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Abstract We developed and evaluated a reverse transcrip-
tion loop-mediated isothermal amplification (RT-LAMP)
assay for detecting Duck hepatitis A virus type 1 (DHAV-1).
The amplification could be finished in 1 h under isothermal
conditions at 63 °C by employing a set of four primers tar-
geting the 2C gene of DHAV-1. The RT-LAMP assay showed
higher sensitivity than the RT-PCR with a detection limit of 0.1
ELDs,0.1 ml™' of DHAV-1. The RT-LAMP assay was highly
specific; no cross-reactivity was observed from the samples of
other related viruses, bacteria, allantoic fluid of normal chicken
embryos, or the livers of uninfected ducks. Thirty clinical
samples were subjected to detection by RT-LAMP, RT-PCR,
and virus isolation, which obtained completely consistent,
positive results. As a simple, rapid, and accurate detection
method, this RT-LAMP assay has important potential appli-
cations in the clinical diagnosis of DHAV-1.
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Introduction

Duck hepatitis virus type 1 (DHV-1), a member of family
Picornaviridae and genus Avihepatovirus, is a kind of sin-
gle-stranded RNA virus that causes an acute, highly lethal
disease in young ducklings called duck hepatitis. Duck
hepatitis leads to severe economic losses for duck raising
farms. Duck hepatitis virus includes three serotypes DHV-1,
DHV-2, and DHV-3. DHV-1 is distributed widely, while
DHV-2 and DHV-3 have only been reported in the UK
and the USA, respectively [1-7]. Duck hepatitis caused by
DHV-1 can lead to mortality up to 95 % in young ducklings
during the first week of life, thus accurate and efficient
diagnosis is extremely useful to control the initial disease
outbreak [1]. Recently, DHV-1 was renamed to DHAV, and
DHAV has three genotypes (DHAV-1, 2 ,and 3) [8-11].
DHAV-1 is distributed widely and prevalent in China,
DHAV-2 have been only isolated in Taiwan until now [9,
10], while DHAV-3 was first isolated in South Korea [11],
but now it is also epidemic in mainland of China.

The traditional detection methods, including virus iso-
lation and neutralization tests, are generally reliable for the
diagnosis of DHV-1 [12], but these methods have short-
comings, such as labor intensive, time consuming, and
have insufficient sensitivity which cannot detect extremely
low viral loads. To address this, a virus antigen-based
ELISA was first established in 1991 [13], then a recom-
binant VP1 protein-based ELISA was developed, which
showed agreement with the neutralization test [14]. Nucleic
acid-based assays such as RT-PCR, real-time RT-PCR, and
real-time quantitative PCR were developed and showed
high specificity and sensitivity [1, 8, 15-17]. However,
these assays need specialized and expensive equipment
such as a thermal cycler or real-time PCR system, thus they
are of limited application in rural areas.
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Loop-mediated isothermal amplification (LAMP) assay
was developed in 2000 [18], which is a novel nucleic acid
amplification method that occurs under isothermal condi-
tions. This method employs a DNA polymerase and a set of
four specially designed primers that recognize a total of six
distinct sequences on the target DNA, which can be ampli-
fied with high specificity. LAMP continues with the accu-
mulation of 10° copies of target in less than an hour [18]. As a
simple and efficient diagnostic technique, LAMP has been
used in the detection of various RNA or DNA viruses, such as
Avian leukosis virus [19, 20], Barley yellow dwarf virus
[21], swine transmissible gastroenteritis coronavirus [22],
avian influenza virus [23], and Foot-and-mouth disease virus
[24]. Here, we report a one-step, single-tube RT-LAMP
assay for the rapid detection DHAV-1, and its specificity and
sensitivity were assessed. This method has potential appli-
cations in the early diagnosis and forecasting of DHAV-1.

