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Abgract

Based on the published sequences of different serotypes of swineinfluenzavirus (SIV), six degenerate primerswere designed to target the conserved
region of the SIV polymeraseA (PA) gene. An SIV reverse transcription |oop-mediated i sothermal amplification (RT-LAMP) assay was established
by employing the genomic material from SIV H1, H3, H5 and H9 subtype strains as templates. Reactions performed using a Loopamp LA-320

turbidimeter demonstrated that the four SIV subtype strains were specifically amplified within 45 min under isothermal conditions at 63°C. This
study demonstrated that there was effective amplification of the RNA template diluted 10*-fold, and 19 clinical samples were SIV positive in
concordance with detection by conventional virusisolation techniques. Further validation by gene chip analysis showed that there was 100% parity
compared with RT-LAMP. Of the 79 clinical samplesanalyzed by RT-LAMP, indicating that the assay was suitablefor S|V detection and wasrapid,

specific and sensitive.
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Introduction

Swine influenza virus (SIV), belonging to the family
Orthomyxoviridage, isthe causative agent of an acute and highly
contagious disease of pigs, namely swine influenza ® % °. Pigs
have played akey role as intermediate hosts for influenza virus
transmission among pigs, birds, and humans®*2 2, Swineepithelial
cells contain sialic acid o—2,3-galactose and sidic acid o—2,6-
galactose on their surface, of which human influenza viruses
recognize the former, whereas avian influenzaviruses recognize
thelatter %28, Therefore, swineepithelia cellscan beinfected by
both human and avian influenza viruses, and thus, pigs are
considered vectors that provide an environment conducive for
the rearrangement of the influenza virus genome leading to
antigenic shift2 Since S. IV can directly infect human cells
resulting in pathogenesis and even death, public awareness and
protection against SIV hasbecomeincreasingly important.

Inclinical influenzasamples, itiscommon to detect theH1 and
H3 subtypes of influenza virus > °, whereas H5N1 and HON2
subtype strains are only occasionally reported ” 6, Common
methods for virus detection include the hemagglutination-
inhibition (HI) assay, enzyme-linked immunosorbent assay
(EL1SA), and reversetranscription polymerase chain reaction (RT-
PCR) that all play important rolesin the convenient detection of
infected individuals. These techniques are especially important
in pig farms of towns and villages but they tend to be time-
consuming, have low specificity and sensitivity 4©. Notomi etal. ®
developed aloop-mediated isothermal amplification (LAMP) that
has significant advantages over other methods because of its
speed, sensitivity, and specificity %. The reaction is performed
under isothermal conditions and does not require precise
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laboratory facilities, thereby dramatically reducing the cost of
detection. Additionally, the efficient amplification usingthe LAMP
method enablesthe simplevisual observation of productsviathe
naked eye using acolorimetric method or an ultraviolet (UV) lamp.
Asapowerful geneamplificationtool, the SIV RT-LAMPdetection
method shows promise for the rapid identification of microbial
infectionsand isbeing increasingly usedinfiddinvestigationst %,
However, genome sequences vary among different SIV strains,
which makesdesigning universal primersfor the RT-LAMPassay
difficult and can hamper itswidespread applicability.

To attempt to solve the problems associated with SIV detection,
a SV RT-LAMP assay was developed according to the LAMP
method. Here, we demonstrate a specific and sensitive RT-LAMP
assay for the detection of different SIV subtypes.

Materialsand M ethods

Viruses. Referencestrains, SIV HIN1 (A/swine/lowal12/1976) and
H3N2 (A/swine/Texas/13/1978) were used to standardize the RT-
LAMPassay and were kind giftsfrom Dr. Goyal (University of
Minnesota, Minneapolis, MN USA). SIV subtype strainsA/swine/
HL/11/2006 (HIN1) and A/swine/TJ2007 (H3N2) wereisolated
and identified by the Control Institute of Veterinary Bioproducts
and Pharmaceuticals, China. Antigens for the HSN7, HON1 and
HIN2 subtypes were kind gifts from Dr Xueging Han. CSFV
(classical swinefever virus), PRRSV (porcine reproductive and
respiratory syndrome virus) GD strain, HON1 subtype strain of
AlV (avian influenza virus), PRV (pseudorabies virus), PPV
(porcine parvovirus), and PCV2 (porcine circovirus-2) were
provided by the National Reference Laboratory of CSFV.
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Clinical samples: A total of 79 serum sampleswere collected from
pigs diagnosed with clinical symptomsof SIV and maintained in
Hanks' balanced salt solution with antibiotics (0.25 mg/ml
amphotericin B, 50mg/ml gentamycin, and 50 mg/ml sodium benzyl
penicillin). All clinical sampleswere subjected to virusisolation
viachicken embryos and gene chip analysis 4.

