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Abstract Loop-mediated isothermal amplification

(LAMP) allows rapid amplification of nucleic acids under

isothermal conditions. In this report, a 20-min LAMP

amplification of the DPOL gene of infectious spleen and

kidney necrosis virus (ISKNV) using a biotin-labeled

primer was combined with lateral flow dipstick (LFD)

chromatography for rapid and simple visual detection of

ISKNV-specific amplicons. The LFD process involves a

5-min specific hybridization with an FITC-labeled DNA

probe to confirm the presence of complement ISKNV

amplicons that were biotinated in LAMP. The resulting

DNA duplexes, consisting of labeled probes and ampli-

cons, migrate along the LFD strip by chromatography for

5 min and are trapped at the test line and visualized

by biotin labeling. The detection limit of ISKNV by

LAMP-LFD was 10 copies. The results show that the

LAMP-LFD method has the advantages of better sensi-

tivity and speed and less dependence on equipment than

the standard PCR for specifically detecting low levels of

ISKNV DNA, and this can be useful in the field as a

routine diagnostic tool.

Infectious spleen and kidney necrosis virus (ISKNV), a

large icosahedral cytoplasmic dsDNA virus, is the type

member of the genus Megalocytivirus in the family Irido-

viridae [1]. The virus causes high mortality in many eco-

nomically important freshwater and marine fish [2–4]

throughout Korea, Singapore and China. The genome

sequence of ISKNV is 111,362 bp in length, coding for 124

putative open reading frames (ORFs) [5]. The viral disease

has affected the world aquaculture industry ecologically

and economically.

In order to reduce economic losses, it is important to

develop a rapid and specific method for ISKNV detection.

Several PCR-based methods have been established for

the detection and quantification of ISKNV [6, 7]; however,

in addition to the fact that these procedures are time-

consuming, expensive equipments and reagents limit their

application in the field. Recently, a novel nucleic acid

amplification method termed loop-mediated isothermal

amplification (LAMP) has been developed [8], which

employs a Bst DNA polymerase with strand displacement

activity and four primers that recognize a total of six distinct

sequences on the target DNA. The target DNA can be

amplified from a few copies to 109 copies within 1 h under

isothermal conditions (60–65�C), using a simple incubator

such as a water bath or a thermostat block in the LAMP

method [8]. Hence, LAMP is expected to be highly useful

and feasible in the field for the rapid diagnosis of infectious

diseases. Recently, combined with a lateral flow dipstick

(LFD), the LAMP-LFD method has been successfully

applied for diagnosing viral infections of marine animals,

including Taura syndrome virus (TSV) [9], white spot

syndrome virus (WSSV) [10], and infectious myonecrosis

virus (IMNV) [11]. In this process, biotinylated products

hybridize with corresponding FITC-labeled probes that are

complementary to the target DNA of interest. After diffu-

sion of the hybridization products in the dipstick, a complex

with specific gold-labeled anti-FITC antibodies is generated

in the sample application pad. The immune complexes

migrate through an analytical membrane and pass the test

line, where the biotin-specific molecules are immobilized.

A red test band is observed during the incubation time.

Using LAMP-LFD, the total assay time is much shorter, and

W. C. Ding � J. Chen (&) � Y. H. Shi � X. J. Lu � M. Y. Li (&)

Faculty of Life Science and Biotechnology, Ningbo University,

Ningbo 315211, Zhejiang, People’s Republic of China

e-mail: jchen1975@163.com

123

Arch Virol (2010) 155:385–389

DOI 10.1007/s00705-010-0593-4



the sensitivity is equivalent to or higher than that of the

PCR-based method [9–11]. In this paper, we have estab-

lished an LAMP-LFD method for rapid and sensitive

detection of ISKNV.

ISKNV was kindly provided by Professor Junjie Bai,

Pearl River Fishery Research Institute, Chinese Academy

of Fishery Science. Quantitative viral DNA analysis was

done as reported previously [12]. The initial concentration

of viral DNA used in this study was adjusted to 0.12 lg/lL

(equivalent to 108 copies/lL) by the spectrophotometer

Ultrospec 1100 pro (Amersham Pharmacia, Cambridge,

UK). The complete coding sequence of the viral DNA

polymerase (DPOL) gene was determined subsequently

(EMBL accession number FN429981) and was found to

share 99.9% nucleotide identity to a previously reported

ISKNV sequence (AF371960). For other viruses, DPOL

genes have also been used as targets for the detection of

virus infection [13, 14].

