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Abstract: To develop a new, rapid, practical and sensitive method for detection of Porcine Epidemic Diarrhea
Virus (PEDV), a Reverse Transcription Loop Mediated isothermal Amplification (RT-LAMP) assay was
established based on six primers in the conserved gene. The method had specificity but no cross-reaction with
other viruses and was 100 fold higher than RT-PCR. The result suggested that the newly developed RT-LAMP
assay is a simple and specific method for rapid detection of PEDV in field conditions and it has a high practical

value in PEDV integrated control and early diagnosis.
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INTRODUCTION

Porcine Epidemic Diarrhea (PED) which is diseased
by Porcine Epidemic Diarrthea Virus (PEDV) 1s a lughly
contagious, enteric disease of swine characterized by
vomiting, dehydration and a high mortality in piglets. PED
has relatively high morbidity and mortality rates in piglets,
fattening pigs and store pigs, especially in piglets
(Chae et al., 2000) and had been brought large economy
losses to the pig mdustry all over the world. There were
many detection methods (Kim and Chae, 2001, 2002,
Tung et al., 2003; Kim et af., 2000) which include clinical
observation, microscopic observation, neutralization
test, immunofluorescence technique, Enzyme-Linked
Immunosorbent Assay (ELISA), immunohistochemical
techmique, #n situ hybridization and polymerase chain
reaction. However, now there is no rapid method in the
detection of large-scale clinical samples. In this study,
the method of LAMP which is a rapid and practical
method would be set up. This method could detect
small sample of PEDY and realize the early and rapidly
virus detection.

MATERIALS AND METHODS

Virus strain: Porcine Epidemic Diarrhea Virus
(PEDV), Transmissible Gastroenteritis Virus (TGEV),
Porcine Rotavirus (PRV), Porcine Reproductive and
Respiratory Syndrome Virus (PRRSV) and Swine Fever
Virus (CSFV) were provided by the laboratory and
stored.

Treatment of diseased: Small intestine and its contents of
pathological pigs were added to DMEM which contains
3% newborn calf serum at a ratio of 1-5. The mixtures were
transferred into a centrifuge tube of 1.5 mL and then the
mixtures were repeatedly frozen and thawed in three times.
The mixtures were centrifuged at 5000 min~' for 10 minin
follow. Supernatants were collected.

Reagents Betaine was purchased from Sigma, 1000X
fluorescent dye SYBR Green | were purchased from
Invitrogen Corporation. rTaq DNA polymerase (317 pul. ™),
dNTP, DNA Marker DL2000 from Takara Bio Co., Ltd.
BstDNA polymerase from New England Biolabs Inc.,
USA, Inc.; trypsin, DMEM from Gibco-BRL, Inc. others
from Sangon Shanghai biotech (Shanghai) Co., Ttd.

The primers of RT-LAMP: According to the conserved
sequence of N gene in PEDV primers were designed by
primer explorer V4 Software. The primers included a pair of
outer primers F3 and B3, a pair of inner primers FIP and
BIP, a pair of PCR primers that amplified fragment size of
177 bp. All primers were synthesized by Sangon Shanghai
biotech (Shanghai) Co., Ltd. The sequences of primer are
as follows:

BIP: 8-GCAGCTTGCTTCGGACCCAGTTTTCCTGACGC
ATCAACACCTT-3

FIP: 3-CGCCCTTGGGAATTCTCCTCCTTTTGGCCACT

CGAAGGAACG-3
B3: ¥-AACTGGCGATCTGAGCATAG-3'
F3: 3-ACAGCGGCAAAAATACACCT-3
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Pl: - GGAACAGGACCTCACGCC -3
P2: 5-AGGTTCAACAATCTCAACTACACTG -3

The extraction of viral RNA: About 250 ul. virus solution
was added to 500 pl. Trizol, oscillated 1 min, room
temperature for 10 min. About 200 ul. chloroform was
added and mixed thoroughly, room temperature for 10 min
then centrifuged at 12000 r min~' for 10 min at 4°C. The
supernatant was transferred to a new 1.5 mL tube to wlich
one time 1sopropyl alcohol was added and mixed
thoroughly, precipitated at -20°C for 50 min, centrifuged
at 12000 r min~' for 10 min, dissclved the precipitation
with 20 pL of DEPC-treated water.

