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ABSTRACT

Acute hepatopancreatic necrosis disease (AHPND) is a disease in shrimp caused by
infection with toxic Vibrio strains, predominantly Vibrio parahaemolyticus, that harbor a
plasmid containing the binary toxin genes pirA and pirB. This disease not only causes
significant damage to the aquaculture industry but can also lead to antibiotic misuse, which
poses environmental risks. Because the essential genes responsible for Vibrio ‘s pathogenicity
(pirA/B) are located on the plasmid, detection of AHPND based solely on the presence of
Vibrio parahaemolyticus alone is not accurate, as it does not assess whether the bacteria carry
a plasmid containing the pirA/B genes. Currently, the PCR method using the AP3 primer, the
standard method for detecting AHPND-causing Vibrio in Vietnam (TCVN 8710-19:2019), is
a single-step PCR method with limited sensitivity. Thus, a new high-sensitivity nested PCR
method was developed in this study for early AHPND detection by targeting the toxin genes.
The AP5 primer set was specifically designed for amplification of the pirA-pirB region in the
pVPA3-1 plasmid (GB: KM067908.1), with product size of 1,970 bp for the 1* round and 433
bp for the 2™ round of amplification, respectively. The adjusted concentration of outer primers
was 0.3 pmol/uL. The optimized annealing temperatures for the outer primers and inner
primers were 69 °C and 70 °C, respectively. Optimized reactions can detect as few as 10°
plasmid copies per reaction. The sensitivity of this method was 100 times higher compared to
PCR with AP3 primers and 1,000 times higher compared to AP4 method. Such a significant
improvement in sensitivity opens up the possibility of developing these optimized reactions
into a commercial kit that would enable the direct detection of AHPND using samples with
low bacterial loads, such as larval shrimp and farming pond water.
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1. INTRODUCTION

Acute Hepatopancreatic Necrosis Disease (AHPND) is a devastating disease in shrimp
caused by bacterial strains of Vibrio, most commonly Vibrio parahaemolyticus, that carry
toxic genes [1]. The disease was first discovered in China in 2009 and subsequently detected
in other countries: Vietnam and Malaysia (2011), Thailand (2012), Mexico (2013), the
Philippines (2015), and South America (2016)—coinciding with the start of intensive shrimp
farming. Shrimps infected with AHPND often lose their appetite, crowd at the pond edges,
and develop a pale hepatopancreas. Histopathological examination reveals cell detachment in
the hepatopancreas, gastrointestinal tract, especially concentrating in the major blood vessels
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that supply nutrients to these organs. The cellular detachment in the hepatopancreas and gut
leads to the formation of acute infectious areas, progressing to severe stages in the final phase,
ultimately causing shrimp death due to an inability to digest food [2]. This disease causes
significant losses in the shrimp industry, leading to a sharp decline in global and regional
shrimp production. The economic damage is estimated at around 7 billion USD annually [3].
In Vietnam, the affected area accounts for 2% to 57.2% of the total shrimp farming area [4].
Besides economic losses, the disease also has negative environmental consequences due to the
large quantities of antibiotics and drugs used in pond water. Detecting the causative agent is
essential for selective breeding, pond treatment, and preventing disease spread.

Vibrio parahaemolyticus bacteria are common in water environments; however, not all
strains cause disease. Only those carrying plasmids with toxic genes can cause AHPND in
shrimp. Moreover, some other species within the Vibrio genus, when harboring toxic
plasmids, can also cause this disease [1, 5, 6]. Therefore, culture-based methods on selective
media merely detect the presence of Vibrio parahaemolyticus populations but do not precisely
identify the pathogenic strains. Currently, most methods for detecting AHPND are molecular
biology techniques based on the presence of pathogenic gene sequences. Several PCR-based
methods have been developed and used. The AP1 and AP2 PCR methods were the first
designed to detect Vibrio parahaemolyticus, but because the primers AP1 and AP2 target
regions at the plasmid boundary, their results are not entirely accurate [7]. The PCR method
with primers for AP3 [8] has high specificity; however, this pair amplifies only the pirA region
and cannot distinguish strains with mutations or deletions in the pirB gene that cause loss of
toxicity. The nested PCR method with primers AP4 [9] enables detection of pirA and pirB
genes with high sensitivity but produces many nonspecific products. Realtime PCR offers high
sensitivity and specificity but requires expensive equipment and complex protocols. This study
develops a new nested PCR assay (APS5), which amplifies both toxic genes pirA and pirB,
offering high sensitivity and conditions suitable for most laboratories in Vietnam.