Based on the determined sequence of the ISKNV DPOL

gene, three sets of four species-specific LAMP primers

were designed using an online LAMP primer designing

software (http://primerexplorer.jp/e/). A preliminary test

showed that only one set of primers yielded consistent

results. This primer set consisted of forward-outer (F3),

backward-outer (B3), forward-inner (FIP), backward-inner

(BIP), loop-forward (LF) and loop-backward primers (LB)

(Table 1). Primers with 50-biotinylation and FITC were

synthesized by Shanghai Sangon Biological Engineering

Technology & Services Co., China.

LAMP was carried out in a 25-lL reaction mixture

containing 0.2 lM (each) of primers F3 and B3, 1.6 lM

(each) of primers FIP and BIP, 0.4 lM (each) of primers

LF and LB, 0.96 mM (each) dNTPs, 20 mM Tris–HCl (pH

8.8), 10 mM KCl, 6.5 mM MgSO4, 10 mM (NH4)2SO4,

0.1% Triton X-100, 8 U Bst DNA polymerase large frag-

ment (New England Biolabs, Beverly, USA), and 1 lL

template DNA. Distilled water was used as the negative

control. The reaction temperature was optimized by incu-

bating the mixture at 61, 63 and 65�C for 60 min. The

reaction time was optimized by incubating the mixture for

10, 20, 30, 40 and 60 min at 65�C with 108 or 104 copies of

viral DNA. After heating at 80�C for 5 min, the products

were analyzed by 1.5% agrose gel electrophoresis (AGE).

When LAMP was carried out at different reaction

temperatures (61, 63 or 65�C), little difference was

observed (Fig. 1a). Since the specificity of the reaction

increased at higher temperature [15], we chose 65�C as the

working temperature. At high template DNA concentration

(108 copies of viral DNA), successful amplification was

first detected within 10 min (Fig. 1b); at low template

DNA concentration (104 copies of viral DNA), amplified

Table 1 Sequences of the primers and probe used in this work

Primer Type Length Sequence (50–30)

F3 Forward-outer primer 18-mer GACGCGACAGCGCCATGT

B3 Backward-outer primer 17-mer GCTACCCTTTGGGTGGC

FIP Forward-inner primer (F1c ? TTTT ? F2) 45-mer CACGCGGCAATGAACGGCACATTTTGCCAGAAACACGTATGCGGC

BIP Backward-inner primer (B1c ? TTTT ? B2) 45-mer CATTGGCAATGGGGACGATAACTTTTGCCTTCTGTGGATTCCTGA

LF Loop-forward primer 20-mer TCTGCAGATCCCTCAAGGAT

LB Loop-backward primer 20-mer AACCAGGGCTCGTACAAAGT

HP Hybridization probe 21-mer GATGCACGACATGATGATACC

Fig. 1 Optimization of LAMP conditions. a Determination of the

optimal temperature and b determination of the optimal time. M,

GeneRulerTM 1 kb DNA Ladder (Fermentas, Vilnius, Lithuania); NC,

distilled water as the template, negative control; 108 and 104, the

number of copies of viral DNA used as the template
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bands were detected in 20 min (Fig. 1b). Viral DNA was

commonly present at low concentration when fresh fish

tissues were used for diagnosis. Therefore, a 20-min

reaction time was necessary to ensure positive detection.

Generic LFD strips (Milenia� GenLine HybriDetect 2T

by Milenia Biotec GmbH, Gießen, Germany, http://www.

milenia-biotec.de/) were employed for LFD assay. These

strips detect the biotin-labeled DNA that hybridizes with a

50-FITC-labeled DNA probe (named FITC-HP) (Table 1).

Hybridization with LAMP amplicons in preparation for

LFD detection was carried out as reported previously

[9–11]. Briefly, at the end of the LAMP reaction, without

heat inactivation, 20 pmol of FITC-HP was added to the

reaction tube. After incubation at 60–65�C for 5 min, 8 lL

from the tube was removed and mixed with 100 lL of

assay buffer; then the LFD strip was dipped into this

mixture for approximately 5 min for the detection of the

amplicon-probe hybrid.

To determine the detection limit of ISKNV by LAMP,

the viral DNA (108 copies/lL) was serially diluted tenfold,

and 1 ll of each diluted DNA was used as a template for

biotin-labeling in the LAMP reaction. A 25-lL reaction

mixture was almost the same as conventional LAMP, but a

50-biotinylated FIP was need to replace primer FIP. The

reaction was performed at 65�C for 20 min, and the

products were subsequently analyzed by 1.5% AGE and

LFD assay. To compare the detection sensitivity of LAMP

with that of PCR, the respective dilutions were subjected to

thermal cycling using primers F3 and B3 (Table 1), which

amplify a 253 bp fragment from the ISKNV DPOL gene. A

25-lL PCR mixture contained 10 mM Tris–HCl (pH 8.3),

50 mM KCl, 1.5 mM MgCl2, 0.2 mM (each) dNTP,

0.2 lM (each) of primers F3 and B3, 5 U rTaq DNA

polymerase (Takara, Dalian, China), and 1 lL template

DNA. Amplification conditions included an initial incu-

bation at 94�C for 2 min, followed by 30 cycles of 94�C for

30 s, 58�C for 30 s, and 72�C for 30 s. The products

were analyzed by 2% AGE. The results showed that

LAMP–AGE and PCR–AGE could detect ISKNV up to

100 copies and 104 copies, respectively (Fig. 2a, b), while

LAMP-LFD was able to detect ISKNV up to 10 copies

(Fig. 2c). Thus, LAMP-LFD was 10 and 1000 times more

sensitive than LAMP-AGE and PCR-AGE, respectively.