The RT-LAMP reaction conditions determined of PEDV:
The LAMP reaction system of PEDV was 25 ul: 10X
buffer for 2.5 pl, AMV (5 UpL ™ for 1.0 ul., Bst E
(R U uL ™" for 1.0 ulL, ANTP (2.5 mM) for 4 pl., the primers
of FIP and BIP (40 1) for 0.5 pL, the primers of F3 and B3
(15 pM) for 0.5 pL, template for 4.0 L, SM betane for
5.0 L and 5.5 pL of water. The LAMP reaction solutions
were respectively mcubated at water bath of 63°C for 30,
45, 60 and 120 min, 10 pL of reaction products were
analysised with 2% agarose gel.

The visual detection of PEDV by RT-LAMP: After the end
of reaction, 1 ul. dye SYBR Green was added to the LAMP
reaction solutions, observing the color of the LAMP
reaction solution and then whether reaction solution
produced fluorescence in UV light.

Sensitivity and specificity detection of PEDV by RT-
LAMP: The plasmid of pMD18-N which contians N gene
of PEDV was diluted into six concentrations, there
respectively contained 1x10° 1x10% 1x10°, 1x10°% 1x10!
and 1x10" plasmid copies per micreliter, 1 uL solution were
used to RT-LAMP and PCR testing and tissue RNA was
extracted from the pig which carried PEDV, TGEV, PRV,
PRRSV and CSFV. Healthy pigs were the negative control.
All templates were used to RT-LAMP to verify the
specificity of the method.

Repeatability detection of PEDV by RT-LAMP: Three
different people who detected the PEDV three times with
time mtervale of 5 and 10 days, detected 20 of PEDV that
collected from different cell culture passages. Coetficients

of variation were calculated base on the test result of
RT-LAMP.

RT-LAMP detect PEDV on clinical: The RNA extracted
from 12 material of porcine epidemic diarrhea was detected
by RT-PCR and RT-LAMP.

RESULTS

PEDV RT-LAMP reaction system optimized: The LAMP
reaction solutions were reacted after 30, 45, 60 and 120 min
then the reaction products were analysised with agarose
gel, the result showing that after amplified 45, 60 and
120 min there were specific bands but after amplified
30 min there were no bands (Fig. 1).

The visual effect of PEDV by RT-LAMP: From the result
researchers could see, after amplified 45, 60 and 120 mm,
dye SYBR Green was added to the LAMP reaction
solutions, the reaction solutions showed a clear emerald
green. But after amplified 30 min, dye SYBR Green was
added, the reaction solution was pale orange (Fig. 2).

Sensitivity effects of PEDV by RT-LAMP: Total RNA
whose Concentration was 5.6 ng pL.~" were extracted from
250 pL virus solution, 10 fold gradient dilution of total
RNA were as a template for RT-LAMP and PCR. The
result showed that the RNA sensitivity concentrations of
PEDYV that were measured by the method of LAMP were
565107 ng uL™ (Fig. 3) and The RNA sensitivity
concentrations of PEDV that were measured by PCR were
5.6x107ng ul.™" (Fig. 4.
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Fig. 1: PEDV RT-LAMP reaction system optimized; 1:
120; 2: 60; 3: 45 and 4: 30 min; M: DL2000 Marker
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Fig. 2: The visual effect of PEDV by RT-LAM; 1: 120, 2:
60, 3: 45 and 4: 30 min
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Fig. 3: Sensitivity effects of PEDV by RT-LAMP, M:
DL2000Marker; 1-10: 10 fold gradient dilution of
total RNA of PEDV (5.6x107" t0 5.6x10 "’ ng pL.™")
were the template of RT-LAMP

