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Abstract

Background: From April 2010 to January 2011, a severe new viral disease had devastated most duck-farming
regions in China. This disease affected not only laying ducks but also meat ducks, causing huge economic losses
for the poultry industry. The objective of this study is to develop a one-step reverse transcription loop-mediated
isothermal amplification (RT-LAMP) assay for the detection of the new virus related to Tembusu-related Flavivirus.

Results: The RT-LAMP assay is very simple and rapid, and the amplification can be completed within 50 min under
isothermal conditions at 63°C by a set of 6 primers targeting the E gene based on the sequences analysis of the
newly isolated viruses and other closely related Flavivirus.The monitoring of gene amplification can also be
visualized by using SYBR green I fluorescent dye. In addition, the RT-LAMP assay for newly isolated Tembusu-
related Flavivirus showed higher sensitivity with an RNA detection-limit of 2 copies/μL compared with 190 copies/
μL of the conventional RT-PCR method. The specificity was identified without cross reaction to other common
avian pathogens. By screening a panel of clinical samples this method was more feasible in clinical settings and
there was higher positive coincidence rate than conventional RT-PCR and virus isolation.

Conclusion: The RT-LAMP assay for newly isolated Tembusu-related Flavivirus is a valuable tool for the rapid and
real-time detection not only in well-equipped laboratories but also in general conditions.
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Introduction
In April 2010, a severe viral disease spread out in most
duck-farming regions in China including Zhejiang,
Jiangsu, Hebei and Shandong provinces. The disease
affected both meat ducks and laying ducks. The affected
layer ducks showed clinical symptom of heavy egg-lay-
ing decrease ranging from 20% to 60%, even 90% [1].
During the course of disease, some ducks developed
neurological signs including unsteady standing, falling
and quivering to death. In some young-duck farms, the
disease developed as early as in 10-day-old ducklings,
with a peak in 20-40 days old ducklings. The main

symptoms were unable to stand steadily and falling. The
death rate was normally within 10-30%, and could be as
high as 80%, causing huge economic losses in duck-
farming. We isolated some apparently new flavivirus
from duck incubated in 10-day-old SPF chicken
embryos and duck embryos, and found that the isolates
belonged to the genus flavivirus based on sequence ana-
lysis. The virus had lower nucleotide homology with
other genus of flavivirus.
In consideration of biological characters and clinical

symptoms, we suggested Duck Encephalitis virus (DEV)
was named for this newly virus. DEV infection can
cause duck encephalitis with severe central nervous sys-
tem disorders and egg laying decrease. Diagnosis of
DEV infection is mainly based on viral culture and
molecular approaches [2]. Virus isolation is a definitive
diagnosis for DEV infection, however, this assay is
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usually unfeasible owing to less sensitive and time-con-
suming. RT-PCR assays for detection of specific geno-
mic sequence of DEV have shown high sensitivity and
specificity. However, these assays are time-consuming
and require expensive and sophisticated equipments [3].
DEV often occur in rural areas where routine RT-PCR
diagnostic facilities are limited. Therefore, it is necessary
for us to develop a rapid, simple, sensitive, and specific
diagnostic method for DEV infection and surveillance.
LAMP is a novel PCR method and its most important

advantage is amplification of nucleic acids under iso-
thermal conditions at a temperature range between 60
and 65°C within 1 h [4-6]. Another advantage of the
method is that the amplification can lead to the accu-
mulation of large amounts of products of various
lengths, making detection of amplified nucleic acids
much easier[7]. Recently, LAMP technology has been
successfully applied for rapid detection of various patho-
gens [8-12]. A RT-LAMP assay for detecting JEV was
firstly reported by Toriniwa and Komiya and the sensi-
tivity was similar to conventional RT-PCR [13]. Later,
Parida used the application of RT-LAMP assay to detect
JEV in the cerebrospinal fluid samples from patients
with clinical diagnosis of acute encephalitis [14].
So far, there has been no report on using the RT-

LAMP to rapidly diagnose and identify DEV. In this
study, we established the RT-LAMP method to rapidly
diagnose and identify DEV. The assay can be a new
standard for the virus identification.

