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INTRODUCTION

Pseudorabies (PR), also known as 
Aujeszky’s disease, is a highly contagious viral disease 
of great sanitary and economic importance in pigs 
(OIE, 2015). Pigs are considered the main reservoir 
of the virus and its most important disseminator. The 
disease is caused by Suid herpesvirus 1 (SuHV-1, 
family Herpesviridae) (DAVISON et al., 2009).

Cases of SuHV-1 infection can be found 
in parts of Europe, Southeast Asia, Central America 
and South America (OIE, 2015). Besides the 
infection of domestics pigs, common problem is the 
high number of feral pigs and wild boar infected by 
SuHV-1. In the United States, different publications 

presented a percentage of positive samples varying 
from 0% to 60.91% in the states were the samples 
were collected (MÜLLER et al., 2011). Two 
researches were done in Brazil. The first one used 358 
samples from 1998-2001 collected from different 
farms and demonstrated prevalence varying from 
0% to 55.9% positive samples in ELISA (CUNHA 
et al., 2006). The second research was done with 186 
samples collected from feral pigs throughout the 
Brazilian wetland plain, obtaining 31.8% positive 
in serum neutralization (PAES et al., 2013). Due to 
the health risk, the fact of being a notifiable disease 
that imposes severe sanitary barriers, PR is still 
constantly studied to evaluate methods of rapid and 
accurate diagnosis (OIE, 2015).
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ABSTRACT: Pseudorabies (PR) is a highly contagious viral disease of great animal health and economic importance in swine industry. The 
aim of this study was to evaluate different genomic regions, real-time PCR chemistries and equipment for the molecular diagnosis of PR. Eight 
primer pairs targeting four genes (gB, gC, gE, gD), three different qPCR chemistries (SybrGreen, hydrolysis probes and plexor) and two equip-
ment (ABI7500, Rotorgene 3000) were evaluated. Oligonucleotides targeting gB using hydrolysis probes showed the best performance after 
evaluating efficiency (99%), the detection limit (10-1.5 TCID50 mL-1) and diagnostic sensitivity and; therefore, those primers were selected for 
performance verification factors such as repeatability, reproducibility and robustness (1.39% variance between days, 24% variance between 
analysts and 4.07% variance in analysis error). The qPCR standardized and validated in this research proved to be reliable for the diagnosis 
of PR and may be used in diagnostic laboratories that follow ISO 17025 and ISO 16140.
Key words: real time PCR, pseudorabies, diagnose.

RESUMO: Pseudorraiva (PR) é uma doença viral altamente contagiosa de grande importância sanitária e econômica na indústria suína. O 
objetivo deste estudo foi avaliar diferentes regiões genômicas, químicas de PCR em tempo real e equipamentos para o diagnóstico molecular 
de PR. Foram avaliados quatro genes (GB, GC, GE, gD), três diferentes produtos químicos (SybrGreen, sondas de hidrólise e plexor) e dois 
equipamentos (ABI7500, Rotorgene 3000). Oligonucleotídeos com alvo para gB baseados na química de sondas de hidrólise apresentaram o 
melhor desempenho nos testes de eficiência (99%), de limite de detecção (10-1.5 TCID50 mL-1) e sensibilidade diagnóstica. Portanto, estes foram 
selecionados para fatores de verificação de desempenho, tais como a repetibilidade, reprodutibilidade e robustez (1,39% de variância entre dias, 
24% variância entre analistas e 4,07% de variância por erro de análise). A qPCR, padronizada e validada neste trabalho, mostrou-se confiável 
para o diagnóstico de PR e pode ser utilizada em laboratórios de diagnóstico que se seguem normas internacionais como ISO 17025 e ISO 16140.
Palavras-chave: PCR em tempo real, pseudorraiva, diagnóstico.
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PR diagnosis is performed by detection 
of the agent as virus isolation and identification 
or polymerase chain reaction as well as by 
detecting a serological response against SuHV-1. 
Viral isolation has the disadvantage of relying on 
the presence of viable viruses and the possibility 
of contamination of cell cultures (JULIAN & 
SCHWAB, 2012). The tests based on the antibody 
detection have the disadvantage of depending on 
the seroconversion of the animal. Use of these tests 
during the acute phase of the disease can lead to 
false-negative results, because it takes at least 10 
days after infection, on average, for the detection 
of antibodies. Another disadvantage is that younger 
animals may die before seroconversion, hindering 
serological diagnosis (KINKER et al., 1997).

