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ABSTRACT

Multiple infections by pathogens are cur-
rently the most serious problems in pig
herds. Clinically, accurate diagnosis is dif-
ficult due to similarity of the symptoms of
porcine pseudorabies virus (PRV), porcine
parvovirus (PPV), and porcine circovirus
type 2 (PCV2). A multiplex polymerase
chain reaction (multiplex-PCR) was devel-
oped and optimized for the simultaneous
detection of the three DNA viral infections
in pigs. Four pairs of specific primers were
designed for each of the three viruses. Each
of the four target fragments produced a spe-
cific amplicon 657 bp (PPV, NS1), 490 bp
(PCV2, ORF2), 372 bp (PRYV, gB), and 298
bp (PRYV, gE) in a single PCR. The optimal
parameters, individual reaction component
concentrations (the concentrations of prim-
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ers, MgCI2, dNTP, and Taq DNA poly-
merase), and annealing temperature, of the
multiplex PCR were defined based on single
PCR conditions. The sensitivity of the mul-
tiplex PCR for NS1, ORF2, gB, and gE in

a 20 pl mixture using purified recombinant
plasmids containing the viral target genes
was 10-5 (1.375 x 10-4 ng). The specificity
of primer pairs for the classical swine fever
virus, as well as porcine reproductive and
respiratory syndrome virus was analyzed by
multiplex PCR. The PCR products tested
negative. The multiplex-PCR method is a
convenient diagnostic tool for the routine
surveillance of viral co-infections for the
simultaneous detection of PCV2, PRV, and
PPV.

INTRODUCTION

Multiple infections with pathogens are cur-
rently the most serious problems in the hog
industry worldwide!, especially in intensive
swine production. Swine simultaneously
infected with two or more viral pathogens
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is becoming prevalent. Clinically, this often
leads to difficulty in definitively diagnosing
pig viral infections because of the similar-
ity in the presentation of clinical symptoms,
such as reproductive failure, diarrhea, fever,
abortion, and/or stillbirth. Determining
whether the causative agent is porcine pseu-
dorabies virus (PRV), porcine parvovirus
(PPV), porcine circovirus type 2 (PCV2),
or others is often difficult if based only on
clinical signs. However, the diagnostic stan-
dard for identifying viral infections based
on pathogen isolation from cell cultures of
suspected samples is time consuming, costly
for individuals, and is not favorable for
controlling the diseases.

Multiplex-PCR and multiplex RT-PCR
for multiple viral infectious have been re-
ported. However, these methods are specific
for simultaneous differential diagnostic tests
related to particular symptoms based on
amplicon size in a single sample?*. In the
present report, we describe the development
of multiplex PCR methods for the simulta-
neous detection of three swine DNA viruses,
namely, PCV2, PRV, and PPV.

MATERIAL AND METHODS
Viruses and clinical samples

The PPV NADL-2 and PRV Bathar strains
were from the China Institute of Veterinary
Drug Control. The PCV2 strain was stored
in the laboratory. All of the viruses were
propagated in PCV1-free PK-15 cells. Up
to 30 samples from suspected clinical cases,
including lymph nodes, tonsils, lungs and

spleens, were collected from piglets and
weaned piglet with respiratory and/or repro-
ductive problems accompanied by progres-
sive weight loss, as well as from aborted pig
fetuses.

Primer design

Four pairs of primers for simultaneous am-
plification for the three target viruses, PCV2
(ORF2), PPV (NS1), and PRV (gB and gE),
were designed by Sangon Biotech (Shang-
hai) Co., Ltd. (Table 1).

Viral genomic DNA extraction

Viral genomic DNA was extracted from

cell cultures infected with each virus or
frozen clinical samples using the Universal
Genomic DNA Mini Isolation Kit (Sangon)
following the manufacturer’s protocol.

The optimum concentration of primers in
a single PCR

The concentration of primers for the ampli-
fication of NS1, ORF2, gB, and gE was op-
timized for single PCRs under standard PCR
conditions. The basic concentration of the
primers ranged from 0.1 uM to 0.5 uM in

a 20 pl mixture. The annealing temperature
gradient was at 58 °C with 18 cycles and

at 57 °C with 15 cycles. Amplicons were
observed by electrophoresis of 8 pl aliquots
through 2.5% agarose gel in 1x TAE buffer
(40 mM Tris—acetate, pH 8.0, 1 mM EDTA).
Four target fragments from the cell viruses
were cloned into the plasmid pMD18-T
(TaKaRa), and all the DNA fragments were
further sequenced and analyzed by Sangon
to determine their specificity.

Table 1. Primers used for multiplex PCR and the length of the corresponding target genes

Primer Sequence Length of target gene
PPC675f 57?-catgggccagcatctacagg-3? 657 bp
PPV657r 5?-tgttggctecgetccacgget
PCV490f 5?7-gagaagggctgggttatggtatgg-3? 490bp
PCV490r 5?-acagcgcacttctttegttttcag-3?

PrvgB372f 5?-agtactcgcaggggcegcaact-3? 372bp
PrVgB372r 57?-cgccgatcttggtotaggtat-3?