Materials and methods
Preparation of viruses and bacteria

The DHAV-1 strain (DHAV-SD, Stored at the China Gen-
eral Microbiological Culture Collection Center, CGMCC
No.3746) was propagated in the allantoic cavities of
9-day old SPF chicken embryos. The embryos that
died 36—72 hpost inoculation were collected. Allantoic fluid
was centrifuged (1,000x g at 4 °C for 10 min) and the sus-
pension was stored at —80 °C until it was used for RNA
extraction [1].

Duck enteritis virus (DEV), muscovy parvovirus (MPV),
avian influenza virus (AIV, HON2), Riemerella anatipestifer
(RA), Salmonella enteritidis, and Escherichia coli (O78),
which were maintained in our laboratory, were propagated
and the nucleic acids were extracted [1, 25-28].

RNA extraction

Total RNA was extracted from allantoic fluid and liver
samples using TRIzol reagent (Invitrogen, Carlsbad, USA)

Table 1 Primers used for the RT-LAMP and RT-PCR

according to the manufacturer’s instructions. DHAV-1
total RNA concentration was measured spectrophotomet-
rically at A260 and A280. This RNA was stored at —80 °C
before use.

Design of the primers for the RT-LAMP assay

The primers for the RT-LAMP amplification of DHAV-1
were designed based on the conserved region in the 2C
gene (GenBank accession no. JX183548). Primers F3, B3,
FIP, and BIP were designed by means of the primer soft-
ware Primer Explorer V4 (http://primerexplorer.jp/elamp
4.0.0/index.html; Eiken Chemical Co., Japan). The primer
sequences are shown in Table 1.

RT-LAMP

The RT-LAMP reaction was carried out in a total 25 pl
reaction volume containing 1 x ThermoPol Reaction
Buffer, 8U of Bst DNA polymerase, 10U AMV reverse
transcriptase (New England Biolabs, MA, USA), 1 mM
dNTP Mix (NewPep, Beijing, China), 0.8 M Betaine,
6 mM MgSO,, 0.2 uM of each of the F3 and B3 primers,
0.8 uM of each of the BIP and FIP primers, and 1.0 pl of
the target RNA. The mixture was incubated at 63 °C for
1 h followed by 5 min at 80 °C. After the reaction, the
amplified DNA products were detected by electrophoresis
on a 1.5 % agarose gel (Biowest Agarose, Spain) followed
by ethidium bromide staining under ultraviolet light [21].

RT-PCR

In order to compare the sensitivity of the RT-LAMP assay
with other conventional assays, an RT-PCR assay was
developed using two pairs of primers (For and Rev; F3 and
B3) according to the early report with some changes
(Table 1) [8]. The RT-PCR was carried out in a 25 pl total
reaction volume using the One-Step RT-PCR kit (NewPep,
Beijing, China) with 0.2 pM of each of the upstream and
downstream primers and 1 pl of target RNA, according to

Method Name  Position Length (nt) Sequence (5'-3')
RT-LAMP F3 4,299-4,320 22-mer ATGCTAAGAACTGAAAAAGACT

B3 4,494-4,511 18-mer ACCAAGAGGTTCAGGACG

FIP 4,328-4,345, 4,371-4,389 37-mer GGTTCAATGTGCCAGAGACTGAGCATAACACTCGTCC

BIP 4,393-4,415, 4,455-4,474 43-mer TCCAAGGTATTTCAAATGCTCGTGGCTCAAAATTGACTTGGTG
RT-PCR For 271-286 16-mer GGAGGTGGTGCTGAAA

Rev 502-520 19-mer CCTCAGGAACTAGTCTGGA
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the supplier’s instructions. The reaction conditions were
42 °C for 30 min, 94 °C for 3 min, 35 cycles at 94 °C for
30s, 50 °C for 30 s and 72 °C for 20s, and a final
elongation at 72 °C for 10 min. After amplification, the
RT-PCR products (250 bp or 213 bp) were analyzed by
electrophoresis on an ethidium bromide-stained 1.5 %
agarose gel.

