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A novel assay method to detect the highly virulent Porcine reproductive and respiratory syndrome virus
(PRRSV) termed reverse transcriptase loop-mediated isothermal amplification (RT-LAMP), was reported
by using hydroxynaphthol blue (HNB) as the LAMP product colorimetric judgment. By the set of special
primers, targeting the sequence that belongs to Nsp2 gene containing an 87 bp deletion mutation, the
LAMP-based assay could be completed within 1 h at 63°C. Final concentration of 150 mM HNB was
confirmed to be appropriate in LAMP product judgment without impact on the reaction system. The
detection limit of the assay was 10° copies per reaction, as determined by using a recombined plasmid.
Genomes of various viruses were used to confirm the specificity of the LAMP-based assay, but only the
highly virulent strains of PRRSV could be detected. All the internal organs from three stillborn piglets
from a herd of pigs with PRRS-like symptoms were confirmed by LAMP-based assay to be infected not
only with classical PRRSVs, but also the variant strains. These results suggest that the RT-LAMP assay
with HNB provides a useful tool for the diagnosis of the highly virulent PRRSV infections in porcine
rapidly.
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virus (PRRSV), hydroxynaphthol blue (HNB).

INTRODUCTION

Porcine reproductive and respiratory syndrome virus
(PRRSV) is a small, enveloped, single-stranded positive
sense RNA virus, and can be classified as a member of
the genus Arterivirus of the family Arteriviridae (Benfield,
1992). There are two major prototypes of PRRSV; type |
representing the European prototype (Lelystad virus, LV),
and type Il with the Northern American strain ATCC
VR2332 as a prototype (Benfield, 1992; Bautista et al.,
1993; Meulenberg et al.,, 1993). This virus was first
discovered in the USA in 1987 and subsequently in
Europe (Albina, 1997). Then, in early 1990s, the virus
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was identified in Asia (Murakami et al., 1994; Tian et al.,
2007). PRRSV was first confirmed in China in 1996 and
later became widely spread. Most of the isolations in
China, including the variant strains with high
pathogenicity, had been identified as the member of the
Northern American strain (Gao et al., 2004; Chen et al.,
2006; Tian et al., 2007).

The genome of PRRSV is about 15 kb in length and
contains nine open reading frames (ORFs). ORF1
encodes non-structural proteins (Nsp2), ORF2-ORF5
encodes structural glycoproteins (GP2-5), ORF6 encodes
the matrix (M) protein and ORF7 encodes the nucleo-
capsid (N) protein (Meulenberg et al., 1993; Murtaugh et
al., 1995). As shown by previous studies, an 87 bp
fragment deletion in nsp2 gene was implicated in the
highly virulent PRRSV (Li et al., 2007; Tian et al., 2007).



Normally, PRRSV infection can cause porcine
reproductive and respiratory syndrome (PRRS), which is
characterized by reproductive failure in sows as well as
respiratory disease in piglets and growing pigs
(Stevenson et al,, 1993; Rossow, 1998). However, in
2006, during the outbreaks of this disease caused by the
highly virulent PRRSV, numerous adult sows were also
infected by this atypical pathogen. The symptoms of the
atypical PRRS involved shivering, high fever,
erythematous blanching rash, etc., which looked like the
disease of hog cholera (Tian et al., 2007).

Apparently, there are few methods developed for
specific diagnosis of highly virulent PRRSV. Conventional
RT-PCR based on electrophoresis could distinguish the
variant PRRSV from the normal PRRSV according to the
different product size (Hao et al., 2007). Then, real-time
PCR based on specific probes was able to directly detect
the highly virulent PRRSV (Xiao et al., 2008; Chen et al.,
2009). Furthermore, this kind of probes could also be
used in microarray assay for differentiating diagnosis of
the highly virulent PRRSV (Guo et al., 2010). Loop-
mediated isothermal amplification (LAMP), as a novel
assay method, can amplify specific DNA sequences with
high efficiency (Notomi et al., 2000). Chen et al. (2009)
developed a LAMP-based assay according to a set of
four primers targeting the conserved regions of ORFla
gene (Chen et al., 2009). In their study, though the
method could amplify the ORFla gene of the highly
virulent PRRSV with high sensitivity, there were no further
data to ascertain the specificity of the LAMP primers only
targeting the highly virulent strains.