PrVgE298f 5?-gcccacgcacgaggactactacga-3? 298bp
PrVgE298r 5?-ttaagcggggcgggacatcaacag-3?
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Table 2. Detection of PRV, PPV and PCV2 viruses in clinical samples by multiplex-PCR and

single
Single PCR Multiplex-PCR Single PCR Positives (%)
PRV 4 4 13.33
PPV 7 7 23.33
PCV2 18 18 60
Co-infection
PRV+PCV2 2 2 6.67
PPV+PCV2 1 1 3.33
PPV+PCV2 3 3 10
PPV+PRV+PCV2 1 1 3.33

Optimization the multiplex-PCR

Further research was performed to obtain

the concentration of each component, such
as MgCl2, dNTP, and Taq DNA polymerase,
under standard single PCR or multiplex PCR
to ensure outcomes are appropriate. Differ-
ent MgCl2 concentrations ranging from 1.3
to 1.7 mM in a 20 pl mixture were tested,
and the optimal concentration selected in the
single PCR. The concentrations of the AINTP
and Taq DNA polymerase, also determined
experimentally, ranged from 0.07 to 0.42
mM and 0.025 to 0.225 U in a 20 pl mix-
ture, respectively, under the multiplex-PCR
reaction.

Sensitivity and specificity of single and
multiplex-PCR assays
The sensitivity of the
multiplex-PCR was
determined using the
plasmid containing NS1,
ORF2, ¢gB, and gE as
template after a 10-fold
serial dilution, from s
137.5 to 1.375 pg plas- e
mid per reaction in the !
20 pl reaction system.
The specificity of the
multiplex PCR was fur-
ther evaluated depending
on the virus-infected cell
culture and the suspected
clinical samples, and the
amplified fragments were
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identified by DNA sequencing and analysis.
Two common RNA viruses in pigs and no
template-reaction system, including classical
swine fever virus (CSFV) and reproductive
and respiratory syndrome virus (PRRSV),
were the negative controls.

RESULTS

Optimization and standardization of the
multiplex-PCR

Four primer sets, corresponding to each
virus, were designed to optimize amplifica-
tion, especially annealing temperature, and
to amplify the length gradient of the target
fragments to distinguish them on electro-
phoresis gel. The nonspecific products were
minimized whenever possible and the speci-
ficity of the primers was also evaluated in

Figure 1: Optimum concentration of primers of a single PCR for
PPV-NSI (4), PCV2-ORF2 (B), PRV-gB (C), and PRV-gE (D)
Lanes 1-5: Concentrations of primers form 0.1 uM to 0.5 uM in a
20 ul mixture, respectively, lane M: DL2000 marker
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Figure 2: Results of simultaneous detection
of PRV, PPV, and PCV?2 by multiplex-PCR.
PPV+PCV2+PRV mixture M. DL2000
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Figure 2

the single PCR of ORF2, NS1, gB, and gE
(Fig. 1).

The multiplex PCR simultaneously
amplified all four target genes by test-
ing combinations of the four viral strains
prepared from the infected cell culture. Four
distinct bands of the expected sizes, 657 bp
(PPV, NS1), 490 bp (PCV2, ORF2), 372
bp (PRV, gB), and 298 bp (PRV, gE), were
observed clearly under the same gradient an-
nealing temperature (58 °C and 57 °C) in the
sample multiplex PCR (Fig. 2). The optimal
concentrations of MgClI2 were assessed in
the single PCR. The best working concen-
tration is 1.54 mM in a 20 pl mixture. The
appropriate concentrations of dNTP and Taq
polymerase were also obtained at 0.35 mM
and 0.2 U in the 20 pl mixture, respectively
(Figs. 4 and 5).
Sensitivity and specificity of the
multiplex-PCR assay
The specificity of the primers for each virus
was analyzed via single PCR (Fig. 3). The
minimum concentration of the target genes
was 1.375 x 10-2 ng in the 20 pl mixture.
The multiplex PCR was specific for the four
DNA viruses because the nonspecific bands
were amplified with CSFV, PRRSV, and
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dH20 in lanes 8-10 (Fig. 6).

Evaluation of the multiplex-PCR using
clinical samples

The multiplex and single PCR were assessed
using 30 suspected clinical samples collect-
ed from different places between 2006 and
2010 within China. The results matched both
PCR methods well (Table 2) and they were
further confirmed by two positive sequenc-
ing results for each virus.

DISCUSSION

Diseases that cause reproductive failure
seriously affect the efficiency and cost of
swine production. The etiology of repro-
ductive diseases is complex. PRV, PPV,
PCV2, CSFV, and PRRSV are the common
viral agents implicated in these diseases

in pigs. Under typical conditions of inten-
sive swine production, pigs are commonly
infected simultaneously by two or more viral
pathogens, which can induce similar clinical
syndromes and lesions [5]. Furthermore, an
accurate diagnosis of mixed infections often
requires more effort, especially for some
clinical signs in swine.

