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ABSTRACT

Given the economic consequences of infection with porcine reproductive and respiratory syndrome
virus (PRRSV) for the global swine industry a rapid and practical early detection assay is required. This
study established a reverse transcription-loop-mediated isothermal amplification (RT-LAMP) assay to
detect PRRSV. Four primers were designed targeting the ORFS5 gene of PRRSV were designed. Reverse
transcription and amplification of the viral RNA using AMV reverse transcriptase was optimal at a
constant temperature of 65 °C. The output of the RT-LAMP assay was visualized using 1% agarose gel
electrophoresis or color change after the addition of the SYBR Green I dye. The RT-LAMP method was
approximately 100-fold more sensitive than RT-PCR for PRRSV detection. The assay was also specific
for PRRSV and did not cross react with CSFV, PCV-2, PPV or PRV. In clinical samples (n=5) RT-PCR
and RT-LAMP both identified the same 2 PRRSV infected samples. Thus, the novel RT-LAMP assay
described here is a rapid, simple, sensitive, specific test for PRRSV that can potentially be applied in
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clinical settings.

INTRODUCTION

orcine reproductive and respiratory syndrome virus

(PRRSV) is a member of the genus Arterivirus within
the family Arteriviridae, which also includes equine
arteritis virus (EAV), murine lactate dehydrogenase-
elevating virus (LDV), and simian hemorrhagic fever virus
(SHFV) (Cavanagh, 1997; Snijder and Meulenberg, 1998).
PRRSV is a positive-sense, single-stranded RNA virus that
contains an approximately 15Kb genome with nine open
reading frames (ORFs) termed ORFla, ORF1b, ORF2a,
ORF2b, ORF3, ORF4, ORF5, ORF6, and ORF7. PRRSV
infection was first documented in the United States in
acute virus infection in 1987 (Bilodeau et al., 1991). Since
that time PRRSV has been reported in other countries and
has caused substantial economic losses in the global swine
industry. In the United States alone the costs of PRRSV
are estimated to reach $ 560 million (Cho and Dee, 2006;
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Beura et al., 2011). In China, highly pathogenic strains
of PRRSV began to emerge in the spring of 2006 that
have been costly to the Chinese swine industry (Fang et
al., 2007; Li et al., 2007; Tian et al., 2007). There are no
effective treatments for PRRSV and control measures
often fail. Therefore, early detection and identification of
PRRSYV plays an important role in controlling the spread
of the disease.

Currently, some laboratory techniques such as
serological, molecular biology and immunology are
utilized to confirm or eliminate PRRSV infection. Because
of the high specificity and sensitivity, reverse transcriptase
polymerase chain reaction (RT-PCR) was widely utilized
in laboratories. However, these methods require certain
equipment, expensive reagents and highly trained operators
(Maruyama et al., 2003). It is less economical and practical
at the grassroots level. It is necessary to develop a rapid,
sensitive, specific and simple detection method.

Loop-mediated isothermal amplification method
(LAMP) is a rapid, highly sensitive, specific, simple, low
cost assay that might be an alternative to traditional PRRSV
detection assays (Notomi et al., 2000). This method has
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already been widely used to detect numerous viruses,
bacteria, parasites, and fungi (Zhao et al., 2010; Malele
et al., 2013; Song et al., 2014). Specificity is ensured by
four primers that recognize six specific regions of the target
genes. The visual read out is apparent to the naked eye and
is based on the SYBR Green I or visualized by agarose
gel electrophoresis (Njiru, 2012). The purpose of this study
was to develop an RT-LAMP assay for rapid detection of
PRRSYV infection.

MATERIALS AND METHODS

DNA and RNA extraction

Total DNA and RNA were extracted from the feces
and, internal organs of PRRSV infected and uninfected
pigs using the MiniBEST Viral RNA/DNA Extraction
Kit Ver. 5.0 (TaKaRa, Dalian, China) according to the
manufacturer’s specification. DNA and RNA were stored
at -20 °C until it was used for experiments.