In this study, the development of a reverse
transcriptase-LAMP (RT-LAMP) assay for highly virulent
PRRSV based on its characteristics of Nsp2 gene
fragment were described and this method was shown to
be specific and efficient. Furthermore, the validation of a
visualization indicator, called hydroxynaphthol blue (HNB)
was also investigated.

MATERIALS AND METHODS
Target sequence and primers

Six primers of F3, B3, FIP, BIP, LF and LB for the LAMP method
were designed using the LAMP primer designing software (Primer
explorer, Japan). All the primers were designed targeting Nsp2
gene fragment of one strain of highly virulent PRRSV (accession
no. EF075945) and listed in Figure 1a. The 87 bp deletion mutation
(genome position: 2929) was located between the F2 region and
the LFc. The primers were synthesized by Sangon Biotech
(ShangHai) Co., Ltd.

LAMP reaction

A universal system was used in the RT-LAMP method. The reaction
was carried out in a 25 pL final mixture containing 0.8 M betaine
(Sigma), 20 mM Tris-HCI (pH 8.8), 10 mM KCI, 8 mM MgSOQ,, 10
mM (NH4)2S0O,, 0.1% Tween 20, 2.8 mM each dNTP, 16 U Bst DNA
polymerase (New England Biolabs) and 0.2 U AMV reversed
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transcriptase (Promega). The primers in the reaction mix contained
40 pM (each) of FIP and BIP, 5 pM (each) of F3 and B3, and 20 pM
(each) of LF and LB. The reaction mixture with 2 pL template was
incubated at 63°C for 60 min in a Loopamp real-time turbidimeter
(LA-200; Teramecs). The machine could record the optical density
at 400 nm through spectrophotometric analysis. Positive results
were determined by taking into account the time of positivity, when
the turbidity increased above the threshold value fixed at 0.1. As for
the mixtures with HNB, a simple isothermal heater was used and
the results were directly judged by eyes.

HNB as a visualization indicator

HNB (Sigma) was dissolved in distilled water at 20 mM to prepare a
stock solution, and a serially diluted HNB solution was prepared
with distilled water from the stock solution. Different concentrations
of HNB including 50, 100, 120, 150 and 200 mM, were separately
added to the 25 pL mixture. After amplification was completed, the
colour was assessed by eyes. The optional concentration of HNB
(150 mM) was also used in sensitivity and specificity test as well as
analysis of clinic samples.

Sensitivity and specificity test

A standard plasmid containing the target sequence was constructed
in order to detect the sensitivity of the LAMP method. A pair of PCR
primers (Forward: 5-CCCTCCACCAAGAGTTCAACC-3,
Backward: 5-ACGCATCACAAGCCTCACG-3’) were designed to
get a PCR fragment of the target sequence (a 629 bp fragment of
Nsp2 gene). The fragment was cloned into pEASY T1 Simple
vector (TransGen) according to the instructions of the manufacturer.
The constructed plasmids were propagated in TOP10 competent
cell (TransGen) and were purified by EasyPure Mini Plasmid
Purification Kit (TransGen) and by measuring OD2so value using DU
800 Nucleic Acid/Protein Analyzer (BECHMAN COULTER). Ten-fold
dilutions were prepared for affording 10° to 10° copies per reaction
for LAMP reaction. The specificity of LAMP was demonstrated by
the utilization of classical PRRSV, Porcine parvoviruses (PPV),
Actinobacillus pleuropneumoniae (APP), Mycoplasma
hyopneumoniae (Mhp), classical swine fever virus (CSFV),
Pseudorabies virus (PRV) and foot-and-mouth disease virus
(FMDV), which causes similar reproductive or respiratory symptoms

in pigs.

