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A loop-mediated isothermal ampliﬁcation (LAMP) assay was developed for the detection of abalone
herpesvirus DNA. Two pairs of primers were designed, based on the sequence of the DNA polymerase
gene of abalone herpesvirus. The reaction temperature and time were optimized to 63 ◦ C and 60 min,
respectively. LAMP amplicons were analyzed by 2% agarose gel electrophoresis or by visual inspection of a
colour change emitted by ﬂuorescent dye. The method developed was speciﬁc for the detection of abalone
herpesvirus, without cross-reactions with other tested herpesviruses including ostreid herpesvirus 1
(OsHV-1), European eel herpesvirus, koi herpesvirus (KHV) and an avian herpesvirus. The LAMP assay
was 100 folds more sensitive than a conventional PCR and 10 folds less sensitive than a SYBR Green PCR.
These results indicate that the developed LAMP assay is a simple, rapid, sensitive, speciﬁc and reliable
technique for the detection of abalone herpesvirus.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
Herpesvirus infections have been reported in marine molluscs
and a wide host range was reported in bivalves including various
species of oysters, clams and scallops (Farley et al., 1972; Burge
et al., 2011; Renault and Novoa, 2004; Renault, 2008). Mortality
outbreaks of abalone (genus Haliotis) associated with herpes-like
viruses have been reported in several species and subspecies
including H. discus discus, H. discus hannai, H. diversicolor Reeve, H.
diversicolor aquatilis, and H. diversicolor supertexta (Nakatsugawa
et al., 1999; Otsu and Sasaki, 1997; Song et al., 2000; Wang and Li,
1997; Wang et al., 2000; Zhang et al., 2001). Acute and high mortality events due to herpesvirus, Haliotis herpesvirus (AbHV) were
reported in cultured abalone, H. diversicolor supertexta, in Taiwan
(Chang et al., 2005). A herpesvirus identiﬁed as Haliotis herpesvirus
1 (AbHV-1) induced mortality in blacklip abalone, H. rubra, greenlip
abalone, H. laeviga, and their hybrids in Australia (Hooper et al.,
2007). Although Australian abalone infected with AbHV-1 showed
a swollen mouth and prolapsed odontophore (Hooper et al., 2007),
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AbHV infection in Taiwanese abalone was characterized by mantle
recession and muscle atrophy (Chang et al., 2005) without oral
lesions. AbHV was a neurotropic virus causing ganglioneuritis, with
necrosis of the cerebral ganglia and nerve bundles in the foot muscle and in muscular layers beneath the visceral organs (Chang et al.,
2005). Similar neurological signs were also noted as ganglioneuritis
in the blacklip abalone and greenlip abalone in Australia (Hooper
et al., 2007). Another virus was also reported in the Japanese black
abalone, H. (=Nordotis) discus associated with amyotrophia and
tumour-like lesions in the nerve trunk (Nakatsugawa et al., 1999).
Light microscopy has been used to diagnose both AbHV and
AbHV-1 infections based on the prominent neurological lesions
induced by these viruses in Taiwan and Australia, respectively
(Chang et al., 2005; Hooper et al., 2007). Additional techniques such
as transmission electron microscopy, a TaqMan® PCR-based technique (Corbeil et al., 2010) and a classical PCR technique (Chen et al.,
2012) have also been developed to detect herpesvirus infections in
abalone.
The loop-mediated isothermal ampliﬁcation (LAMP) procedure
ampliﬁes nucleic acids with high speciﬁcity, sensitivity and rapidity under isothermal conditions. This technique has been used for
detecting various pathogens including E. coli O157:H7 (Maruyama
et al., 2003), Edwardsiella tarda in ﬁsh and environmental samples
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(Savan et al., 2004), Francisella piscicida in Atlantic cod (Caipang
et al., 2010), white spot syndrome virus in shrimp (Kono et al.,
2004), infectious hematopoietic necrosis virus (IHNV) in rainbow trout (Gunimaladevi et al., 2005), Koi herpesvirus (KHV)
(Gunimaladevi et al., 2004; Soliman and El-Matbouli, 2005;), AVNV
in Chinese scallops, Chlamys farireri (Weicheng et al., 2010) and
iridovirus in ﬁsh (Caipang et al., 2004).
In this study, a LAMP assay for AbHV detection in abalone was
developed following cloning and sequencing of the DNA polymerase gene from AbHV specimens from Taiwan (Chen et al., 2012).
Based on the sequence of the DNA polymerase, four distinct primers
were designed. Comparison of the LAMP, PCR and SYBR Green PCR
techniques was performed to deﬁne detection limits for each technique.