Fig. 4: Sensitivity effects of PEDV by RT-PCR; M:
DL2000 Marker; 1-10: 10 fold gradient dilution of
total RNA of PEDV (5.6x107" t0 5.6x10 "’ ng pL.™")
was the template of RT-PCR

Specificity effects of PEDV by RT-LAMP: The method of
LAMP on PEDV can detect the nucleic acid of PEDV.
However, this method could not detect the nucleic acids
of TGEV, PRV, PRRSV and CSFV even the isothermal
amplification time was extended to 2 h. The total RNA of
healthy animal tissue and sterile water were the negative
control (Fig. 5).

Repeatability effects of PEDV by RT-LAMP: About 20
different cell culture passages of PEDV were detected by
RT-LAMP, intra-assay coefficient of variability were 5.3,
3.1 and 3.0%, respectively and inter-assay coefficient of
variability were 3.4%. This result showed that the method
has good repeatability (Table 1).

RT-LLAMP applying on clinical on PEDV: About 12
suspected diseased were extracted total RNA and
detected by RT-LAMP, those RNA detected by RT-PCR,
the positive rate of PEDV in samples was 58.3% (8/12).
This result showed, the detection sensitivity of RT-LAMP
was higher than conventional RT-PCR (Table 2).

Fig. 5: Electrophoresis results of RT-LAMP on PEDV; M:
DI1.2000 Marker; 1-7: Electrophoresis results of
RT-LAMP, respectively was the total RNA of
TGEV, PRV, PRRSV, CSFV, healthy animal tissue,
H,0 and PEDV

Table 1: Repeatability effects of PEDV by RT-LAMP
CoefTicient of variability (CV (¢9))

Batch Number of positive (A) Intra-assay Inter-assay
1 20 53 34

2 19 31

Table 2: The comparison of RT-LAMP and RT-PCR on clinical on PEDV

Sample

number 1 2 3 4 5 6 7 8 9 10 11 12
RT-PCR + -+ o+ -+ - - + -+ o+
RT-LAMP + - + + + + - + o+ -+ o+

+: Positive result; -: Negative result

DISCUSSION

In the 1980s, the first PEDV was found in China and
since then many reports have been published about PED.
In recent vears, the disease i1s showing a gradually
expanding trend. Therefore, an effective method which is
a rapid and accurate detection for PDE m early time has a
great significance (Sun et al., 2006). A novel isothermal
method of nucleic acid amplification known as Loop-
Mediated isothermal Amplification (LAMP) proposed
by Notomi has been developed. The technology relied
on the six primers which was specific areas in the target
sequence could be 1dentified and the BstDNA polymerase
which had the function of unwinding, target secuences
could be efficient, rapid, specific amplification at a
constant temperature.

CONCLUSION

In this study, The LAMP Method employs four
primers that specifically recognize six distinct sequences
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on the target DNA and a Bst polymerase that has a strand
displacement activity, four primers including Forward
Inner Primer (FIP), Forward outer primer (F3), Backward
Tnner Primer (BIP), Backward outer primer (B3). The target
DNA can be amplified from a few original copies to
109~1010 copies in <1 h under isothermal conditions
ranging from 60-65°C. To compare the sensitivity of
LAMP and PCR for detecting the PED, the sensitivity of
LAMP was 5.6<107" ng pL.™" and the sensitivity of PCR
was 5.6x107° ng uL.~' so, LAMP had strong sensitivity
and wvery high, specificity. If dye SYBR Green is
added to the LAMP reaction solutions, the result can
be judged through eyes (Tsugunori et «l, 2000,
Zhi-Feng et al., 2008). The step of LAMP 1s very easy.
This method could greatly improve the efficiency of
detection and could apply on base and site. In this study,
LAMP technology applied on the detection of PEDV in
order to study the sensitivity specificity, repeatability and
stability of LAMP. Tt proved that this method has the
advantage of simple, rapid, sensitive and specific, etc. so,
it has very high practical value on comprehensive
prevention and early diagnosis of PEDV.
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