Methods
Design of DEV specific RT- LAMP primers
Based on the sequence of newly isolated Tembusu-
related Flavivirus BYD-1 published in GenBank (Gen-
bank accession no.JF312912.1) and other unpublished
sequences that we collected, a highly conserved region
of the E gene was chosen to design the RT-LAMP pri-
mers. A set of 6 primers was designed comprising two
outer (F3, B3), two inner (FIP, BIP) and two loop pri-
mers (FLP, BLP), which could recognize eight distinct
regions on the target sequence by software program
(http://primerexplorer). FIP and BIP were high

performance liquid chromatography-purified primers.
FLP and BLP primers were composed of the sequences
that were complementary to the sequence between F1
and F2, and between B1 and B2 regions, respectively.
All primers were composed by Shanghai BGI Company.
The details of the primers with regard to their positions
in the genomic sequences were shown in Table 1.

Clinical samples
Three new DEV were isolated from layer ducks with
typical eggs-laying decrease symptoms and young duck
with neurological signs from 2010 to 2011 by using 10-
day-old SPF chicken(duck) embryonated eggs, which
were confirmed as DEV by sequencing. All of the iso-
lates were stored at -80°C until further investigation.
Their alignment analysis of nucleotide homology
showed that the new isolates belonged to the genus fla-
vivirus, Ntaya virus group. In addition, the control
viruses included duck plague virus(DPV) isolate NJ,
duck hepatitis virus (DHV), low-pathogenicity avian
influenza virus (LP-AIV) H9N2 and swine encephalitis
vaccine virus SA-14, all were obtained from the Poultry
Institute of Shandong.

RNA extraction
The genomic viral RNA was extracted from the cultures
obtained from embryo by using the MiniBEST viral
RNA Extraction kit (TaKaRa, Japan) according to the
manufacturer’s protocol. The RNA was eluted in a final
volume of 50 μL of elution buffer and stored at -80°C
until further use.

RT-PCR
In order to compare the sensitivity and specificity of the
RT-LAMP assay, one-step RT-PCR was performed with
DEV-specific primers designed from the E gene (Gen-
bank accession no.JF312912.1). E-F: 5, CCACGGAAT-
TAGCGGTTGT3, (position no.149 to 167), and E-R: 5,

TAAGTTGCCTTGGGATTATGAG 3, (position no. 261
to 279), targeting 112 bp. The amplification was done in
a reaction volume of 50 μL by using the TaKaRa One-
Step RT-PCR kit with 50 pmol of forward and reverse

Table 1 Details of RT-LAMP primers

Primer name and
component

Position Sequence

F3 (1039-1058) AATGACATGACACCAGTTGGGCA ACCATCCTTTGTGCTC

B3 (1259-1241) ATGGAGGTTCCACTTCCACCT

FIP(F1c+TTTT+F2) (1135-1120+TTTT+1069-
1087)

TTTACAGTCAACCCATACGTGT GGTAGGAAGTGGAAAAGGACTTTT
TAAAAGCTTTTCCAATTGT

BIP(B1c+TTTT+B2) (1155-1174+TTTT+1225-
1207)

GGCACCCGTGGAGGAGGTCG AGATCAGGTACCAGTGGCATAG

FLP (1106-1088)

BLP (1175-1196)
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primers and 2 μL of RNA according to the manufac-
turer’s protocol. The thermal profile of RT-PCR was 50°
C for 40 min and 94°C for 2 min, followed by 32 cycles
of 94°C for 30 s, 52°C for 30 s, 72°C for 30 s, and a final
extension cycle of 72°C for 10 min.

RT-LAMP
The RT-LAMP reaction was done in a reaction volume
of 25 μL containing 40 pmol each of the primers FIP
and BIP, 5 pmol each of the outer primers F3 and B3,
20 pmol each of the loop primers FLP and BLP, 1.0
mM deoxynucleoside triphosphate (Promega), 0.8 M
betaine (Ferments), 8 U of Bsm DNA polymerase (Fer-
ments), 10 U of the avian myeloblastosis virus reverse
transcriptase (TaKaRa), and 2 μL of the target RNA.
The reaction mixture was incubated at 63°C for 50 min
in a heating block and followed by heating at 85°C for 2
min to terminate the reaction. Negative and positive
controls were done in each run, and all precautions
were adopted to prevent cross-contamination.