RNA and DNA extraction: Total RNA wasextracted fromclinical

samplesusing TRIzol Reagent (Invitrogen, Germany) following
to the manufacturer’s instructions. Viral DNA was extracted

separately from PCV 2, PPV, and PRV using avirad DNA kit (Omega
Bio-tek, USA) according to the manufacturer’sinstructions. Nudec
acidswere uted in 60 ml dution buffer and stored at -20°C until

further use.

Primer design: The sequences of 54 SIV strains, including HA
and NA subtypes, were analyzed using the DNAMAN 5.9 and
DNAstar 5.0 software. Among the 54 strains obtained, variations
wererareintheregion between 550 nt and 780 nt of the polymerase
A gene (PA) gene, indicating that it was an ideal target sequence
for the RT-LAMP assay. Primerswere designed according to the
sequenceof theH1N1 strain (A/swineg/l owal12/1976) and realigned
with the other strains. Degenerate nucleotides were introduced
into primersat the5” and 3’ termini and the primersused for SIV
RT-LAMPareshowninTable 1.

RT-LAMPreaction: An RT-LAM Preaction system was devel oped
according to the RNA LAMP kit (JWR, Japan) according to the
manufacturer’sinstructions. The RT-LAMPreaction was carried
out in 20 ml reaction volumes using the Loopamp RNA
amplification kit containing 12.5 ml reaction mixture (RM), 1.5 ml
primer mixture (PM) consisting of 5 pmol primer F3, 5 pmol primer
B3, 40 pmol primer FIP, 40 pmol primer BIP, 20 pmol primer LF, 20
pmoal primer LB, 1 ml enzymemixture(EM), and 5.0ml RNA template.
When the heating block temperature reached 63°C, the mixtures
wereincubated for 45 min followed by heating at 80°C for 2 minto
terminatethe reaction.

I dentification of amplification products with real-time
turbidimeter: Reactionswere monitored using the Loopamp real-
timeturbidimeter LA-320 (Japan). Theoptica density (OD) value
at 650 nm was recorded every 6 s, and the reaction rate and
corresponding times were recorded using column diagrams and
curves (Fig. 1). According to the LAMP assay, samples with an
OD vaue>0.25 and reaction rate >0.1 were considered positive.

Specificity of the SIV RT-LAMP assay: To assessthe specificity
of the RT-LAMPassay for SIV, the genomic DNA from PCV 2 and
PRV and RNA of thePRRSV GD drain, AlV (HON1), SIV, and CSFV
were used asthetemplatefor SIV RT-LAMP. Cross-reactivity of

Table 1. Primersused for the SIV RT-LAMPassay.

theSIV RT-LAMPwith genomic materid fromPCV2, PRV,AIV, and
PRRSV GD strain was performed to determine specificity. The
reaction was incubated at 63°C for 45 min and analyzed using
agarose gel electrophoresis.

Sensitivity of the SIV RT-LAMP assay: To determine the
sengitivity of the S|V RT-LAMPassay, the RNA templ ate extracted
from avariety of virusestitrated to be 100 TCID, was serially-
diluted 10-fold, resulting in five serial titers from 10°-10*. The
reaction wasincubated at 63°C for 45 mininalLoopamp rea-time
turbidimeter.

Reproducibility of the SIV RT-LAMP assay: To evauate the
reproducibility and stability of the SIV RT-LAMP assay, three
batches of qualified RT-LAMP primersand reagentswere prepared
and the SIV RT-LAMP assay was repeated every month for six
months.

Evaluation of RT-LAMP assay with clinical samples. The
applicability of the RT-LAMP assay for the clinical diagnosis of
SIV wasvalidated with suspected samples collected from epidemic
areas. Clinical sampleswere collected, total RNA was extracted,
and tested using the RT-LAMP, virus isolation, and gene chip
anaysis.