Sensitivity comparison of RT-LAMP to RT-PCR

To detect the limit of the RT-LAMP and RT-PCR assay,
DHAV-1 total RNAs were extracted from the serially
10-fold diluted allantoic fluid, ranging from 10* to 1073
50 % egg lethal dose (ELDsy) per 100 pl. This single
dilution series was used as a template for the two assays.
The products were detected by agarose gel electrophoresis
as described above (1.5 % agarose, TAE) [21].

Specificity of the RT-LAMP

To assess the specificity of RT-LAMP, including poten-
tial cross-reactions with DHAV-1, DEV, MPV, AIlV,
R. anatipestifer (RA), S. enteritidis, and E. coli (O78)
were examined. Total RNA from the allantoic fluid of
normal chicken embryos and livers of uninfected ducks
were also assayed.

Clinical specimen evaluation

To evaluate the reliability of the RT-LAMP assay,
30 clinical liver samples were collected from DHAV-sus-
pected Ducks in different Provinces of China, including
Shandong, Hebei, Sichun, and Beijing. RNA was extracted
from these samples and detected by both the RT-LAMP
and RT-PCR. The products were detected by agarose gel
electrophoresis (1.5 % agarose, TAE). The virus isolation
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Fig. 1 Comparison of detection sensitivity between RT-LAMP and
RT-PCR by agarose gel electrophoresis. DHAV-1 RNA was serially
diluted in 10-fold increments (107> to 107°). a DHAV-1-specific
RT-LAMP reaction. b DHAV-1-specific RT-PCR reaction using For
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method was also applied to the 30 clinical liver samples
using the method previously described [8].

Results
Design of the primers for the RT-LAMP assay

In order to obtain more specificity and detect multiple
strains of DHAV-1, the RT-LAMP primers were designed
based on a highly conserved region of the 2C gene of the
DHAV-1 strain. The one-step, single-tube, RT-LAMP
assay was optimized with the selected primer set by
varying the ratio of the concentrations of MgSO, and
dNTP, the reaction temperature, and time.

Sensitivity of RT-LAMP

To compare the sensitivity of the RT-LAMP assay with the
conventional RT-PCR, the two assays were used to detect
the same RNAs which were extracted from 10-fold serial
dilutions (from 10* to 10~ ELD50 per 100 ul) of allantoic
fluid. DHAV-1 total RNA concentrations were also mea-
sured spectrophotometrically at A260 and A280. There-
fore, the corresponding RNA concentration range is from
2 x 10* pg to 2 x 107 pg per assay. The results are
shown in Fig. 1. The detection limit of the RT-LAMP
assay was 0.1 ELDs, per 100 pl, equivalent to 2 x 10! pg
DHAV-1 total RNA per reaction, which was 100-fold
higher than the RT-PCR assay. In addition, the RT-PCR
assay using two pairs of primers have the same sensitivity.

Specificity of RT-LAMP

The cross-reactivity of the DHAV-1 RT-LAMP assay was
evaluated with RNA from DEV, MPV, ALV, RA, S. enteritidis,

2 3 4 56 7 8

(B) ©)

and Rev primers. ¢ DHAV-1-specific RT-PCR reaction using F3 and
B3 primers. Lane M, DNA size marker (NP5,000, NewPep,
Beijing,China); lanes 1-8, extracted total RNA serially diluted in
10-fold increments (1072 to 10™°%)
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Fig. 2 Specificity of the RT-LAMP assay for DHAV-1 detection
agarose gel analysis of different viruses and bacteria cross-reaction in
the RT-LAMP assay. Lane M DNA size marker (NP5000, NewPep,
Beijing, China); lane I positive control (DHAV-1 RNA); lanes 2-7
products of DEV, NDV, MPV, AlV, Salmonella enteritidis and
Escherichia coli (O78); lane 8 allantoic fluid of normal chicken
embryos; lane 9 liver of uninfected duck

E. coli (O78), allantoic fluid of normal chicken embryos, and
liver of uninfected duck. All these reactions were negative
(Fig. 2).