Sensitivity and specificity of RT-LAMP and RT-PCR
The specificity of RT-LAMP reaction was done for the
three isolated strains. DPV isolate NJ, DHV, H9N2 and
SA-14 were used as contrastive specimens. The sensitiv-
ity of the RT-LAMP assay for the detection of DEV
RNA was determined by testing serial 10-fold dilutions
of RNA and compared with that of conventional RT-
PCR. In order to evaluate the detection limit of the
assays, the amount of DEV RNA was determined by
spectrophotometer and converted to molecular copies
by using the following computational formula [15].

Y(molecules/ul) =
X(g/ul)RNA

transcriptlength(bp) × 340
× 6.02 × 1023

Y is molecular copies, X is optical density ratio.

RT-LAMP visualization
The monitoring of RT-LAMP amplification was visually
observed under UV light (302 nm) following the addi-
tion of 1 μL of SYBR green I (1:1000) dye to the tube.

Agarose gel analysis
After incubation at 63°C for 50 min, 10 μL RT-LAMP
product was electrophoresed on a 2% agarose gel in
TAE buffer, followed by staining with ethidium bromide
and observed in image-forming system.

RT-LAMP assay with virus-attacked samples
15-day-old ducks were randomly divided into 2 groups:
the first group of 10 as drug group with an attacking
agent volume of 105TCID50 ml-1 by calculating with the
Reed-Muench cumulative method. The second group

was the control group, attacked by the same volume of
saline injection. Mortality was recorded daily for 10
days. After 10 days, dead ducks (7), ill ducks (3) and the
control ducks were killed and some organs (liver, kid-
ney, spleen, brain, follicle membrane) were processed as
samples for RT-LAMP.

RT-LAMP assay with clinical samples
The applicability of the RT-LAMP assay for clinical
diagnosis of DEV was validated with possible samples
collected from China between 2010 and 2011, and the
results were compared with those of conventional RT-
PCR and virus isolation. A total of 88 clinical samples
after clinic examination and serological testing were
used in this study for comparison.

Results
Following RT-LAMP amplification, white turbidity was
visually observed in the bottom of the tube. The inspec-
tion for amplification was also performed through the
observation of colour change following the addition of 1
μL of SYBR green I (1:1000) dye to the tube. For posi-
tive amplification, the original orange colour of the dye
changed to green that can be judged under UV light
(302 nm) (Figure 1).
As observed on agarose gel electrophoresis, the RT-

LAMP assay could amplify the target sequence of the E
gene of DEV at 63°C in 50 min. The amplification was
observed as a ladder-like pattern on the gel due to the
formation of a mixture of stem-loop DNAs with various
stem lengths (Figure 2). The RT-PCR could amplify the
target sequence on agarose gel electrophoresis (Figure 3).

Sensitivity and specificity of RT-LAMP and RT-PCR
The DEV-specific RT-LAMP primers demonstrated a
high degree of specificity for DEV only and failed to

Figure 1 The inspection of the RT-LAMP reaction stained with
SYBR Green I under UV light. Tubes 1: DEV SD isolate showed
green color; Tube 2: JEV SA14 did not show green color.
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detect all the control viruses. Further confirmation of
the structures of the amplified products was also done
by sequencing. The obtained sequences perfectly
matched with the expected nucleotide sequences.
The sensitivity of the RT-LAMP assay for the detec-

tion of DEV RNA was determined by testing serial 10-
fold dilutions of viral RNA and compared with that of
conventional RT-PCR.
The RT-LAMP assay was able to amplify the 10-5

fold RNA, and the comparative sensitivity of RT-PCR
revealed that it was 10-2 fold with the same original
RNA. RNA initial concentration was converted to
1.9×105 copies/μL according to above calculation for-
mula. So the detection limit of the RT-LAMP assay
was 2 copies/μL whereas the detection limit of the RT-
PCR assay was 190 copies/μL under UV light with
dying (Figure 4). Therefore, RT-LAMP assay was more
sensitive than RT-PCR. Furthermore, RT-LAMP can
complete within 1 h, much faster than that of RT-PCR
(3 h).

