Nong Lam University, Ho Chi Minh City

Multiplex RT-PCR assay to differentiate genotypes of porcine reproductive and
respiratory syndrome virus in swine

Nam T. Nguyen', Giao N.

P. Trinh?, The N. Nguyen', & Phat X. Dinh**

!Department of Biotechnology, Nong Lam University, Ho Chi Minh City, Vietnam
2Faculty of Animal Science and Veterinary Medicine, Nong Lam University, Ho Chi Minh City, Vietnam

ARTICLE INFO
Research Paper

Received: August 19, 2019
Revised: September 19, 2019
Accepted: November 22, 2019

Keywords

Differential diagnosis

Multiplex reverse transcriptase PCR
(multiplex RT-PCR) assay

Porcine reproductive and respiratory
syndrome virus (PRRSV)

Specific primers

*Corresponding author

Dinh Xuan Phat
Email: dinhxuanphat@hcmuaf.edu.vn

ABSTRACT

Porcine reproductive and respiratory syndrome (PRRS) is one
of the most economically important diseases to swine industry
worldwide. Due to the heterogeneity of field isolates, accurate de-
tection of the PRRS virus is a diagnostic challenge. Recently, co-
infection with NA-PRRSV, EU-PRRSV and HP-PRRSV isolates
continuously increases in many countries, resulting in a significant
impact on PRRSV diagnostics and disease control on farms. To fa-
cilitate rapid diagnosis and reliable discrimination of NA-PRRSV,
EU-PRRSV and HP-PRRSV, a multiplex RT-PCR, assay was es-
tablished with three pairs of primers targeting highly conservative
regions of nsp2 gene with predicted multiplex RT-PCR products
of 364 bp, 161 bp and 259 bp, respectively. The primer pairs were
optimized to be highly specific for PRRSV genotypes and were
able to detect the target gene at the limit of 102 copies/uL for
each gene. Clinical samples were used to evaluate this multiplex
RT-PCR in parallel with a commercial realtime RT-PCR kit. Re-
sults showed over 95.2% (20/21 samples) agreement between the
mRT-PCR and the real-time RT-PCR kit. Hence, it indicated
that this multiplex RT-PCR could be useful for rapid and differ-
ential diagnosis of NA-PRRSV, EU-PRRSV and HP-PRRSV in
swine farms.

Cited as: Nguyen, N. T., Trinh, G. N. P., Nguyen, T. N., & Dinh, P. X. (2019). Multiplex RT-PCR
assay to differentiate genotypes of porcine reproductive and respiratory syndrome virus in swine.
The Journal of Agriculture and Development 18(6), 8-13.

1. Introduction

Porcine Reproductive and Respiratory Syn-
drome (PRRS) or “blue ear” disease is a highly
contagious viral disease that was first recognized
in North America in the late 1980s, followed in
Europe and Asia. The main clinical signs of this
disease are late-term reproductive failures in sows
as well as reduction in rate of growth and in-
creased mortality rate in all age groups due to
severe pneumonia (Terpstra et al., 1991; Rossow
et al., 1994). Thus, PRRS causes significantly
economic loss in most swine-producing countries
worldwide.

The etiological agent of PRRS is porcine repro-
ductive and respiratory syndrome virus (PRRSV)

which belongs to the Nidovirales order, Ar-
terivirus genus and Arteriviridae family (Ca-
vanagh, 1997). Porcine Reproductive and Res-
piratory Syndrome virus is an enveloped, single
positive-stranded RNA virus with a genome rang-
ing from 13 to 15 Kb in length, which contains
at least 10 open reading frames (ORFSs). The
ORF1la and ORF1b comprise more than 75% of
the genome and encode non-structural polypro-
teins responsible for viral replication (Kappes &
Faaberg, 2015). The ORF2, ORF3 and ORF4
encode for the minor structural surface proteins
GP2, GP3 and GP4, respectively and together
these proteins form a trimeric complex that is
heavily N-glycosylated and functions in viral en-
try (Das et al., 2010, 2011). Furthermore, ORF5,
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ORF6 and ORF7 encode for the major structural
surface proteins GP5, matrix (M) and nucleocap-
sid (N), respectively. Besides, the N-glycosylated
GP5, a unglycosylated protein is translated from
an alternative reading frame, designated ORFba
(Johnson et al., 2011; Kappes & Faaberg, 2015).