A growing number of real time PCR 
(qPCR) chemistries are available to diagnostic 
laboratories. There are differences in performance 
of these methods concerning costs, detection limits, 
specificity and practicability (BUH GASPARIC et 
al., 2008). It is important to evaluate each chemistry, 
because its optimization and costs may have a 
impact in laboratory analysis. Detection limit, for 
example, occasionally changes according to qPCR 
chemistry used, which affects diagnostics sensitivity 
and indicates these molecular methodologies are not 
easily interchangeable (GHALMI et al., 2008).

International guides such as the Manual 
of Diagnostic Tests and Vaccines for Terrestrial 
(OIE, 2015) and laboratory quality systems (ISO 
17025, 2010) highlight the importance of checking 
the performance of analytical methods and 
documentation of the validation research to obtain 
reliable and appropriate results for the intended use. 
The aim of this study was to develop and verify the 
performance of molecular methods for detection of 
SuHV-1 targeting different genes, real time PCR 
chemistries and equipment.

MATERIALS   AND   METHODS

Samples were allocated into three groups: 
1 - sixteen isolated viruses (including standard 
sample Shope and vaccine strain Bartha), 2 - spiked 
samples for use in detection limit and performance 
verification and 3-25 positive and 85 negative 
clinical specimens (swine brain) with results in 
other techniques diagnosis (virus isolation for the 
tissue and virus neutralization from serum collected 
from each animal). Each group is described below.

Virus isolates used in this research were 
the standard strain Shope, vaccine strain Bartha and 

fourteen Brazilian SuHV-1 isolates (four genotype 
I and ten genotype II) previously characterized by 
FONSECA JR. et al. (2010a) and FONSECA JR et 
al. (2012). Viruses were grown in PK15 cells and 
DNA extracted as described by FONSECA JR et al. 
(2010b) (Group 1). All cells were previously tested 
for contamination (PPV, PCV-2, Mycoplasma, 
BVDV) as described by PINHEIRO de OLIVEIRA 
et al. (2013).

The spiked samples were brains of pigs 
from farms located in the free zone for PR and 
without history of PR. Each tissue was spiked with 
the standard strain Shope multiplied in PK-15 cell 
(104.5 TCID50 mL-1). Six of these samples were used 
to evaluate the detection limit. Virus suspension was 
diluted in base ten in TE (10mM Tris HCl 1mM 
EDTA, pH 8) from 10-1 to 10-6. Twenty five mg of 
porcine brain tissue were spiked with approximately 
600µL of the virus dilutions. DNA was extracted 
from the porcine brain tissues spiked and from the 
virus dilution in parallel so that the detection limit 
could be compared in the presence and absence of 
pig tissue (Group 2).

Clinical samples used were brains of 
domestic swine positive for PR and were described 
in a previous experiment (FONSECA JR et al., 
2010b). DNA was extracted using phenol/chloroform 
method according to SAMBROOK et al. (2001). The 
evaluation of the extracted DNA and the presence 
of inhibitors were performed based on the detection 
of GAPDH gene using primers GAPDH.230.F 
(5´GGGCGTGAACCATGAGAAGT3´)  and 
GAPDH.230.R (5´AAGCAGGGATGATGTTCTGG3´) 
in a 20µL reaction in the following conditions: 0,4µM 
of each primer, 10µL of SybrGreen PCR Master Mix 
(Applied Biosystems, USA) and thermocyling conditions 
according to the manufacturer.

SuHV-1 conserved sequences were se-
lected as target for PCRs after alignment using 
the software BioEdit Sequence Alignment Edi-
tor (HALL, 1999). Oligonucleotides (primers and 
probes) for SYBR Green and hydrolysis probe 
chemistries were designed using the software 
Primer3Plus. Primers for Plexor technology were 
designed using the software Plexor Primer Design 
(Promega, USA) (Table 1). Oligonucleotide speci-
ficity was tested in silico using PrimerBlast pro-
gram (NCBI).

All qPCR tests were performed using 
trial and error adjustments in oligonucleotide 
concentration and annealing temperature. Each 
technique was assessed according to reaction 
efficiency and detection limits for the choice 
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of the best oligonucleotides for each chemistry. 
All tests were performed with appropriate 
positive and negative controls, DNA extraction 
controls typically used for molecular methods. 
The following kits were used in each reaction: 
TaqMan® Fast Universal PCR Master Mix (Applied 
Biosystems, USA); SybrGreen PCR Master Mix 
(Applied Biosystems, USA) and GoTaq® qPCR 
Master Mix Plexor System (Promega, USA).