Results

I dentification using the RT-LAMP assay: For the real-time
monitoring of the RT-LAMPassay, the RM wasincubated at 63°C
for 45 min in a Loopamp real-time turbidimeter. Detection was
performed by spectrophotometric analysis at 650 nm every 6 s.
The template for each of the SIV subtype strains HIN1, H3N2,
H5N7, HON1 and HON2 was detected, and anegative control using
water asatemplatewasal so used (Fig. 1). Samplesexhibiting an
increasein OD peaking >0.1 and an OD value of turbidity >0.25
within 45 min were considered positive. The reaction plot curve
diagram showed that the SIV HIN1, H3N2, H5N7, HON1 and HON2
subtype strainswere positive, with areaction rate peaking at >0.1
within45min.

Specificity and sensitivity of the RT-LAMP assay: Detection

results of the specificity tests were displayed through agarose
gel electrophoresis(Fig. 2). Referencestrainsof SIV HIN1 were
used as positive controls, and negative controls consisted of

water as atemplate. The specificity tests showed that the target
genewasamplified for SIV HIN1 strain, whereasthe nucleic acid
templatesfor PRRSV, CSFV, PRV, PPV, AIV (HIN1) and PCV2were
negative, indicating that the SIV RT-LAMP assay established in
the study was highly specific. To determine the sensitivity of the
SIV RT-LAMPassay, an RNA template (10 ng/ml) was extracted
from SIV previously titrated as 100 TCID,, followed by serial 10-
fold dilutions, and analyzed using the Loopamp real-time
turbidimeter. The assay demonstrated that there was till

effectiveamplification of the RNA template diluted 10*-fold

Name Sequence (5'-3")*

F3-PA AGGGGTCTATGGGATTCCTT

B3-PA GAAAGCTTGCCCTCAATG

FIP-PA WCGCATGGTTCCTGCGATTTCATCGTCAGTCCGAAAGAGGC
BIP-PA  RRCTTGCCGACCAAAGTCTCTCGGTTCGAATCCATCCACA
LF-PA AATCTTTCTTCAATTGTGTC

LB-PA CCGAACTTCTCCAGCCTTGA

(Fig. 3), themost dilute template used in the study. The OD
valuesof thefive concentrationsof SIV RNA templatewere
>0.25. Thestarting point of thereactiontimeincreased with
increasing dilution, whereasthereaction rate and peak val ues
remained at the samelevels(Fig. 4).

*Bold residues indicate degenerate nucleotides.
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Figure 1. The turbidity detection of Loopamp amplifications. Detection was performed by recording the
OD value at 650 nm every 6 s. CH2: positive control using HIN1 strain (A/swine/lowa/12/1976); CH3:
HIN1 strain (A/swine/HL/11/2006); CH4: H3N2 strain; CH5: H5N3; CH6: HIN1; CH7: HON2; CH1 and
CHB8: negative controlswater.

8
2000 bp =
1000 bp 8
750 bp =
500 bp S
250 bp 2
<
100bp Red=positive Green=negative
6 7 8
No of simple
Figure 2. Specificity of the SIV RT-LAMP assay. M; Figure3. Turbidity of SIV HIN1 genomic RNA dilution series: CH1: 1,
DNA ladder: DL 2000, 1: SIV HIN1 strain, 2: PRRSV, 3: CH2: 10, CH3: 102, CH4: 1073, CH5: 104
AIV HIN1strain, 4: CSFV, 5: PRV, 6: PPV, 7: PCV 2, 8:
H,0O.
Table2. Resultsof the SIV RT-LAMPassay using clinical samples
06 /""'r i ) compared to other methodsfor diagnosis, such asvirus
0.5 . | 1 . 1 -
r TSofatronandgenechipanatys's: :
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Figure4. Reaction rate of SIV HIN1 genomic RNA dilution series: FFATI positive negative positive
LINE 1: 10", LINE 2: 102, LINE 3: 107, LINE 4: 10 FFAS9 positive positive positive
DL357 positive negative positive
SLFD-3 positive negative positive
Reproducibility and stability: The SIV RT-LAMP tests using 3;?2'3 3 gg:gzz I;Zi?g\‘/’: gg:gzz
reference strainsof SIV H1N1 and H3N2, and anegative control JN8O positive positive positive
were performed each month for six months and showed that the HK-3 positive positive positive
SIV RT-LAMPassay had very good reproducibility and stability
overtime. that we had devel oped arapid and sensitive RT-LAMP assay for