Clinic sample

The internal organs of three stillborn piglets including lymph nodes,
kidney, spleen lung and liver were collected and stored at -80°C
from a pig farm in Shandong province of China which suffered the
outbreak of PRRS characterized by stillborn piglets, mummified
fetuses and high fever. The total RNA of these tissues was
extracted and purified by a Total RNA Mini Kit (GeneAid). After
eluted with 50 pL of RNase-free water, the purified RNA was stored
at -80°C. An aliquot of 2 yL RNA was applied to each reaction tube
for RT-LAMP incubated at 63°C for 60 min in a simple isothermal
heater. An RT-LAMP-based assay for diagnosis of classical
PRRSYV, according to our previous work (Zhang et al., 2010) was
also carried out for the same samples.

RESULTS
Validation of HNB

In this study, HBN was used as a colorimetric indicator;
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(a)

Primer name Genome position Sequence(5'-3")

F3 2884-2902 CCTTTGAGTGGGTCAGCAC
B3 3089-3106 GTGCAGGGTTGGTGTCATT
Flec 2953-2972
FIP* GCAGACAAATCCAGAGGCTC-titt=AGTTCCTGCACCGCGTAGA
F2 2904-2922
Blc 3003-3022 - e ) S o
BIP* CCTAGCACCGTCGCAGAACA-tttt=-TCACTCAGGACTTCCTCAGC
B2 3052-3071
LF 2033-2949 CTGGTGCGTCAGCGTITG
LB 3022-3039 ATGGGCATCCTGGAGGCG
Mutation site H
(b) LF BIP B3
[— [ | [—
Sense 5 [ 13— rz P e — w1 [ Bic — 18 |— B2c |—] B3c| 3’
Antisense 3’ | F3c f— F2c |— 1F — Fic | | Bl — LBc — B2 — B3 | b
[ ] [——
F3 FIP LB

Figure 1. Primers designed for LAMP. (a)Details of LAMP primers targeting Nsp2 gene; (b) The binding regions of LAMP primers. The
mutation site was located between the F2 region and the LFc.*FIP and BIP are inner primers using a TTTT spacer to connect two
binding regions. (FIP is composed of 5’-F1c-TTTT-F2-3’ and BIP is composed of 5’-B1c-TTTT-B2-3’).

the colour of the positive reaction changed from violet to
sky blue as shown in Figure 2a, and the colour of both
positive and negative mixtures became deeper in accord
with the increasing concentration of HNB. The final con-
centration of 150 mM HNB was chosen for subsequent
experiment based on the bright colour and significant
difference between positive samples and negative
samples. Additionally, the sensitivity test of the reaction
system with HNB suggested that HNB at the con-
centration of 150 mM was available in the judgment of
RT-LAMP result without inhibition of the reaction (Figure
2b).

Sensitivity and specificity

To evaluate the sensitivities of the RT-LAMP method, the
10-fold serial diluted recombinant plasmids were
subjected to the RT-LAMP reaction both with and without
150 mM HNB in the final mix. As indicated in the result,

both systems could detect down to 10° copies per
reaction, indicating that HNB added into the tube before
incubation had no influence on the sensitivity of the RT-
LAMP-based assay (Figures 3 and 2b). According to the
result of specificity test as shown in Figure 2c, only the
highly virulent PRRSV was detected as a positive result
of colour change, while the genome of other pathogens,
including the classical PRRSV without mutation in Nsp2
gene, could not be amplified in the developed RT-LAMP
system.