RT-LAMP primer design

In order to ensure the specificity of the test, two set
of primers were designed targeting the ORFS5 gene. The
sets forward and backward outer primers (F3 and B3) and
forward and backward inner primers (FIP and BIP) were
designed based on the sequences published in GenBank
using the online program Primer Explorer version 4.0
software (http://primerexplorer.jp/e/index.html). The RT-
LAMP primer sequences are shown in Table I. Primers
were synthesized by Beijing Genomics Institute.

Empirical optimization of the RT-LAMP reaction

To ensure the most accurate assay, the time and
temperature of the RT-LAMP reactions were empirically
optimized. The RT-LAMP reactions were carried out on
ice in sterile tubes. The 25uL reaction mixture contained 1
x ThermoPol buffer (New England Bio-labs, USA), 6mM
MgSO, (New England Bio-labs, USA), 1.4mM dNTPs
(TaKaRa, Dalian, China), 0.2uM each outer primer (F3
and B3), 1.6uM each inner primer (FIP and BIP), 2.5U
of AMV reverse transcriptase (TaKaRa, Dalian, China),
ddH, 0, and 500ng of RNA template. The reaction mixture
was incubated in a 95°C water bath 5 min and then quickly

Table I.- Primer sequences used for the RT-LAMP assay.

cooled on ice before the enzyme mix was added. After
adding the enzymes, the reactions were incubated in a
water bath kept at 59, 61, 63, 65, or 67 °C for 10 min to
determine the optimal reaction temperature. The reaction
was then terminated by incubating at 80 °C for 2 min. To
determine the optimal time, the reactions were allowed to
proceed for 45, 50, 55, 60, or 65 min.

Specificity of LAMP detection

The specificity of the new assay was determined
using RNA extracted from PRRSV and CSFV infected
pigs and DNA extracted from PCV-2, PPV, and PRV
infected pigs. The assay products were analyzed by 1%
agarose gel electrophoresis and monitored by color change
in the reaction tube when SYBR Green I dye was added to
the reaction.

Sensitivity of LAMP detection

Total RNA was extracted from the feces and internal
organs of PRRSV infected pigs. The RNA was prepared as
described in section 2.1 and brought to a final concentration
of 10 ng/uL. A 10-fold serial dilution series was mades
frome the sample (final concentration range: 10-10-° ng/
pL) and used as the templates for the RT-LAMP assay. The
sensitivity of the RT-LAMP assay was compared to RT-
PCR.

RESULTS

The RT-LAMP method successfully detected PRRSV

To determie whether the RT-LAMP reaction was
detecting PRRSV, a positive control template was
amplified using RT-LAMP and RT-PCR. The output
of the RT-LAMP assay was visualized by both 1% gel
electrophoresis under ultraviolet light and visual color
change. By gel electrophoresis, RT-LAMP amplification
of the positive control template produced a ladder of
multiple hands, and there were no bands in the negative
control (Fig. 1A). Similarly, only the positive control
templated changed color from orange to green when the
SYBR Green I dye was added (Fig. 1B). The presence
of PRRSV in the positive control, and its absence in the
negative control, was confirmed by RT-PCR (Fig. 1C).

Primer name Sequences (5°-3")

Nucleotide position*

F3 CCCGTGTTGACTCACATTGT 217-236
B3 AGAGTAGCGCCAGGACAT 400-417
FIP (F1c+F2) CCGTGATAATATCCGGCGGTGG-CTCACCACCAGCCATTTCC F1c:296-317 F2:250-268

BIP (Blc+B2)

TTACGCAGTCTGTGCTCTGGC-GCAGTTCTTCGCAAGCCTAA

B1c:339-359 B2:380-399

2Sequence positions are for the TJIM strain of PRRSV in the ORFS5 gene (GenBank accession No. HQ679913).
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Fig. 1. Verification of the PRRSV RT-LAMP assay. RT-LAMP was used to amplify a positive control template and compared to a
negative control. The output of the RT-LAMP assay was monitored by gel electrophoresis and color change. (A) 1% agarose gel
electrophoresis of the RT-LAMP products. Lanes: M; DL2000 Marker, 1; negative control, 2; positive control. (B) Color change in
the RT-LAMP reaction was monitored followig addition of SYBR Green I dye. Tube 1: negative control, Tube 2: positive control.
(C) The positive and negative controls were verified by RT-PCR 1% agarose gel electrophoresis of the RT-PCR products. Lanes:
M; DL2000 Marker, 1; negative control, 2; positive control.