SIV detection.
Evaluation of the RT-LAMP assay using clinical samples: The
real-time monitoring using the L oopamp turbidimeter determined Discussion
that of the 79 samples, 19 were SIV positivein accordancewith ~ Constructing simple and rapid detection systems is of great
theresults of chicken embryo identification (Table2). Combined  importancefor the diagnosisof disease, and identifying pathogens
with genechip analysis, the coincidenceratewas 100%, indicating  at an early stageissignificant for disease control and prevention.
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Swineinfluenzaisahighly contagious disease that causes severe
economic losses. Gene rearrangements are common in SIV and
pigsareintermediate hosts of both avian and mammalian influenza
viruses and have been considered “mixing pots’ that produce
novel recombinant viruses2Y. Therefore, asensitive and effective
method to detect the pathogen is necessary to identify perhaps
novel variants that could potentially result in the next influenza
pandemic. As a novel technique of nucleic acid amplification,

LAMP hasadvantagesover other molecular biological methods?-22
due to low cost and reagent requirements, in addition to high

sensitivity and specificity; required features for the diagnosis of

pathogens. However, there have been no reports to date on the
establishment of an SIV universal detection system or on the

combination of the LAMP assay using degenerate primers.

Inthe LAMP reaction, single nucleotide mutations might occur
to the 5" and 3’ termini of inner primers, which may make the
amplification of target sequences % impossible. Consequently,
circular DNA cannot be generated and self-primers could not be
formed. Since extensive variations commonly occur among SIV
subtypes, it is difficult to find contiguous conserved regions
suitablefor designing inner primers containing more than 50 bp.

Inthisstudy, to establish arapid, simple, and effective detection
systemfor SV, degenerateinner primersFIPand BIPweredesigned
to target a relatively conserved fragment of the SIV genome.
Effective and sensitive amplification was obtained by validation
with two standard SIV subtypes HIN1 and H3N2. Furthermore,
by placing emphasisonthe5” and 3’ termini, the conservation of
inner primersand design of LAMP universal primerswasachieved,
providing areference for the LAMP detection of other viruses.

Due to the high efficiency of LAMP amplification, severa
productsweregenerated, even at low reaction rates. Nevertheless,
this low reaction rate contradicts the mechanism of the LAMP
reaction, which makes LAMP amplifications false-positive
reactions® 18227 Most established RT-LAMPassaysare validated
by agarose gel electrophoresis of products. This is the most
extensively used identification method, but it can only be applied
toidentify thefinal results of the amplification, which can cause
error. Using the Loopamp turbidimeter in this assay, the reaction
wasmonitored inavisua and real-time manner, thefa se-positive
and non-specific reactions were excluded by setting standard
reaction conditions. Taking the result in Fig. 1a as an example,
when the reaction wasincubated for 19 min and 36 s, theincrease
in absorbance for sample CH6 climbed to its peak, and took only
3minfor theturbidity toincreaseto itsmaximum. Asdemonstrated
inFig. 1, thepeak valuewas>0.157, and therefore, the samplewas
considered positive.

Inthe LAMP reaction, asthe amplified sequence accumul ated
to athreshold, thereaction accel erated and reached its peak value
inashort period of time. Asshownin Fig. 4, dilutions of the RNA
template only affected the starting point of the reaction, but not
its effectiveness. Therefore, those samples that took longer for
thewhol ereaction (such as samples CH2 and CH3) likely correlate
withtheamount of the RNA template, whereasit took 3 minfor the
amplificationto increase from the threshold valueto its peak.

Conclusions
Establishing aRT-LAMP method that was effective amplification
of the RNA template diluted 10*-fold and no cross-reactivity was
observed withAlV, PPRSV, CSFV, PRV, PPV and PCV2to provide
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the specific and sensitivefor SIV. Further validation by gene chip
analysis showed that there was 100% parity compared with the
RT-LAMP assay. The SIV RT-LAMP assay had very good
reproducibility and stability over time. We successfully
established the RT-LAMPassay for SIV.
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