2.3. LAMP conditions
AbHV DNA extracted from puriﬁed virus particles was used as
the template (Chen et al., 2012) using the commercial Loopamp
DNA Ampliﬁcation kit (Eiken) that followed the LAMP procedure
of Notomi et al. (2000). Brieﬂy, a total reaction of 23 L per test
contained 12.5 l of 40 mM 2× Reaction Mix (Tris–HCl (pH 8.8),
20 mM KCl, 16 mM MgSO4 , 20 mM (NH4 )2 SO4 , 0.2% Tween, 1.6 M
Betaine, 2.8 mM dNTPs), 40 pmol FIP, 40 pmol BIP, 5 pmol F3, 5 pmol
B3, 1.0 L Bst DNA Polymerase, and 100 ng of template genomic
DNA, and was brought up to volume with sterile distilled water. All
reagents except primers were applied to the control reaction. The
LAMP was carried out at 60–65 ◦ C at 1 ◦ C interval each for 15 min,
30 min, 45 min and 60 min. Amplicons were analyzed by 2% (w/v)
agarose gel electrophoresis and stained with ethidium bromide.
2.4. Speciﬁcity of the AbHV LAMP assay

2. Materials and methods
2.1. Samples and DNA extraction
Ten AbHV-infected abalone, H. diversicolor supertexta, were
collected from six farms that suffered from either high or low
mortalities in 2004 in northern Taiwan, and used as the material
source. Twenty abalone collected from farms in southern Taiwan
with no history of AbHV infection were used as negative controls.
Nerve tissues of moribund abalone collected from one batch of the
AbHV-affected farms were excised and held at −80 ◦ C until DNA
extraction. Nerve tissues of control abalone were also similarly
excised and stored. DNA was extracted from nerve tissues using
a QIAamp Stool Mini Kit (QIAgen, Hilden, Germany) following the
manufacturer’s instructions.

2.2. LAMP primers
Primer sets for LAMP were designed from Abalone
DNA
polymerase
gene
(GenBank
accesherpesvirus
sion no. HQ317456.1) using PrimerExplorer V4 software
(http://primerexplorer.jp/elamp4.0.0/index.html). The primer
sets consisted of two outer primers F3 and B3 (Table 1) and two
inner primers FIP 5 and BIP 5 (Table 1) targeting a conserved
region within the DNA polymerase gene, with expected 198 bp
ampliﬁed product.

To determine the speciﬁcity of the LAMP assay, eel herpesvirus
DNA, koi herpesvirus DNA, avian infectious laryngotracheitis virus
DNA and OsHV-1 DNA were tested and products were analyzed on
a 2% (w/v) agarose gel.
2.5. Sensitivity and detection limits of LAMP, conventional PCR
and SYBR Green PCR
The sensitivity of the LAMP assay was assessed using cloned
AbHV DNA. The primer set B3 and 1331r (Table 1) were designed
to amplify an expected product of 1202 bp from the AbHV DNA
polymerase gene. PCR ampliﬁcation was performed as described
by Chen et al. (2012). Primers 40f and 146r (Table 1) were designed
to amplify an expected product of 606 bp. A total of 50 l reaction
mixture contained 5 l of 10× PCR buffer (10 mM Tris–HCl, 50 mM
KCl, 1.5 mM MgCl2 , and 0.001% (w/v) gelatin), 400 M dNTPs, 5 M
tetramethylammonium chloride, 40 pmol of each primer, 2 L puriﬁed DNA and 2 U of Taq polymerase, and brought up to volume with
sterile distilled water. PCR ampliﬁcation was performed in a PTC100 thermocycler (MJ Research, Alameda, CA, USA) with an initial
denaturation step at 94 ◦ C for 2 min; followed by 35 cycles of 1 min
at 94 ◦ C, 1 min at 52 ◦ C and 1 min at 72 ◦ C; and ﬁnally by incubation for 5 min at 72 ◦ C. A control PCR without template was used to
check cross-contamination. All reactions were carried out in triplicate. Ampliﬁed fragments were electrophoresed in 1% agarose gels
and visualized with UV illumination after staining with ethidium
bromide.