Phylogenetic analysis of this causative agent
isolates worldwide indicates clearly existence of
two major genotypes, the European genotype
(EU-PRRSV or type 1) and North American
genotype (NA-PRRSV or type 2) with Lelystad
and VR-2332 as prototypical strains, respectively
(Meng et al., 1995). Both types share an approx-
imately 60% sequence identity at the nucleotide
level (Nelsen et al., 1999). Until May 2006, a
new variant of PRRSV emerged, later defined
as a highly pathogenic form of PRRSV (HP-
PRRSV), and severely impacted the pig industry
with the death of more than two million pigs in
South China (Tian et al., 2007). At the molecular
level, common characteristics of all highly viru-
lent PRRSV isolates were usually demonstrated
by a unique discontinuous deletion of 30 amino
acids (aa) in the non-structural protein 2 (nsp2)
that has been proposed as the genetic marker of
the HP-PRRSV (Tian et al., 2007).

The diagnosis of PRRSV has been accom-
plished typically by virus isolation, immunohis-
tochemistry, serological methods, or conventional
reverse transcriptase PCR (RT-PCR) (Mengeling
et al., 2000). The drawbacks of these meth-
ods are time-consuming, labor-intensive, poten-
tial for cross-contamination and high costs. Ob-
viously, RT-PCR assay is highly specific and sen-
sitive, however it is difficult for PRRSV geno-
type or strains discrimination. Meanwhile, the
co-infection among different PRRSV genotypes
has been increasingly reported, resulting in sig-
nificant challenges on PRRSV diagnostics and
management. Therefore, a rapid and reliable
multiplex RT-PCR assay for differential diagno-
sis of NA-PRRSV, EU-PRRSV and HP-PRRSV
strains in this study is quite useful for routine
diagnosis of PRRS in swine farms.

2. Materials and Methods

2.1. Nucleic acid for reaction controls and clin-
ical samples

The RNA genome of NA-PRRSV (VR-2332,
Genbank ID U87392), EU-PRRSV (DV, simi-
lar with Lelystad strain, Genbank ID M96262)

and HP-PRRSV (JAX1, Genbank ID EF112445)
strains used in this research were extracted from
live-attenuated vaccines, includes Ingelvac PRRS
MLV vaccine (Boehringer, Germany), Porcilis
PRRS vaccine (Intervet, Netherland) and a vac-
cine product of Hoa Nong Company (China), ac-
cordingly. Viral RNA was extracted by TRIzol
Plus RNA Purification kit (Cat#12183555, In-
vitrogen, USA).

Genetic material of other viruses and bacte-
ria, including Classical swine fever virus (CSFV),
Pseudorabies virus (PRV), Haemophilus parasuis,
Mycoplasma hyopneumoniae, Streptococcus suis,
Staphylococcus aureus and DNA of pig used for
evaluation of the specificity of the mRT-PCR
were provided by the Sanphar Vietnam labora-
tory (Erber group, Austria) and IDT (United
States).

Regarding clinical samples, a total of 21 serum
(n = 10) and lung tissue samples (n = 11) were
collected from swine farms in Dong Nai and Binh
Duong provinces and were used as field sample
to evaluate the potential application of the es-
tablished mRT-PCR.

2.2. Primer design

Three pairs of primers distinguishing highly
pathogenic PRRSV (HP) versus PRRSV type 1
(EU) and PRRSV type 2 (NA) were designed in
nsp2 gene segment by MPRIMER software. The
nucleotide sequence of target gene obtained from
NCBI (Table 1), validated by NCBI BLAST,
OligoAnalyzer 1.0.2 software. The annealing tem-
perature and the size of the amplified prod-
uct were adjusted for clear segregation in elec-
trophoresis. Primers were synthesized by IDT
(Integrated DNA Technologies, USA).

2.3. RT-PCR optimization

Before setting up mRT-PCR, all primers were
evaluated for functioning in single RT-PCRs ac-
cording to the predicted annealing temperature
and regular RT-PCR protocol. The sRT-PCR
was performed in a 30 ul reaction contain-
ing 15 uL, PCRBIO 2X One Step RT-PCR kit
(Cat#PB105210, PCR Biosystems, England), 1.5
pL RTase 20X, 0.5 ptM of each primer, 2 pL of
RNA template, and nuclease-free water to ad-
just the final volume to 20 pL. Nuclease-free wa-
ter was also used as a negative control for all
PCRs. The RT-PCR was carried out under the
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Table 1. Primers used in this study

Name  Sequences (5'-3’) size(bp)
F: CCTGGGTGTGGTGTTTCT

NASGL R ATGGCGACGTGTTAGGCT 504

HP259 F: ATCATGACCAGGTGTGCTTG 959
R: TGTTCGGTTGTCTGATTCGC

EU161 F: GGTGGAATGTACTCCATCCG 161

R: CTTGGAGTTCACGAAGGTGT

following conditions: a reverse transcription step
at 45°C for 10 min, reverse transcriptase inactiva-
tion and pre-denaturation at 95°C for 2 min, fol-
lowed by 40 cycles consisting of denaturation at
95°C for 15 sec, annealing at optimal temperature
for 30 sec, and extension at 72°C for 30 sec, Ten
pL of amplified products were separated on 2%
agarose gel electrophoresis in 0.5X Tris-Borate-
EDTA (TBE) with Midori Green Advance DNA
stain (Cat#AG10, Nippon) and 1 kb Plus DNA
ladder (Cat#10787018, Invitrogen) as the molec-
ular weight markers to indicate the sizes of the
amplified products. The effects of annealing tem-
perature ranging from 52°C to 60°C were also
determined experimentally.