The efficiency of the qPCR reactions 
were tested using dilutions of DNA samples 
spiked with the standard strain Shope. Each 
dilution was tested in triplicate with different DNA 
concentrations in order to determine the optimal 
amount of nucleic acid to be added to reaction mixes 
(50ng µL-1 or 100ng µL-1). DNA concentrations were 
estimated by spectrophotometry (NanoVue®, GE 
Healthcare, USA). The efficiency of each PCR 
technique was assessed using standard curves 

and analyzing the values of R2, slope and limit 
of detection (LD).

PCRs with the highest efficiencies in each 
qPCR chemistries were selected to the following 
tests: selectivity tests, diagnostic specificity and 
diagnostic sensitivity. Only the qPCR with the best 
results in these tests was selected for repeatability 
and reproducibility.

Following the OIE criteria (OIE, 2015), 
selectivity tests were performed (exclusion and 
inclusion). The inclusion tests were conducted using 
fourteen SuHV-1 isolates from two different genetic 
groups and vaccine strain Bartha (FONSECA JR 
et al., 2012). Exclusion tests were performed with 
classical swine fever virus, African swine fever virus, 
bovine herpesvirus 1, porcine parvovirus, porcine 
circovirus 2 and Streptococcus suis.

Diagnostic specificity was tested using 
seventy samples (swine brain) collected from three 

 

Table 1 - Primers used in this research for molecular detection of SuHV-1 targeting different genomic regions and using different qPCR 
chemistries. 

 

Primers1 Sequence (5’-3’) Position2 Amplicom Size (bp) PCR Efficiency 

gB-Sybr-R GGTTCAGGGTACCCCGC 16697-16713 
195 78 gB-Sybr-F ACGGCACGGGCGTGATC 16891-16875 

   
gC-Sybr-R GACACCTCGCCCGAGAC 53614-53598 

104 0 gC-Sybr-F CTCTTCAGCTCCGCCAAC 53508-53525 
   
gD-Sybr-R GCCACCGCCTCGTTCAGC 119903-119886 

123 90 gD-Sybr-F GGTCCCCTCGCCCTTCGTC 119781-119799 
   
gE-Sybr-R GGAGAGACGATGGGGTGAGT 45470-45451 

116 75 gE-Sybr-F GACGGATGTGATGTTGCTGA 45355-45374 
   
gB-Taq-F CTCCTGCCGCACCTGAAG 19665-19648 

92 99 
gB-Taq-R GTCTGGAAGCGGTAGAAGCC 19574-19593 
gB-Taq-P 56-FAM/CGGAACTCGCTGACGCACCA  
   
gE-Taq-R GATGCAGGGCTCGTACAC 122148-122131 

136 96 
gE-Taq-F GGACACGTTCGACCTGATG 122013-122031 
gE-Taq-P 5CY5/AGCGTGGCGGTGAAGTTCTCG  
   
gD-Plexor-R GACTACATGTTCCCCACGGAGGA 120064-120086 

76 88 gD-Plexor-F FAM-5-iso-dC-GGTACTGGCCCTCGTTGAACC 120139-120119 
   
gE-Plexor-R GCCACGCTGGACTGGTACTAC 122077-122097 

126 86 
gE-Plexor-F TexRd-iso-dC- GAAGCTGCACGCCGGGTCCA 122202-122192 

 

1The names of each oligonucleotide are formed by the name of the protein encoded by the gene followed by the qPCR system. Sybr: 
SybrGreen, Taq: hydrolysis probe, Plexor: Plexor (Promega, USA). 
2Position in complete genome sequence of strain Becker (GenBank acess number: JF797219.1). 
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farms with no history of PR. Samples were collected 
from adult animals in a slaughterhouse. Animals were 
previously tested by virus neutralization test and the 
tissues submitted to a nested PCR (FONSECA JR 
et al., 2010b). Diagnostic sensitivity was evaluated 
using twenty-five samples (swine brain collected 
from animals form farms in the state of Santa 
Catarina in 2003; DNA extracted three years before 
this study) positive in viral isolation and in a nested 
PCR (FONSECA JR et al., 2010b). Viruses presented 
in clinical sample were characterized as genotype II 
in the cited publication.

Performance verification was done only 
with the methodology with better efficiency and 
LD as proposed by FONSECA JR et al. (2013). 
Testing repeatability occurred on three consecutive 
days, using seven different samples in triplicate (a 
sample in LD concentration, three samples a log 
above LD and three samples ½ log above LD in 
the respective concentrations from, 10-1.5 TCID50 
mL-1, 10-1.0 TCID50 mL-1 and 10-0.5 TCID50 mL-1). 
The same procedures were repeated for a second 
person. Statistical analysis for reproducibility and 
repeatability was done by calculation of variances 
and as described by ISO 16140 (2003).