Table 1
Oligonucleotide primer sets used for the LAMP, PCR and SYBR Green PCR.
Method

Primer
name

Genome positiona

Type

Sequence (5 –3 )

Expected size
of product (bp)

LAMP

F3
B3
FIPb
BIPb
F2
F1c
B2
B1c

5059–5076
5237–5256
(F1c+F2)
(B1c+B2)

Forward outer
Backward outer
Forward inner
Backward inner

AGCAACGCCAAGAACAGG
TCGTTCTCCGAACATCCACT
GGAGCGAAGGAAGCCACTTCTTTTCTTTCAAAGCGGAGTGCG
ATTCCGGGCAAGTCTGCAGTGCTTGTCGTCCCTGATGAAC
TTCTTTCAAAGCGGAGTGCG
GGAGCGAAGGAAGCCACTTCTT
GCTTGTCGTCCCTGATGAAC
ATTCCGGGCAAGTCTGCAGT

198

Real time PCR

F3
B3

5059–5076
5237–5256

AGCAACGCCAAGAACAGG
TCGTTCTCCGAACATCCACT

198

Cloning

B3
1331r

5237–5256
4055–4074

TCGTTCTCCGAACATCCACT
CTCGCGAAAAGGTAAACAGC

1202

PCR

381f
864r

4435–4918
4899–4918

TCGTTCTCCGAACATCCACT
CGTCGTTACCCAGTTCCACT’

484

a
b

Genome target region based on the nucleotide sequence of the polymerase gene of AbHV (GenBank accession no. HQ317456.1).
Both inner primers FIP and BIP contained two binding regions and were connected by a TTTT bridge.
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The PCR product was ligated into the TA cloning vector and
transformed into competent E. coli cells following procedures
described by the manufacturer. The concentration of the recombinant plasmid was determined by Nanodrop 2000c (Thermo
Scientiﬁc, USA) and used to prepare serial dilutions. The plasmid
DNA of AbHV was diluted (2 × 10−1 –2 × 10−8 copies per L) in
Tris–EDTA buffer (10 mM Tris, 1 mM EDTA, pH 8.0, TE) and used
as template DNA in optimizing the LAMP reaction. A conventional
PCR was performed with the same template DNA using the primer
set 381f and 864r to amplify a 484 bp fragment with similar reaction
conditions to those stated in Section 2.5. LAMP and PCR products
were electrophoresed on a 2% (w/v) agarose gel and stained with
ethidium bromide.
The primers used for SYBR Green PCR were F3 and B3, and the
ampliﬁcation was performed on an iQ5 & MYQTM Real-Time PCR
Detection System (Bio-Rad Laboratories, Hercules, CA). Reactions
were carried out in 8-Tube Strips in a 20 L reaction volume containing 10 L iQ5 SYBR Green SuperMix 2× (Biorad), 300 nM F3,
300 nM B3, 7 L water and 100 ng of template genomic DNA, and
was brought up to volume with sterile distilled water. The thermal
proﬁle for all SYBR Green PCRs was 95 ◦ C for 3 min followed by 40
cycles of 95 ◦ C for 10 s and 55 ◦ C for 30 s. The melting curve was
determined by following a further 95 ◦ C for 1 min, 55 ◦ C for 1 min
and 55–95 ◦ C for 10 s. In each 8-well tube, the AbHV standard was
run parallel with the samples. Each sample was tested in duplicate
or triplicate to ensure repeatability.
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Fig. 2. LAMP products detected by visual observation. Positive: positive reaction
visualized by UV-light; Negative: negative reaction.