2.4. Optimization of multiplex RT-PCR assay

To establish a functional mRT-PCR, several
aspects need to be examined such as annealing
temperatures, primer concentration, primer ra-
tio,... After several rounds of optimization, the
final primer mix with a ratio of 0.5 pM (NA): 0.5
pM (EU): 0.5 uM (HP) was accordingly achieved.
The final multiplex RT-PCR mixtures contained
15 pL. PCRBIO 2X One Step RT-PCR kit, 1.5 uLL
Rtase 20X, 0.5 pM of each of the three primers,
2 pLL of RNA template and nuclease free water
up to 20 pM in total. Thermal cycling conditions
and gel electrophoresis were similar to the one
described above for sRT-PCR.

2.5. Specificity and detection limit

To evaluate the specificity of the mRT-PCR as-
say, DNA of different viruses and bacteria that
are commonly found in swine farms and po-
tentially contaminate during sampling process
were used as unrelated template in reactions. For
confirmation of the mRT-PCR products, DNA
bands were recovered from low melting agarose
gel (Cat#BP165-25, Thermo Fisher Scientific,
USA), using phenol-chloroform method (Green

& Sambrook, 2012), and sequenced by Nam
Khoa Biotek company. Later on, the resultant
nucleotide sequences of the mRT-PCR, products
were aligned with reference sequences in Genbank
using BLAST tool to verify the specificity of the
mRT-PCR.

Concerning the detection limit, the purified
RNA templates were first quantified by Realtime
PCR (PowerCheckTM PRRSV Realtime PCR,
Kogenebiotech, Korea) then were diluted 10-fold
serially in nuclease-free water. The diluted tem-
plate were further used to determine the detec-
tion limit of the established mRT-PCR.

2.6. Application in diagnosis of clinical sam-
ples

The potential application of the established
mRT-PCR assay in routine diagnosis of PRRSV
for field samples was determined by head to head
comparison with the results produced by com-
mercial Realtime PCR assay. A total of 21 clinical
samples were analyzed in this study.

3. Results and Discussion

3.1. mRT-PCR establishment

In sRT-PCR reactions to examine the general
conditions for the assay, gel electrophoresis analy-
sis showed the correct product sizes as predicted,
including 364 bp for NA PRRSV, 259 bp for HP
PRRSV, and 161 bp for EU PRRSV. The re-
sults also indicated that 3 pairs of primers worked
properly in the annealing temperature range of
52°C - 60°C (data not shown), and the 54°C was
chosen for mRT-PCR in this study. The primer
concentration and ratio were 1 NA : 1 HP : 1 EU
at 0.5 pM per reaction. Additionally, the three
products were clearly visible and distinguishable
from each other, no visible band was found in the
lane of negative control (Figure 1).
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500 bp -
400 b - o= 1A (364 bp)
300 b - #= HP (259 bp)
200 b - #= EU (161 bp)
100 b -

Figure 1. Products of sPCRs and mPCR. (1): DNA
ladder 1 Kb plus, (2): mRT-PCR of all three tar-
gets, (3): NA-PRRSV 364 bp, (4): HP-PRRSV 259
bp, (5): EU-PRRSV 161 bp, (6): negative control
with pure water. The thermal cycling conditions were
94°C/5 min; 35 cycles of 94°C/30 sec, 54°C/30 sec
and 72°C/40 sec, a final extension at 72°C/5 min;
Gel electrophoresis was 2% agarose and performed at
90 vol/25 min.

3.2. Specificity and detection limit of the
mRT-PCR

After the primer ratio and the thermal cycling
conditions have been established. The specificity
and the detection limit of the mRT-PCR were
determined. Based on the routine usage of blood
or serum in practical disease monitoring which
can also contain different microbes due to sep-
ticemia or contamination, unrelated nucleic acid
templates isolated from bacteria and/or viruses
commonly found in pig farms were used in this ex-
periment, including Staphylococcus aureus, Strep-
tococcus suis, Mycoplasma hyopneumoniae, Pseu-
dorabies virus, Classical swine fever virus and ge-
nomic DNA from pigs. Results showed that the
three primer pairs did not cross-react with any
of these templates (Figure 2), indicating the es-
tablished mRT-PCR has expected specificity. We

then evaluated the limit of detection of the mRT-
PCR by performing the assay with a set of se-