2. MATERIALS AND METHODS
2.1. Materials

Chemicals used for plasmid DNA extraction and the nested PCR reaction include 2X My
Taq Mix (Bioline, UK), 6X GelRed Buffer (ABT, Vietnam), 100 bp ladder (Bioline, UK), 1
kb ladder (Bioline, UK), deionized water (ABT, Vietnam) and other basic common chenicals
in molecular biology. The Vibrio parahaemolyticus strains carrying plasmids with toxic genes
were supplied by the Aquatic Biotechnology Department, Ho Chi Minh City Center for
Biotechnology.

2.2. Methods
2.2.1. Primer design

Primers were designed wusing Primer-BLAST  software from NCBI
(https://www.ncbi.nlm.nih.gov/tools/primer-blast) based on the plasmid pVPA3-1 sequence
(GenBank accession number KM067908.1). The pVPA3-1 plasmid, measuring 69,168 bp, has
been proven to carry the toxic genes responsible for AHPND in shrimp [5]. The outer primers
were designed within the region spanning nucleotides 15,046 to 20,580, covering pirA, pirB,
and a portion of the transposon, with annealing temperatures ranging from 55 °C to 65 °C—
optimized at 60 °C—and product sizes between 500 and 2,000 bp. The inner primers targeted
nucleotides 16,834 to 18,466, with annealing temperatures from 58 °C to 65 °C—optimized
at 61 °C—and product sizes between 200 and 1,000 bp. Both primer pairs were validated for
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specificity against pathogenic plasmid sequences of Vibrio in GenBank using BLASTn. Their
potential for primer dimer formation was assessed using IDT OligoAnalyzer
(https://www.idtdna.com).

2.2.2. Optimizing PCR reactions

The first-round PCR reaction has a total volume of 12 pL, consisting of 1 pL of forward
primer (AF5-F1) and reverse primer (AF5-R1) (final concentrations tested from 0.05 to 0.5
pmol/uL), 1 pL of plasmid DNA (at a concentration of 10° copies/uL), 6 uL of 2X MyTaq
Mix (Bioline), and 4 pL of nuclease-free deionized water. Thermal cycle for the first-round
PCR starts with an initial denaturation step at 94 °C for 2 minutes, followed by 25 cycles of
denaturation at 94 °C for 30 seconds, annealing for 30 seconds (with temperature tested from
50 °C to 70 °C), and extension at 72 °C for 90 seconds.

The second-round reaction has a total volume of 12 pL, comprising 1 pL of forward
primer (AF5-F2) and reverse primer (AF5-R2) (at the final concentration of 0.417 pmol/uL),
1 uL of the first PCR product as template, 6 pL. of 2X MyTaq Mix (Bioline), and 4 pL of
nuclease-free deionized water. Thermal cycling conditions for the nested PCR include an
initial denaturation at 94 °C for 2 minutes, followed by 20 cycles of denaturation at 94 °C for
20 seconds, annealing step for 20 seconds (with temperature tested from 50 °C to 70 °C), and
extension at 72 °C for 20 seconds.

2.2.3. Evaluation of nested PCR sensitivity on plasmid samples

Plasmid DNA was extracted from toxic Vibrio parahaemolyticus strain using alkaline
lysis method [10]. DNA concentration was determined by spectrophotometry at 260 nm using
a UV-VIS SP3000-nano spectrophotometer (OPTIMA). The number of plasmid DNA copies
was calculated from the concentration based on plasmid size. The sensitivity of the AP5 nested
PCR method was evaluated over a range from 10° to 10' plasmid copies per reaction and
compared with the sensitivity of the PCR method using primer AP3 [8] - the standard PCR
method for Vibrio parahaemolyticus detection (according to TCVN 8710-19:2019) - and with
the high-sensitivity nested PCR using primer AP4 [9].