2.6. Evaluation of the LAMP assay using ﬁeld samples
Six AbHV-infected and ﬁve uninfected samples were evaluated
in this study. LAMP was carried out using the optimized conditions.
Conventional PCR was performed using the 40f/146r primer sets
and methods described previously (Chen et al., 2012). All ampliﬁcation products were electrophoresed on 2% (w/v) agarose gels
and stained with ethidium bromide. A reaction that included AbHV
DNA was used as a positive control and a reaction without a DNA
template was the negative control. Ten PCR-negative samples were
evaluated by using LAMP and SYBR Green PCR.
3. Results
3.1. Optimization of the AbHV LAMP reaction
The LAMP reactions were carried out to determine the optimal
reaction temperature and time durations. Temperatures of 62 ◦ C,
63 ◦ C, 64 ◦ C and 65 ◦ C and durations of 15 min, 30 min, 45 min and
60 min were tested. It showed that 63 ◦ C for 60 min was the optimal
reaction condition for the AbHV LAMP assay (Fig. 1). The colour of

Fig. 1. Determination of LAMP reaction conditions over different reaction durations
by agarose gel electrophoresis. Lanes 1–4, LAMP was carried out for 15, 30, 45 and
60 min at 63 ◦ C, respectively. Lane M, marker.

Fig. 3. Sensitivities of LAMP and PCR assays for detection of AbHV. Lanes 1–8, LAMP
conducted using 10-fold serial dilutions of plasmid DNA. 1: 2 × 107 copies; 2: 2 × 106
copies; 3: 2 × 105 copies; 4: 2 × 104 copies; 5: 2 × 103 copies; 6: 2 × 102 copies; 7:
2 × 100 copies; M: 100 bp marker.

LAMP products in positive reactions changed to yellowish green,
whereas those in negative reactions remained reddish orange. The
intensities of the colour changes appeared to be associated with
viral loads, wherein more intensive colour changes occurred in
samples with higher loads. When visualized under UV transillumination, the positive sample shows a bright green ﬂuorescence
compared to the original colour of negative control (Fig. 2).

Fig. 4. The PCR detection of AbHV is speciﬁc since all negative controls yield negative
results. Lane 1, Haliotis herpesvirus (AbHV); lane 2, chicken infectious laryngotracheitis; lane 3, koi herpesvirus; lane 4, eel herpesvirus; lane 5, ostreid herpesvirus
(OsHV-1); and lane M: 100 bp DNA.
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Fig. 5. Dissociation curves provide a graphical representation of the PCR product after the ampliﬁcation process. The speciﬁc product is shown with a melting temperature
(Tm) of 86 ◦ C, while the primer dimer has a characteristically lower Tm of 75–80 ◦ C. A: melt curve of speciﬁc product; B: melt curve of a primer dimer

AbHV DNA. The primer pair B3/F3 was tested using dilutions of
AbHV genomic DNA. Real-time PCR yielded speciﬁc ampliﬁcation,
and a single peak was recorded on the melt curve (Fig. 5). The Tm
values of the ampliﬁed products were systematically monitored in
each experiment. The sizes of real-time PCR amplicons were monitored by agarose gel electrophoresis, and bands of the expected
size (198 bp) were reported (Fig. 6). To determine the sensitivity
of the assay, 10-fold serial dilutions (2 × 10−1 –2 × 10−8 per L) of
viral genomic DNA were applied. It was possible to quantify AbHV
cloned DNA copy numbers of at least 2 × 101 copies per L (Fig. 7).

Fig. 6. Conﬁrmed gel electrophoresis ampliﬁcation of the expected 198 bp fragment
for samples containing from 2 × 107 to 2 × 100 copies. 1: 2 × 107 copies; 2: 2 × 106
copies; 3: 2 × 105 copies; 4: 2 × 104 copies; 5: 2 × 103 copies; 6: 2 × 102 copies; 7:
2 × 100 copies; M: marker; N: blank control.