Fig. 2. Optimizing the duration of the RT-LAMP reaction. RT-LAMP was used to amplify PRRSV containing samples. The
products of the RT-LAMP reactions were visualized by (A) 1% agarose gel electrophoresis, (B) UV transillumination, and (C)
color change using SYBR Green I dye. Lanes M; DL2000 Marker (A only), 1-5; 45, 50. 55, 60, and 65 min, respectively.

Fig. 3. Optimizing the temperature of the RT-LAMP reaction. RT-LAMP was used to amplify PRRSV containing samples. The
products of the RT-LAMP reactions were visualized by (A) 1% agarose gel electrophoresis. (B) UV transillumination, and (C)
color change using SYBR Green I dye. Lanes: M; DL2000 Marker (A only), 1-5; 59, 61, 63, 65, and 67 C, respectively.

Optimization of PRRSV RT-LAMP reaction conditions repeat structures, while an RT-LAMP reaction lacking
A successful RT-LAMP reaction should produce a template should have no bands. To optimize the time of
ladder of multiple bands which consist of several inverted the reaction, RT-LAMP reactions were at 65 °C for 45, 50,
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55, 60, or 65min, respectively. No product amplification
occurred with a 45 min reaction time. While product
amplification was detected 50-65min, the peak occurred
at 60 min (Fig. 2). To optimize the RT-LAMP reaction
temperature, reactions were carried out at 59, 61, 63, 65,
or 67°C for 60 min. No products were amplified at 59 or
61°C. The peak product amplification was observed at
65°C (Fig. 3). Therefore, the final reaction conditions were
a 60 min incubation period at 65 °C.

Assessing the specificity of the RT-LAMP assay

Having optimized the reaction conditions, the
specificity of the RT-LAMP reaction was tested using
primary samples containing PRRSV, CSFV, PCV-2, PPV,
or PRV. PRRSV containing samples were the only positive
samples (Fig. 4). Indicating that the RT-LAMP assay was
specific for PRRSV.

Assessing the sensitivity of the RT-LAMP assay

To determine the sensitivity of PRRSV RT-LAMP,
serial 10-fold dilutions of PRRSV RNA were assayed.
PRRSV could be clearly detected by RT-LAMP at the 103
dilution of the stock template (10 ng/uL), but was only
just above the limit of detection in the 10° dilution of the
stock template (Fig. 5A, C). Detection with RT-LAMP was
compared to detection by RT-PCR (Fig. 5B). RT-LAMP
was approximately 100-fold more sensitive than RT-PCR.

Application of the RT-LAMP method for diagnosis of
PRRSV in serum samples

The optimized RT-LAMP assay was then used to
detect PRRSV infection in 5 unknown serum samples.
PRRSYV infection was confirmed using RT-PCR. Of these
samples, 2 were found to contain PRRSV by both RT-PCR
and RT-LAMP (Fig. 6), indicating that RT-LAMP is likely
suitable for clinical use.

Fig. 4. Assessing the specificity of RT-LAMP for PRRSV. Samples were isolated from pigs infected with PRRSV, CSFV, PCV-2,
PPV, and PRV and tested usig the RT-LAMP assay. The output of the assay was visualized using (A) agarose gel electrophoresis
and (C) color change with SYBR Green I dye. (B) The presence of PRRSV in the samples was confirmed by RT-PCR and
visualized using agarose gel electrophoresis. Lanes: M; DL2000 Marker (A and B only). 1; CSFYV, 2; PCV-2, 3; PPV, 4; PRRSYV,

5; PRV.