The PCR with AP3 primers and nested PCR with AP4 primers were performed using
previously designed primers and the optimal conditions published by the authors. Specifically,
AP3 primer sequences include AP3-F: 5'-ATG AGT AAC AAT ATA AAA CAT GAA AC-
3" and AP3-R: 5-GTG GTA ATA GAT TGT ACA GAA-3'. PCR conditions for the AP3
primer pair involved an initial denaturation at 94 °C for 5 minutes, followed by 30 cycles of
denaturation at 94 °C for 30 seconds, annealing at 53 °C for 30 seconds, extension at 72 °C
for 40 seconds, and finish with a final extension at 72 °C for 7 minutes [7]. The primer set for
AP4 includes AP4-F1: 5'-ATG AGT AAC AAT ATA AAA CAT GAA AC-3', AP4-R1: 5'-
ACG ATT TCG ACG TTC CCC AA-3', AP4-F2: 5'-TTG AGA ATA CGG GAC GTG GG-
3" and AP4-R2: 5'-GTT AGT CAT GTG AGC ACC TTC-3' [8]. All sensitivity testing
reactions contained 1 pL of primers (at final concentration of 5 pmol/uL), 1 pL of plasmid
DNA, 6 pL of My Taq Mix 2X (Bioline), 4 uL of nuclease-free deionized water. All reactions
were performed in triplicate.

3. RESULTS AND DISCUSSION

3.1. Primer design

The outer primer pair AP5-F1/R1 was designed to target the DNA region containing pirA
and pirB from the pVPA3-1 plasmid (Figure 1), producing a product of 1,970 bp (Table 1).
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The inner primer pair AP5-F2/R2 specifically amplifies the DNA segment containing pirA
and pirB, yielding a product of 433 bp (Figure 1 and Table 1).

Table 1. Designed APS5 primer pairs for nested PCR detection of AHPND-related plasmid

Primer Tm Product
Primer Sequence (5’ — 3°) length %GC rocue
(°C) length (bp)
(base)
AP5-F1 CGGATGCCCAAGTCTTTCCT 20 55 60,04
1970
AP5-R1 TATTGGAGGCGGTGATACGC 20 55 59,97
AP5-F2 AACAATGGCGCTAGTCGTGG 20 55 61,02
433
AP5-R2 TTGCCGCAGCATAACCGAAG 20 55 61,64
Tranposase 17.031 17.489 17.921 19.000 Tranposase
I
|
‘s
AP5-F1 i | AP5.R1
—> €<
AP5-F2 AP5-R|& waERE
|

433 bp

Figure 1. Diagram of the AP5 primer positions on the plasmid pVPA3-1

The primers were tested for specificity against pathogenic plasmids from Vibrio
parahaemolyticus using NCBI BLAST (https://www.ncbi.nlm.nih.gov), yielding 100%
similarity with all known pirA/B gene sequences deposited in the GenBank database. Primer
dimer formation capacity was assessed using IDT (https://www.idtdna.com), indicating only
a few nucleotides in the primers pairing with each other at very low energy levels. The first-
round PCR produces a larger product (1970 bp) compared to the AP4 method (1269 bp) [9].
The amplified region covers the entire pirA and pirB gene sequences, allowing the exclusion
of false positives from strains with deletions or mutations—such as deletions of pirA, pirB, or
both— which result in loss of toxicity [5].