3.2. Sensitivity of LAMP and conventional PCR
The sensitivities of the LAMP assay and conventional PCR were
determined using 10-fold serial dilutions (2 × 10−1 –2 × 10−8 per
L) of plasmid DNA as the template. The sensitivity of target plasmid DNA by LAMP assay and conventional PCR was 102 copies and
104 copies per L (Fig. 3), respectively.

3.5. Evaluation of the sensitivity of LAMP assay
LAMP assays were carried out with DNA samples extracted from
six AbHV-infected abalone and all six samples were positive for
the presence of AbHV. Ten samples collected from farms in southern Taiwan without history of AbHV infection were negative in
this assay. Ten ﬁeld samples with low mortality of abalone were
analyzed and none were positive using the regular PCR assay, 40%
(4/10) the LAMP assay and 50% (5/10) the SYBR Green PCR assay.
Results suggested that the LAMP assay was more sensitive than
conventional PCR but less sensitive than the SYBR Green PCR assay.

3.3. Speciﬁcity of the LAMP assay

4. Discussion

The speciﬁcity of the LAMP assay for the detection of AbHV
was performed using DNA from different herpesviruses including
OsHV-1, KHV, eel herpesvirus and avian infectious laryngotracheitis virus. No amplicons were obtained from these viral DNAs
(Fig. 4) indicating the speciﬁcity of the primers and LAMP.

AbHV is the causative agent of a viral disease affecting abalone
and has caused high mortality outbreaks in a short period of time
among cultured abalone. It is important to have rapid and sensitive
detection of this pathogen in the ﬁeld in order to monitor disease
outbreaks and take appropriate measures in a timely manner.
The LAMP assay developed in this study allows the rapid detection of AbHV DNA. The products generated by this method are
detectable by visual observation as white precipitates under ﬂuorescent light. In addition, the products generated by this method
can be analyzed by agarose gel electrophoresis.

3.4. SYBR Green PCR
A preliminary test was carried out to verify the efﬁciency of
the primer set with SYBR Green I chemistry to detect and quantify

Fig. 7. SYBR Green PCR conducted using 10-fold serial dilutions of plasmid DNA to evaluate the sensitivity of real-time PCR. This system is able to detect the signal from
2 × 107 to 2 × 100 copies.
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Conventional PCR in combination with gene sequencing has
long been used to conﬁrm the accuracy of amplicons generated
by PCR (Muhling et al., 2006; Victoria et al., 2010). However, this
PCR detection procedure requires several hours to be completed. In
contrast, DNA detection with the LAMP was at least 2 h faster than
that with conventional PCR. The LAMP assay was also workable
over a range of temperatures (from 62 to 65 ◦ C), which facilitates
its application in the ﬁeld without precise temperature control.
Furthermore, AbHV DNA could be ampliﬁed speciﬁcally and sensitively using the LAMP technique. No ampliﬁcation was observed
when the method was used to detect nucleic acids from other herpesviruses including OsHV-1, KHV, eel herpesvirus and an avian
herpesvirus. These results indicate the speciﬁcity and broad applicability of LAMP for the detection of AbHV DNA in the ﬁeld.
The LAMP assay appeared to be 100 folds more sensitive than
conventional PCR and 10 folds less sensitive than SYBR Green PCR.
Corbeil et al. (2010) have developed a TaqMan PCR assay for the
Australian abalone herpesvirus. This TaqMan assay detected 30
copies of recombinant plasmid per reaction. The sensitivity of the
LAMP assay appears to vary with the herpesvirus species applied.
The detection of OsHV-1 is 20 copies per reaction (Ren et al., 2010),
50 copies/tube for human herpesvirus 6 infection (Ihira et al., 2004)
and 100 copies/tube for human herpesvirus 8 (Kuhara et al., 2007).
In conclusion, this LAMP method enables the detection of small
amounts of AbHV DNA. This method can be used to detect rapidly
AbHV with high sensitivity and speciﬁcity.
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