RT-LAMP assay with virus-attacked samples
The organs from the dead ducks (7), ill ducks (3)
showed special LAMP light through RT-LAMP assay.
Samples such as liver, kidney, spleen, brain and follicle
membrane were all confirmed by DEV attacking. There
were no reactions observed for the control ducks.

Evaluation of DEV RT-LAMP assay with clinical samples
A total of 88 clinical samples (including liver, kidney,
spleen, brain and follicle membrane) after clinic exami-
nation were used in this study. The comparative evalua-
tion of RT-LAMP and one-step RT-PCR revealed that
RT-LAMP had higher positive coincidence rate. As
summarized in Table 2, percentage of positive samples
detected by conventional RT-PCR, virus isolation and
RT-LAMP were 81/88, 74/88 and 85/88, respectively.
The RT-LAMP assay was evaluated to detect four

additional positive cases, whereas one-step RT-PCR
failed to detect. The sequencing of these 4 additional
cases matched with the expected nucleotide sequences,

Figure 2 Amplified products of the RT-LAMP assay were observed on a 2% agarose gel electrophoresis under UV. Three DEV positive
amplifications showed a ladder-like pattern (lane 1,2,5). M: marker DL2000; 1:BZ isolate;2:LC isolate; 3: DPV NJ; 4: JEV SA14;5: SD isolate.
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Figure 3 Amplified products of the RT-PCR assay are observed on a 2% agarose gel electrophoresis under UV. Three DEV positive
amplifications showed 112bp band (lane 1,2,3). M: marker DL2000;1:BZ isolate; 2:LC isolate;3:SD isolate; 4: DPV NJ; 5: JEV SA14.

Figure 4 Amplified products of the RT-LAMP and RT-PCR assay were observed on a 2% agarose gel electrophoresis under UV in the
sensitivity of the RT-LAMP assay. M: marker DL2000;1-5: Amplified products of serial 10-fold dilutions of virus in RT-LAMP: 1.9 × 105, 1.9 × 104,
1.9 × 103, 1.9 × 102, 1.9 × 101 copies of RNA, respectively; 6-9: Amplified products of serial 10-fold dilutions of virus in RT-PCR 1.9 × 105, 1.9 ×
104, 1.9 × 103, 1.9 × 102copies of RNA, respectively.
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thereby indicating the superior sensitivity of RT-LAMP
assay.

Discussions
The LAMP method does not rely on expensive and
sophisticated facilities such as thermal cyclers. The
amplified products of the reaction are shown as a lad-
der-like pattern by agarose gel electrophoresis. The pro-
ducts could be visually observed under UV light or
normal light by adding fluorescent dye. A by-product of
the LAMP reaction, magnesium pyrophosphate, can be
directly inspected by naked eye. The ordinary PCR
methods require either high-precision instruments for
the amplification or elaborate methods for the detection
of the amplified products [16]. In addition, these meth-
ods are often cumbersome to adapt for routine clinical
use, especially in peripheral health care settings and pri-
vate clinics [17].
Here, we described the establishment of a one-step,

single tube RT-LAMP assay for rapid detection of the
envelope gene of DEV genome and compared its sensi-
tivity and specificity with conventional RT-PCR. The
RT-LAMP assay for DEV showed excel specificity in
positive viruses and contrastive strains. As already
shown in the results, the estimated detection limit (2
copies/μL) of the DEV RT-LAMP assay was more sensi-
tive than conventional RT-PCR with the estimated
detection limit of 190 copies/μL.

Conclusions
In conclusion, this study presented a simple, sensitive
and specific RT-LAMP assay for detection of specific
nucleic acid sequence of DEV E gene. Considering these
advantages, the RT-LAMP assay can be applied as a
practical molecular diagnostic tool for DEV infection
and surveillance in laboratory or general conditions.
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