the findings indicated the AP4 primer set was a bit more sensitive than the VpPirAB set for detection
of AHPND-competent V. parahaemolyticus.

The simplest explanation for improved PCR test results was that decomposition provided the nutrient substrate to support
bacterial multiplication. This resulted in increased biomass of the bacteria in the shrimp carcasses, which provided
sufficient DNA for the PCR primers to react and provide a positive test outcome.

Recommendations

PCR testing is a viable method for distinguishing between pathogenic APHND-competent and benign strains of V.
parahaemolyticus. For circumstances in which asymptomatic shrimp will be sampled and tested by PCR for the
pathogenic V. parahaemolyticus, the authors recommend the removal of the stomach and hepatopancreas from each
shrimp and their inoculation in suitable bacteriological media for five to 12 hours prior to sample preservation in ethanol.
Optionally, following collection from the pond, shrimp should be set aside to decompose for at least five hours before the
individual shrimp are injected with ethanol for fixation. These preliminary steps prior to ethanol fixation will markedly
improve the sensitivity of PCR detection of AHPND-competent V. parahaemolyticus.
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