Fig. 5. Assessing the sensitivity of the PRRSV RT-LAMP assay. 10-fold serial dilutions of a stock PRRSV RNA template (10ng/
uL) were used to assess the sensitivity of the RT-LAMP assay compared to RT-PCR. Output from the RT-LAMP assay was
visualized by (A) agarose gel electrophoresis and (C) color change with SYBR Green I dye. (B) RT-PCR amplification of PRRSV
RNA was visualized by agarose gel electrophoresis. Lanes: M; DL2000 Marker (A and B only); 1-5: 10, 102, 103, 10*, and 10

dilutions of the stocktemplate.
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Fig. 6. Detection of PRRSV infection in serum samples. Five (5) serum samples were tested for PRRSV infection using RT-LAMP
and RT-PCR. The output of the RT-LAMP assay was visualized using (A) agarose gel electrophoresis, (C) UV transillumination,
and (D) color change with SYBR Green I dye. (B) RT-PCR products were visualized using agarose gel electrophoresis of RT-PCR
products. Lanes M; DL2000 Marker (A and B only); 1-5; serum samples.

DISCUSSION

Pork is historically one of the most economically
important meat products in China, and infection with
PRRSV has become a major concern due to its high
infectivity and mortality is sows. However, at present,
PRRSYV infection is confirmed using techniques such as
serology (antibody testing), molecular biology (PCR,
in situ hybridization, efc.), and immunodetection assays
(immunohistochemistry,  immunofluorescence, efc.).
These methods are dependent on levels of specific
antibody, viral nucleic acids, or viral antigens being
above background. For example, the immune peroxidase
single-shell test (IPMA) is available to detect PRRSV
specific serum antibodies using a virus neutralization test
(Fernandez ef al., 1991). However, the IPMA test is not
sensitive enough to detect acute infection, and therefore
unsuitable for early diagnosis. With the advent of PCR,
it was feasible to use in situ hybridization to diagnosis
PRRSV by detecting expression using probes for ORF1b,
ORF6, and ORF7 (Pirzadeh and Dea, 1998; Kwang ef al.,
1999). However, this method requires skilled, professional
operators and expensive equipment. Finally, indirect
immunofluorescence assays (IFA) were the first assays
to detect PRRSV in pigs in China (Van Nieuwstadt et
al., 1996). Immunohistochemical techniques have also
been established to detect PRRSV infection in laboratory

infected piglets (Meulenberg et al., 1997), but like in situ
hybridization these assays are complex and require skilled
staff. Thus, neither molecular nor immunodetection assays
are suitable for rapid use on farms (Liu ef al., 2001; Zhang
et al., 2007, 2010; Akhter et al.,2017). Given the limits
of current diagnostic assays, it is necessary to develop a
rapid, sensitive, specific, and simple method of detecting
PRRSV.

The RT-LAMP method has been successfully used to
test for numerous pathogens in humans, livestock, poultry
and aquatic animals. However, in clinical detection of
swine, did not see the related application of LAMP method
for detecting PRRSV. In this study, the primers for the RT-
LAMP assay was designed to target the ORFS5 gene (TJM
strain) that codes for the envelope glycoprotein E, which
can induce cell apoptosis and is a target for neutralizing
antibody in infected swine (Sur et al., 1998). As this assay
requires all four primers to bind to the target DNA, the risk
of non-specific amplification is very low. The RT-LAMP
output could be visualized three ways; by agarose gel
electrophoresis (laddered products), UV transillumination,
or color change with the SYBR Green I dye (positive
samples turned yellow-green). The multiple easy to read
outputs products make RT-LAMP more convenient than
RT-PCR. In this study, RT-LAMP was also approximately
100-fold more sensitive than RT-PCR and did not cross
react with the other tested viruses. In addition, all five of
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the clinical samples tested yielded the same PRRSV results
(+or -) by RT-LAMP and RT-PCR. Given the sensitivity of
the RT-LAMP assay, it is important to minimize potential
contamination by separating the reaction and sample
preparation areas.

CONCLUSION

In conclusion, the PRRSV RT-LAMP assay was
rapid (60 min) and required minimal equipment (heating
source). The assay was both faster and more sensitive than
RT-PCR. Therefore, the RT-LAMP is a viable candidate
for developing a rapid PRRSV detection kit for use in a
clinical setting.
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