Evaluation of RT-LAMP for clinical specimens

To evaluate the feasibility of RT-LAMP of detecting
DHAV-1 in clinical specimens, 30 clinical specimens
collected over the past years were assayed by RT-LAMP
and RT-PCR. In parallel, virus isolation was also per-
formed. The results showed that 11 of the 30 samples tested

Fig. 3 Agarose gel analysis of M 1
clinical samples detected by

a RT-LAMP and b RT-PCR
Lane M DNA size marker
(NP5,000, NewPep, Beijing,
China); lane 1 positive control
(DHAV-1 RNA); lane 2
negative control (liver of
uninfected duck); lanes 3-32
clinical samples obtained from
different districts of China

(B)
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contained DHAV-1 by virus isolation, the same 11 clinical
specimens were also positive by both RT-LAMP and
RT-PCR (Fig. 3). The results of RT-LAMP, RT-PCR, and
virus isolation were 100 % correlated.

Discussion

Several nucleic acid amplification techniques have been
developed for the specific and sensitive detection of DHV-1,
including RT-PCR and real-time PCR. However, these
assays require considerable operator skills, expensive
equipment, and 2—4 h for amplification; thus, the application
of these assays is limited in the field. Compared to traditional
PCR technology, LAMP has more advantages. First, LAMP
is more specific since it requires 4 or 6 primers to identify 6 or
8 specific domains [18, 19], while PCR uses only two
primers. Second, LAMP is more sensitive, for the amplifi-
cation of LAMP is more efficient than PCR. Third, LAMP
does not require expensive and complex equipment, instead
it can be performed using a water bath or heat block for
incubation under isothermal conditions. Finally, LAMP is
time saving, the assay can be accomplished within 1 h,
whereas the PCR technology typically requires 2—4 h [29].
In addition, the LAMP amplification products can be
observed by the naked eye directly, as sometimes a white
precipitate of magnesium pyrophosphate form during the
reaction [30].

After a comparison of different DHAV-1 subgroup
genomes, the conserved domain 2C of the genome was
selected as the domain for LAMP primer design and was
used for screening a group of primers with good amplifi-
cation efficiency. The 3D gene has also been used to design
primers for detection of DHV-1 in the early reports, which
encodes an RNA-dependent RNA polymerase [1, 17, 31].
Given that many viruses have RNA polymerase gene, we
prefer to choose 2C gene as a detecting marker. A one-step
RT-LAMP assay with high specificity and sensitivity was
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developed for rapid diagnosis of DHAV-1, which has no
cross-reaction with DEV, MPV, AIV, R. anatipestifer
(RA), S. enteritidis, and E. coli (O78), suggesting that this
technique has high specificity to distinguish among some
common avian viruses and bacteria at the nucleic acid
level. The RT-LAMP has a detection limit of 0.1 ELDs
per 100 pl, equivalent to 2 x 10" pg DHAV-1 total RNA
per reaction, which was 100 times more sensitive than the
conventional RT-PCR, which suggested that this method is
useful for the detection of low levels of DHAV-1 and is
also useful for confirming the early stages of DHAV-1
infection when viral titers are relatively low.

The RT-LAMP method was also used to detect DHAV-1
in clinical samples. The results from the RT-LAMP assay
were consistent with the RT-PCR and viral isolation methods,
further confirming the reliability of the RT-LAMP assay.
Considering that DHAV-1 RT-LAMP has many advantages,
such as being highly sensitive, simple, specific, less time
consuming, and not requiring expensive equipment, it is
therefore more suitable for use as a DHAV-1 diagnostic tool
in the field or rural areas than other nucleic acid-based assays.
In summary, the DHAV-1 RT-LAMP assay we developed
could be a potential diagnostic method for use in the sur-
veillance, control, and molecular epidemiological screening
of DHAV-1 for using in developing countries.
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