3.2. Optimized conditions for PCR

The annealing temperatures for both steps were tested across a range from 50 °C to 70
°C, approximately 10°C around the primers’ theoretical melting temperatures. Both the outer
and inner primers annealed effectively within this temperature range, producing clear, specific
bands at the expected sizes, with no primer dimer formation observed, as evidenced by the
absence of signals below 100 bp on the gel (Figure 2). However, regarding specificity, both
the outer and nested PCR reactions exhibited nonspecific bands at annealing temperatures
from 50 °C up to 67.1 °C. These nonspecific bands decreased as the primer annealing
temperature increased, as shown in Figure 2. The results indicated that an annealing
temperature of 69.4 °C for the outer primers and 69.9 °C for the inner primers produced sharp
bands with minimal nonspecific amplification. Based on the observed trend that annealing
temperatures affect nonspecific amplification and primer dimer formation, the annealing
temperature was set at 69 °C for the outer primers and 70 °C for the inner primers. Higher
primer temperatures help decrease mismatched pairing and nonspecific amplification [11].
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M 504 526 551 570 589 61,0 627 648 67,1 694 699 (°C)

504 526 551 570 589 610 627 648 671 634 693 (oC)

— -

Figure 2. Results of primer annealing temperature analysis for the outer primer
APSF1/R1(A - M: 1 kb Ladder, product size 1970 bp) and the inner primer AP5SF2/R2
(B - M: 100 bp Ladder, product size 433 bp)

Typically, primer concentrations in PCR mixtures are kept in excess to ensure efficiency
during later cycles; however, in nested PCR, excessive outer primer amounts can lead to
nonspecific bands and hinder amplification of the target region when combined with inner
primers in the second round. Therefore, outer primer concentrations were optimized to achieve
the best reaction efficiency while minimizing nonspecific amplification. The results showed
that primer concentrations of 0.4 pmol/uL or higher produced additional nonspecific bands,
while at 0.2 pmol/pL, the target band was faint. An outer primer concentration of 0.3 pmol/uL
resulted in minimal nonspecific bands in nested PCR, with clear and strong amplification of
the target sequence (Figure 3).

«—433bp

Figure 3. The effect of outer primer (AP5F1/R1) concentration on nested PCR products
(M: 100 bp Ladder)

3.3. Sensitivity of AP5 nested PCR reaction

The plasmid DNA extracted from the pathogenic bacterial strain had a initial
concentration of 330 ng/uL, corresponding to approximately 4.42 x 10° copies/uL for a
plasmid size of 69,168 bp. This DNA solution was diluted to a concentration of 10° copies/uL,
then serially diluted from 10° down to 10! copies/uL to serve as samples for sensitivity testing
of the AP5 nested PCR. The sensitivity of the optimized APS5 method was subsequently
compared with two previously established conventional PCR methods: AP3 [8] and AP4 [9].

61



Le Quoc Viet, Nguyen Ba Tho, Nguyen Minh Phuong

10° 108 107 106 105 10¢ 10° 102 10" _

<330 bp

M 100 10 107 106 105 10+ 10° 102

.t
mm!?:a----

Figure 4. Comparison of the sensitivity of the PCR methods (AP3, AP4 and APS) in
detection of AHPND plasmid (M: 100 bp Ladder)

The PCR method using primer AP3 (the current standard PCR method for
detecting Vibrio parahaemolyticus) detected a minimum of 10° copies of plasmid DNA
(Figure 4-a). The AP4 nested PCR, reported by Sirintip et al. (2015), was claimed to have
higher sensitivity—100 times greater than the AP3 PCR. However, in this parallel study, the
AP4 method could only detect down to 10° copies (Figure 4-b). In contrast, the nested PCR
method with AP5 primers could detect DNA plasmid at the lowest concentration of 10°
copies (Figure 4-c). Thus, the APS5 nested PCR is approximately 1,000 times more
sensitive than AP4 and 100 times more sensitive than AP3—the standard PCR for AHPND
detection in Vietnam. As discussed by Ratchanok et al. (2015), the conventional AP3 PCR,
with just one step, has limited sensitivity and therefore is mainly suitable for enriched Vibrio
samples. In AP4 method, the melting temperatures of primers differ by a considerable margin
[9]. This can lead to a reduction in primer annealing efficiency and thus lower reaction
sensitivity. The AP5 primer set was designed with melting temperatures of the forward and
reverse primers within 1 °C of each other [12], ensuring optimal primer annealing at the same
temperature and improving the overall PCR sensitivity.