PRV, an alpha herpes virus, is the etio-
logic agent of Aujeszky’s disease in swine
[6]. This disease is responsible for causing
severe economic losses in infected herds
and is often fatal due to the central nervous
system disorders in young piglets. Addition-
ally, older pigs generally develop respiratory
disease, including encephalitis and pneu-
monia, whereas those who survive the acute
infection carry the virus form and exhibits
persistent viral infection for their entire life’.
In pregnant sows, PRV infection normally
causes reproductive failure®. The gE-deleted
marker vaccine is used for eradication of
PRV worldwide. Therefore, most eradication
or control programs are performed using the
marker vaccines, an accompanying differ-
entiating infected from vaccinated animal
serologic tests that detect serum antibodies
against the gE protein, and etiological detec-
tion that detects the gE gene® !°. Compared
with other methods, such as virus isolation,
fluorescent antibody tissue section test, se-
rum virus neutralization, latex agglutination
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Figure 3: Optimal MgCI2 concentration of single PCR for
PPV-NSI (4), PCV2-ORF2 (B), PRV-gB (C), and PRV-gE
(D). Lanes 1-5: Varying MgCI2 concentrations from 1.3 mM
to 1.7 mM in a 20 ul mixture, respectively; lane M: DL2000
marker
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Figure 4: Optimum concentration (uM) of Figure 5: Optimum concentration (U) of
dNTP of mPCR for PPV-NSI1, PCV2-ORF?2, mPCR of Taq polymerase Lanes 1-9: Con-
PRV-gB, and PRV-gE. Lanes 1-5: Concen- centrations of Taq polymerase: 0.025, 0.05,
trations of ANTP: 0.07, 0.14, 0.21, 0.28, 0.075, 0.1, 0.125, 0.15, 0.175, 0.2, and 0.225
0.35, and 0.42 in a 20ul mixture respective- in a 20 ul mixture, respectively, lane M:
ly; Lane M: DL2000 marker. DL2000 marker.

Figure 4

Flaure §
Figure 6: Sensitivity of mPCR for PPV-NSI, PCV2-
ORF?2, PRV-gB, and PRV-gE. Lanes 1-10: Reactions
performed in 10-fold serial dilution from 10-1-10-10
(from 137.5 ng to 1.375 pg)

Figure 6
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test, and ELISA !, PCR is a time-saving,
sensitive, and accurate assay in which the
results may also support the utility and value
of molecular assays for diagnostic investiga-
tion and surveillance because it can detect
both infectious and noninfectious viral
materials by investigating the gB-positive/
gE-negative cases!’.

PPV is an extremely durable and highly
infectious virus and causes severe reproduc-
tive failure in pregnant sows. The disease
caused by this pathogen is characterized by
embryonic and fetal death, mummification,
stillbirths, and delayed return to estrus'2.
PPV is widespread among swine throughout
the world, and is even endemic in most herd
infections. Hence, the economic effects in
a susceptible herd can be serious'? 3. Thus,
continuous vaccination is the most effective
method for avoiding large-scale economic
losses. Recently, PPV has gained importance
as a syndicated agent to enhance the effects
of PCV2 infection in the clinical course of
postweaning multisystemic wasting syn-
drome * 1>, PCV2-associated reproductive
failure can be reproduced experimentally
showing that porcine embryos and fetuses
are susceptible to PCV?2 infection '*!7 and
that intrauterine spread'® and vertical trans-
mission can occur’. Moreover, naturally
occurring PCV2-associated reproductive
failure cases have been reported®. Rapid and
reliable detection of the three DNA viruses
is essential for epidemiological surveillance
and disease prevention.

Conventional usage of single PCR to
detect several viruses individually is labor
intensive and expensive. These limitations
can be overcome by establishing a multi-
plex-PCR assay that incorporates multiple
specific primers that amplify several RNA or
DNA viruses simultaneously in a single PCR
[21]. A recent study reported the develop-
ment of multiplex RT-PCR to detect major
viruses in pigs with multiple infections [22].
The multiplex-PCR method was developed
in the present study to specifically detect and
differentiate the three DNA viruses in swine.

The development of the multiplex-PCR
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method is usually confronted with the afore-
mentioned problems. Under optimization

of the single PCR reaction condition, the
multiple primers require concordant anneal-
ing temperatures and reduction of any pos-
sible formation of primer dimers. Therefore,
correctly designed primers should conform
to the above principles. Experimentation
was performed repeatedly in a single PCR
for individual viral target gene (Fig. 3). The
multiplex-PCR reaction system was care-
fully optimized to obtain maximal sensitiv-
ity and specificity, including the concentra-
tions of ANTP and Taq polymerase (Figs.

4 and 5). The sensitivity of the developed
multiplex-PCR was evaluated comparatively
using serial ten-fold dilutions of each virus.
The lowest detection limit for the target
genes was 13.75 pg (Fig. 6). Pathogen detec-
tion results show that PPV, gB, and gE were
detected only once, whereas PCV2 was the
most frequently detected agent among the
clinical samples (Table 2).

CONCLUSIONS

In the present work, the multiplex-PCR
method has been developed for simultaneous
detection of PRV, PPV, and PCV2, providing
for a more convenient and reliable method
for the rapid diagnosis of major pathogenic
viruses in swine.
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