Test of clinic samples

Lymph node, kidney, spleen, lung and liver samples of
three stillborn piglets from a herd of pigs with PRRS-like
symptoms were collected for the diagnosis of the variant
PRRSV as well as for the identification of the classical
PRRSV using a published method (Zhang et al., 2010).
As shown in Table 1, all the samples were confirmed to
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Figure 2. Validation of HNB. (a) Optimization of HNB concentration; the concentration for each reaction is shown at the top. (b) Sensitivity
of RT-LAMP method using 150 mM HNB (6 to 0: 10°, 10°, 10%, 10°% 107, 10%, 100 copies per reaction). N, negative control. (c) Specificity
of RT-LAMP method using 150 mM HNB. N, Negative control. P, positive control using the variant PRRSV RNA; 1 to 7, classical PRRSV,
Porcine parvoviruses (PPV), Actinobacillus pleuropneumoniae (APP), Mycoplasma hyopneumoniae (Mhp), Classical Swine Fever virus
(CSFV), Pseudorabies virus (PRV) and foot-and-mouth disease virus (FMDV), respectively.

be infected with PRRSV, some of which might be also
infected with the highly virulent strains.

DISCUSSION

A set of well-designed primers are critical for the
efficiency of LAMP, and the distance between primers is
one of the key factors in LAMP primer design. Previous
works have shown that the appropriate distance from 5’

end of F2 to the 5’ end of F1 was between 40 and 60 bp
(Notomi et al., 2000). The primers used in our research
practically hybridized to the genome of both highly
virulent and classical PRRSV. However, the distance
between F2 and F1 would become more than 100 bp
because of an additional 87 bp fragment which was
deleted in nsp2 gene of the variant stains. As a result, the
amplification with the same primers could not occur when
using the classical PRRSV as the target pathogen (Figure
2c).
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Figure 3. Sensitivity of the RT-LAMP reaction incubated in Loopamp real-time turbidimeter (LA-200). The template arranging from
10° to 1 copies per reaction were used. Only the reaction using 10°, 10°, 10* and 10° copies could show the positive cure. N,

Negative control.

Table 1. Assays for detecting PRRSV clinical samples.

LAMP for classical PRRSV*

LAMP for variant PRRSV

Animal number**

2 3 1 2 3
Lymph node + + + + - -
Kidney + + + - + +
Spleen + + + - - +
Lung + + + + - +
Liver - + + - - +

*Quoting our previous published method; **every sample had been tested using both assays to detect the classical PRRSV or

the highly virulent strains.

HNB is known as a metal indicator for calcium and a
colorimetric reagent of alkaline earth metal ions. In a
LAMP reaction mixture, dNTPs could influence the colour
of HNB by the chelation of Mg2+ ions, so that the colour
gradually changes from violet to sky blue following the
decrease of dNTPs during the amplification process
(Goto et al., 2009). In this study, 150 mM HNB had been
successfully used to distinguish the positive samples
from the negative ones without impact on the efficiency of
the developed LAMP-based assay (Figure 2). As
compared to other visible endpoint detection method
such as visualization of turbidity (Nowotny et al., 1994),
addition of DNA intercalating dyes (Hill et al., 2008) and
usage of calcein (Tomita et al., 2008), HNB provides a
more simple way to achieve the judgments of the reaction
product (Goto et al., 2009; Wastling et al., 2010). They

can be added before incubation so that amplification is
completed in a closed tube system, it is very easy to
identify the colour changes without any other equipment
and they are inexpensive.

More also, in comparison with other published method
(Chen et al., 2009); the possible reason for the RT-LAMP
with a higher detection limit is the difficulty of primer-
designing specifically for the particular finite region, which
contains the mutation in the variant PRRSV viral genome.
However, the successful performance of RT-LAMP assay
in this study showed its potential capability of detection of
the highly virulent PRRSV in samples of internal tissues
and organs of pigs.

In summary, we have successfully demonstrated the
high efficiency and specificity of the RT-LAMP method
directly detecting the highly virulent PRRSV in clinical



samples. This LAMP-based assay completed under
isothermal conditions with simple heating instruments,
therefore, has the great potentiality to be used in the field
for the detection of the highly virulent PRRSV rapidly.
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