4. CONCLUSION

The study successfully developed a nested PCR method with primers specifically
designed to target the pirA/B gene region. The optimal outer primer concentration was 0.3
pmol/pL. The ideal annealing temperatures were 69 °C for the first-round PCR and 70 °C for
the second-round PCR. This method could detect as few as 10° plasmid DNA copies, making
it over 100 times more sensitive than the AP3 primer-based PCR and 1,000 times more
sensitive than the AP4 method. After further validation of its specificity and efficiency on field
samples, this AP5 nested PCR method can be used for early detection of AHPND pathogens,
identifying pirA/B genes in isolated Vibrio spp. bacterial samples as well as samples with low
bacterial loads such as larval shrimp and farming pond water.
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TOM TAT

PHUONG PHAP NESTED PCR MOI NHAM PHAT HIEN VI KHUAN Vibrio spp.
GAY BENH HOAI TU GAN TUY CAP TREN TOM

Lé Qudc Viét', Nguyén Ba Tho?, Nguyén Minh Phuong'”
"Trwong Pai hoc Cong Thirong Thanh phé Ho Chi Minh
’Trung tam Céng nghé sinh hoc Thanh pho Ho Chi Minh

*Email: phuongnguyen@huit.edu.vn

Bénh hoai tir gan tuy cp (AHPND) trén tom nudi do mét s6 vi khuan thudc chi Vibrio,
cha yéu 1a Vibrio paraheamolyticus, mang plasmid c6 2 gen doc pirA va pirB gy ra. Bénh
khong chi gay thiét hai 16n cho nganh nudi trong thily san ma con ¢ thé dan dén viéc sir dung
khang sinh tiy tién, giy anh huong t6i méi truong. Do cac gen thiét yéu ddi véi kha ning gay
bénh cua Vibrio (pirA/B) nam trén plasmid, cic phuwong phap phat hién bénh théng qua su c6
mat cta vi khuédn Vibrio paraheamolyticus khong hoan toan chinh xac do khong dénh gia duoc
vi khuan c6 mang plasmid chira gen pirA/B hay khong. Hién nay, phuong phap PCR ding
mdi AP3, phuong phép tiéu chuan dé phét hién Vibrio giy bénh AHPND tai Viét Nam (TCVN
8710-19:2019) c6 do nhay han ché ciia PCR mét budc. Nghién ctru ndy xiy dung phuong
phap nested PCR méi (AP5) c6 d6 nhay cao nham phat hién sém tac nhan gay bénh thong qua
su ¢ mat cua cac gen gay doc. Bo mdi nested PCR AP5 dugc thiét ké dic hiéu dé khuéch dai
ving pirA-pirB trén plasmid pVPA3-1 (GB: KM067908.1), cho san phim vong ngoai ¢ kich
thudc 1.970 bp va san pham vong trong c6 kich thudce 433 bp. Nong d6 mdi ngoai thich hop
cho phan mng 12 0,3 pmol/uL. Nhiét d6 lai mdi téi uu cho phan Ung vong ngoai 1 69 °C va
cho phan mg vong trong 1a 70 °C. Sau khi dwogc tdi wu, phan Gmg nested PCR phat hién tdi
thiéu 10° ban sao plasmid/phan g, nhay hon 100 lan so vo1 phuong phap dung moi AP3 va
1.000 1an so v6i phuong phap AP4. Phan g nay c6 trién vong phat trién thanh b kit thuong
mai, cho phép phat hién truc tiép vi khuan gy bénh AHPND trén cac mau c6 tai luong vi
khuén thip nhu tdm gidng va nudc ao nudi.

Tw khoa: AHPND, nested PCR, pirA, pirB, plasmid, Vibrio.

64


https://doi.org/10.1101/pdb.ip65