Figure 2. Specificity of mRT-PCR. A. (1): ladder
1 Kb plus, (2): positive control, (3): negative control
with pure water, (4): Streptococcus suis, (5): Staphylo-
coccus aureus, (6): Mycoplasma hyopneumoniae, (7):
Pseudorabies virus, (8): Classical swine fever virus. B.
(1): ladder 1 Kb plus, (2): positive control, (3): pig
DNA, (4): Haemophilus parasuis, (5): negative con-
trol with pure water. The thermal cycling conditions
were: 94°C/5 min; 35 cycles of 94°C/30 s, 54°C/30 s
and 72°C/40 s, a final extension at 72°C/5 min; Gel
electrophoresis was at 90 vol/25 min.

rially 10-fold diluted positive control templates
with the copy numbers ranging from 2 x 10% to 2
x 10° copies per reaction. As shown in Figure 3,
three distinct DNA bands at expected size were
observed at the concentration of 2 x 102 copies
per reaction. It demonstrated that this mRT-
PCR could detect the viral genes at the limit of
200 copies/gene/reaction.

1 2 3 4 -1 [

Figure 3. Detection limit of mRT-PCR. (1): lad-
der 1 Kb plus, (2-5): RNA template of NA PRRSV,
HP PRRSV and EU PRRSV at 2 x 10° - 2 x 10°
copies/reaction, (6): negative control with pure wa-
ter. The thermal cycling conditions were: 94°C/5
min; 35 cycles of 94°C/30 sec, 54°C/30 sec and
72°C/40 sec, a final extension at 72°C/5 min; Gel
electrophoresis was at 90 vol/25 min.
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Table 2. Detection of clinical specimens by multiplex RT-PCR and Realtime RT-PCR

Pig farm  No. of specimens mRT-PCR Realtime RT-PCR
NA HP EU NA HP EU
1.1 + + - + + -
1 1.2 - + - - + -
1.3 - + + - + +
2.1 + + - + + -
2 2.2 + - - + - -
2.3 + - - + - -
3.1 - + - - + -
3 3.2 + + - + + -
3.3 - - - -
4.1 + + - + + -
4 4.2 - + - - + -
4.3 - - + - - +
5.1 + - - + - -
5 5.2 - + + - + +
5.3 + - - + - -
6.1 - + - + + -
6 6.2 + + - + + -
6.3 + - - + - -
7.1 - + + - + +
7 7.2 - - + - - +
7.3 - + - - + -
Total of positive samples 10 13 6 11 13 6
90.9 100 100

Concordance rate %

(10/11) (13/13)

(6/6)

This detection limit is comparable to the result
reported by Xiao et al. (2014). In that study, the
author used RT-PCR developed based on SYBR
Green and TagMan probe to discriminate highly
pathogenic PRRSV against NA PRRSV, result
of detection limit was 5 x 102 copies/ reaction.
In addition, Balka et al. (2009) reported the de-
tection limit in their Realtime RT-PCR assay
to be approximately 10 copies/reaction. Other
research provided that mRT-PCR for detec-
tion EU PRRSV, HP-PRRSV and NA PRRSV
has an analytical sensitivity of less than 200
copies/reaction (Wernike et al., 2012). There-
fore, detection limit of mRT-PCR achieved in this
study was quite suitable for routine diagnosis.

3.3. Detecting the presence of PRRS virus
from clinical samples

To examine the utility of the mRT-PCR for
routine diagnosis of PRRSV genotypes circulat-
ing in swine farms which can help to guide the
farm in choosing appropriate vaccines. A total of
21 samples including serum and tissues were used

in parallel testing between the mRT-PCR and a
commercial Realtime RT-PCR kit. Result sum-
marized in Table 2 showed that the agreement
between the mRT-PCR and realtime RT-PCR
assays was 90.9% (10/11 samples), 100% (13/13
samples) and 100% (6/6 samples), respectively
for NA-PRRSV, EU-PRRSV and HP-PRRSV.
Interestingly, co-infection among PRRSV strains
were observed in these field samples. In de-
tails, there were 3 samples positive for both
HP-PRRSV and EU-PRRSV, 6 samples positive
for both HP-PRRSV and NA-PRRSV. It indi-
cated that the mRT-PCR would be useful for
differential diagnosis and/or determination of co-
infection of various genotypes in a swine herd.

4. Conclusions

In summary, the established mRT-PCR was a
convenient, rapid, sensitive and specific assay for
the identification of different PRRSV genotypes.
The size of amplified products is distinguish-
able. The method showed a feasible application
in regular laboratory testing for viral surveillance
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and for effective control of the NA-PPRSV, EU-
PRRSV and HP-PRRSYV strains in swine farms.
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