The biotin-labeling LAMP was carried out as described

above, but using templates from four other aquatic animal

viruses, including one iridovirus, lymphocystis disease

virus (LCDV), and three unrelated viruses, white spot

syndrome virus (WSSV), spring viremia of carp virus

(SVCV) and infectious haematopoietic necrosis virus

(IHNV). A Gram-negative bacterium, Aeromonas hydro-

phila, was also included as a negative control. The

amplicons were analyzed by 1.5% AGE and LFD assay.

Cross-amplification tests using templates from Chinese

perch (Siniperca chuatsi), WSSV, LCDV, SVCV, IHNV

and A. hydrophila showed that no amplicons were detected

(Fig. 3a), while the reaction using the ISKNV template

gave a positive result (Fig. 3b).

Viral infections pose a serious threat to the aquaculture

industry and cause significant financial losses. Rapidly

identifing and differentiate the causative agents of viral

diseases is very important for preventing further disease

transmission or outbreaks. ISKNV is one of the important

viral pathogens in aquaculture [4], especially for Chinese

perch [3]. In order to reduce economic losses, a detection

method that is rapid, sensitive, simple, and economical is

needed for practical applications. In this study, we have

developed such an LAMP-LFD method for the detection of

ISKNV.

The optimal conditions for the LAMP reaction were

different in previous reports [16, 17]. In previous studies, a

pair of loop primers, in addition to the usual four LAMP

primers, had been used to accelerate the LAMP reaction

[18–20]. However, some researchers have reported that the

presence of loop primers causes pseudo-positive signals

Fig. 2 Sensitivity of a LAMP-AGE, b PCR-AGE, and c LAMP-LFD

for the detection of ISKNV. M, GeneRulerTM 1 kb DNA Ladder; NC,

distilled water as the template, negative control; 108, 107, 106, 105,

104, 103, 102, 101 and 100, the number of copies of viral DNA used as

the template. M in (a), GeneRulerTM 1 kb DNA Ladder; M in (b),

pUC19 DNA/MspI (HpaII) Marker, 23 (Fermentas)
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[21, 22]. In this study, the presence of loop primers,

without influencing the stability of the LAMP reaction,

significantly accelerated the reaction. The amplification

can be faintly observed after 10 min using a high con-

centration of template DNA, and after 20 min using a low

concentration (Fig. 1). The observation that the concen-

tration of template can influence the LAMP reaction agrees

with a previous report [10].

To develop a rapid detection system for viruses, assay

sensitivity and specificity are also essential. LAMP

amplifies DNA with high efficiency under isothermal

conditions without a significant influence of the copresence

of nontarget DNA [8]. This characteristic is suited to the

detection of aquatic viruses. In this study, the LAMP-LFD

method was found to be highly sensitive, as it could detect

10 copies of ISKNV, which was 10 and 1,000 times more

sensitive than LAMP–AGE and standard PCR–AGE,

respectively (Fig. 2). This increased sensitivity makes

LAMP-LFD a better choice than standard PCR–AGE and

LAMP–AGE for the diagnosis of ISKNV in cases where

lower concentrations of viruses are expected. When eval-

uating the specificity of the LAMP assay for ISKNV

detection, we observed that the primers amplified ISKNV

but not other five aquatic animal pathogens or host fish

genome DNA (Fig. 3). The LAMP-LFD technique devel-

oped in this study is specific for ISKNV and consistent with

other studies of the specificities of LAMP-LFD assays in

viral detection [9–11]. This suggests that the LFD assay not

only assures diagnostic specificity in a sequence-dependent

manner, but also increases diagnostic sensitivity. In

addition, other advantages of LAMP-LFD include less

equipment dependence, shirtsleeve operation and faster

time-to-results.

In conclusion, using the protocol of a 20-min biotin-

labeling LAMP reaction followed by a 5-min hybridization

with an FITC-labeled DNA probe and another 5-min LFD

assay, ISKNV amplicons could be visually detected. Our

result showed that the LAMP-LFD method has advantages

that make it useful for field detection of clinically normal

carriers or fish in the early stages of infection.
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