The robustness was evaluated with the same 
samples. It was considered relevant to the methodology: 
pipetting error, reagent change and thermocycler. Thus, 
the variables tested were: the variation of +1µL and 
-1µL in the final volume of reaction; comparison of 
the equipment Rotor Gene 3000 (Qiagen, USA) with 
results obtained in 7500 machine (Applied Biosystem, 
USA) and we used UNG-dUTP qPCR Master Mix Kit 
(6mM MgCl2) (Ampliqon, Germany) for comparison 
with the TaqMan® Universal Fast PCR Master Mix.

For interlaboratory reproducibility, thirty 
negative and thirty positive spiked samples were used. 
Negative samples were composed of approximately 
25mg of tissue (swine brain) and 600µL of TE. Samples 
were divided in two parts, one was tested in the laboratory 
and another part sent to the Animal Virology Laboratory 
in Veterinary school at the Universidade Federal de Minas 
Gerais. Thermocycler used in the interlaboratory test was 
the Real-time 7500 (Applied Biosystems, USA). DNA 
extraction was performed with extraction kit AccuPrep® 
Genomic DNA Extraction (Bioneer Corporation, USA). 
The PCR reaction used the TaqMan® Fast Universal PCR 
Master Mix (Applied Biosystems, USA).

RESULTS

Oligonucleotides were analyzed for 
dimer formation and dG due to self anneling or 

loop formation. The gB-Sybr had 15 primer dimers 
and a maximum dG of 16.30 kcal mol-1. gE-Sybr 
had no primer dimer. Reaction efficiencies varied 
from 0% to 99% (Table 1). All qPCRs amplified 
DNA from strain Shope, but reactions targeting gE 
did not amplify DNA from vaccine strain Bartha. 
Only reactions with best efficiency for each qPCR 
chemistrie were included in the following tests. 
Oligonucleotides targeted to gB (hydrolysis probe) 
and gD (system SYBRGreen and Plexor) were 
selected due to higher efficiency.

In relation to the amount of DNA, 
concentrations of 50ng µL-1 and 100ng µL-1 were 
tested. As there was no significant difference 
between the amounts of amplification of DNA 
tested, it was decided that the lower amount of DNA 
would be used in all tests in order to obtain a test 
with less interfering substances.

The final volume of all qPCRs was 
20µL (18µL of mix and 2µL of DNA). Reagents 
concentrations for the qPCR with the best 
performances were: 0.375pmol µL-1 of each 
primer, 10µL of 2X Master Mix and 0.8% DMSO 
(Amresco®). Probe concentration was 0.2pmol uL-1 in 
the hydrolysis probe technique.

The first tests were performed only with 
the dilutions of the standard strain Shope, followed 
by phenol/chloroform extraction. The following 
LD were found for the different detection systems: 
10-0.5 TCID50 mL-1 for gD-SYBR, 10-1.5 TCID50 
mL-1 for gD-Plexor, 10-2.5 TCID50 mL-1 for gB-Taq. 
In the following test, a new standard curve was 
constructed with approximately 25mg of porcine 
brain tissue (per tube) spiked with virus suspension 
to determine the matrix interference in the SuHV-
1 DNA amplification. For all systems tested, a new 
LOD was reported: 100.5 TCID50 mL-1 (gD-SYBR), 
from 10-0.5 TCID50 mL-1 (gD-plexor), from 10-1.5 
TCID50 mL-1 (gB-Taq).

Analytical specificity was tested to verify 
the interference of other infectious agents. The 
three best qPCR for each chemistry were tested and 
proven to be high specific (100%). The qPCR did 
not amplify DNA from any organisms save from 
SuHV-1 isolates.

Twenty-five positive samples were 
tested for diagnostic sensitivity. The qPCR-gB-
Taq presented the highest diagnostic sensitivity, 
amplificating all positive samples (100% diagnostic 
sensitivity). qPCR-gD-Sybr and PCR-gD-plexor had 
72% and 96% diagnostic sensitivity, respectively. 
The three qPCRs did not present any amplification 
in the negative samples tested.
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We tested only qPCR-gB-Taq for 
performance verification due to its high diagnostic 
sensitivity. Data analysis by the coefficient of 
variance (CV), using seven samples in triplicates 
within three days of repeatability and reproducibility 
yielded the following results (Table 2). The CV was 
5% for qPCR using 50ng µL-1 of DNA and 8% for 
qPCR using 100ng µL-1 of DNA. These results show 
a low dispersion of the data, demonstrating that the 
developed method was stable and homogenous for 
both DNA concentrations. Statistical analysis as 
described by ISO 16140 (2003) indicated 1.39% 
variance between days, 24% variance between 
analysts and 4.07% variance in analysis error. The 
sum of those errors is below 30%, which indicated 
that the tests are adequate.

The next step was the robustness evaluation. 
Thus, variations considered significant for the method 
were: thermal cycler (CV 5.5%), Master Mix (CV 
1%) and pipetting error. The change of equipment 
and Master Mix did not affect the performance of 
the method. Reducing the reaction volume by 1µL 
did not interfere with the results and adding 1µL to 
the reaction mix suggested that an increase in the 
final volume of the reaction could lead to increased 

analytical sensitivity. There was 100% concordance 
in diagnostic sensitivity (positive samples) and 100% 
concordance in specificity (negative samples) in the 
interlaboratory tests.

DISCUSSION

Real-time PCR is an important tool in 
diagnosis. The viral detection by PCR in a latent 
or replicative state is a key tool in disease control 
(YOON et al., 2006). qPCR offer advantages like 
reduced risk of cross-contamination, shorter time 
required to perform the technique and excellent 
sensitivity and specificity.

There are other PCRs for detection of 
SuHV-1 described in the literature. A nested-PCR 
(FONSECA JR et al., 2010a) tested using the same 
samples to test analytical sensitivity had the same re-
sults for gD-plexor, was one log more sensible than 
gB-SYBR and one log less sensible than gB-Taq. 
Two hydrolysis probe qPCR for gE and gB described 
by MA et al. (2008) presented similar results, with gE 
less sensible than gB, but no PCR was able to amplify 
samples stored for more than 10 years as done in this 
research These PCRs, as well as others (YOON et al., 

 

Table 2 - Statistics generated from the Cts of qPCR-gB-Taq using samples at a concentration of 200 ng/uL. 
 

Sample Data 
---------------------Repeatability-------------------- ----------------------Reproducibility------------------ 

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3 
 Mean 29.502 28.240 29.132 28.803 26.987 29.632 
1 σ 0.134 0.160 0.057 0.097 0.100 0.135 
 CV%  0.5 0.6 0.2 0.3 0.4 0.5 
 Mean 29.887 27.348 27.284 28.618 27.186 29.686 
2 σ 0.085 0.121 0.014 0.040 0.648 0.124 
 CV % 0.3 0.4 0.1 0.1 2.4 0.4 
 Mean 28.711 28.279 27.329 28.823 26.389 30.612 
3 σ 0.589 0.241 0.296 0.493 0.082 0.197 
 CV % 2.1 0.9 1.1 1.7 0.3 0.6 
 Mean 31.500 30.451 29.554 30.733 28.926 32.497 
4 σ 0.322 0.210 0.351 0.067 0.088 0.178 
 CV % 1.0 0.7 1.2 0.2 0.3 0.5 
 Mean 31.561 30.264 29.820 30.635 30.123 31.528 
5 σ 0.078 0.114 0.166 0.190 0.882 0.154 
 CV % 0.2 0.4 0.6 0.6 2.9 0.5 
 Mean 32.339 30.601 30.048 30.593 29.501 32.932 
6 σ 0.372 0.209 0.083 0.061 0.976 0.281 
 CV % 1.2 0.7 0.3 0.2 3.3 0.9 
 Mean 33.057 31.244 31.039 32.800 31.151 35.560 
7 σ 0.241 0.177 0.172 0.505 0.586 0.123 
 CV % 0.7 0.6 0.6 1.5 1.9 0.3 
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2005; YOON et al., 2006; PEREZ & ARCE, 2009), 
were not subjected to all steps in a validation such 
as described here (repeatability and reproducibility, 
interlaboratorial tests).

Repeatability and reproducibility tests 
indicated that qPCR-gB-Taq performs well under 
requirements described by ISO 1640 (2003). 
Robustness tests indicated that the qPCR-gB-Taq is 
not subject to the interferences analyzed. The CV in 
the use of other equipment was 5.5% and replacement 
of the master mix obtained a CV of 1%, demonstrating 
that exchanging equipment and replacement of 
Master Mix did not affect the performance of the 
method. A significant CV must be greater than 15%. 
The increased amount of mix suggested an increase in 
sensitivity, but further tests are needed to verify if this 
would be beneficial to the assay, since increasing the 
final volume of the reaction also increased the cost of 
the reaction and, perhaps, decreased specificity.

This study demonstrated the importance of 
performance verification and the use of clinical sam-
ples in development of qPCR for diagnoses. The qPCR 
standardized and validated in this research proved to 
be reliable for the diagnosis of PR and may be used in 
diagnostic laboratories that follow Quality Assurance 
described by International Standard Guidelines like 
ISO 17025 (2010) and ISO 16140 (2003).
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