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Abstract Porcine circovirus type 2 (PCV2) is a spherical

and non-enveloped virus belonging to the genus Circovirus

of the Circoviridae family with a single stranded circular

DNA genome. This virus, already detected worldwide, has

been associated to several diseases and was implicated as

the etiological agent of a disease named postweaning

multisystemic wasting syndrome. Several methods have

been described for the detection of PCV2, being real-time

PCR the most simple and reliable. As far as we know, all

the real-time PCR systems described until now are based

on ORF2 gene, that exhibit the highest variability. This

paper reports the development and validation of a real-time

PCR targeted to ORF1 and based on a TaqMan probe for

the detection of porcine circovirus type 2 DNA in swine

samples. Due to the lack of PCV1 samples, the ability of

the test to discriminate between PCV1 and PCV2 positive

samples was evaluated in silico. Estimations of 100%

specificity and 100% sensitivity were obtained based on the

qPCR results with panel of 81 swine samples (known

PCV2-positive (n = 50); known PCV2-negative (n = 17);

samples positive to other common swine viral pathogens

(n = 13) and one sample from a BFDV-positive parrot

(n = 1)). Intra- and inter-assay coefficients of variation

obtained with three positive samples of different viral

charges in five replicates or in five independent assays were

below the acceptance threshold. The limit of detection

determined with a recombinant plasmid containing the

amplicon, led to conclude that this assay can detect at least

three plasmid copies.
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Introduction

Classified within the genus Circovirus of the Circoviridae

family, porcine circovirus type 2 (PCV2) was initially

identified in a Canadian swine herd in 1991, and since then,

has been implicated as the etiological agent of postweaning

multisystemic wasting syndrome (PMWS) [1]. This disease

of pigs is clinically characterised by growth retardation,

paleness of skin, dyspnoea, enlargement of inguinal lymph

nodes and occasionally jaundice and diarrhoea. Besides

PMWS, other diseases have been associated to PCV2,

namely porcine dermatitis and nephropathy syndrome

(PDNS), reproductive failure, proliferative and necrotizing

pneumonia, congenital tremors and central nervous system

diseases [6]. PCV2 infection has a serious economic impact

on the swine industry worldwide, having been diagnosed in

the five continents [5]. Although mortality is comparatively

low (4–20%), morbidity can reach up to 50–60% in

affected farms [15]. However, since vaccination was

introduced in 2006 [4], the occurrence of PMWS has

declined abruptly [13]. The presence of PCV2 in healthy

pigs suggests that although the virus presence is crucial to

induce PMWS, additional factors are also involved in the

development of clinical disease [5].

PCV2 is spherical, non-enveloped and constitutes the

smallest (17 nm of diameter) virus known until date. The

genome, of about 1768 nucleotides, is circular and single

stranded [11].
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Agrária e Veterinária, Av. da República, Quinta do Marquês,

Oeiras, 2780-157 Lisbon, Portugal

123

VirusDis. (July–September 2018) 29(3):355–361

https://doi.org/10.1007/s13337-018-0476-y

http://orcid.org/0000-0003-1835-3077
http://crossmark.crossref.org/dialog/?doi=10.1007/s13337-018-0476-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13337-018-0476-y&amp;domain=pdf
https://doi.org/10.1007/s13337-018-0476-y


PCV2 was initially demonstrated by restriction fragment

length polymorphism (RFLP) assays [3] and direct detec-

tion of viral antigen or DNA in tissue lesions by immuno-

histochemistry or in situ hybridization, respectively [12].

After that, quantitative PCR [2] and loop mediated

isothermal amplification (LAMP) PCR [22] were reported

for the identification of PCV2. More recently, DNA

microarrays [8], as well as isothermal recombinase poly-

merase amplification assays, were described for the diag-

nosis of PCV2 in pigs [18]. Other real-time PCR reactions

were reported [19–21], all of them based on ORF2, in

which the variability observed among strains is higher than

in ORF1. Moreover, one of the reactions [19] uses SYBR

Green technology, less accurate, detecting a minimum of

1000 copies; while the other two, based on a TaqMan

Probe exhibit limits of detection of 10 [21] and 25 [20].

The detection of PCV2 antibodies are commonly per-

formed by ELISA using commercial kits.

This paper reports the development and validation of

quantitative PCR (qPCR) for the detection of PCV2 in

swine samples, using primers and a TaqMan probe directed

to a conserved region of the replicase encoding gene (rep).

Materials and methods

Primers and probe design

A preliminary alignment was performed with full genomic

sequences, representing the three genotypes (PCV2a,

PCV2b and PCV2c). The replicase encoding gene (rep)

was selected as target due to its lower nucleotide diversity

among the strains analysed. Primers PCV2-PT-rep6(F) and

PCV2-PT-rep149(R) with sequences 50-CAGCAAGAA-
GAATGGAAG-30 and 50-TTACCCTCCTCGCCAAC-30

respectively were selected (Table 1), allowing the ampli-

fication of a 144 bp conserved region. A reverse-comple-

ment probe, leading to steeper curves was designed (PCV2-

PT-probe(R), with sequence 50-FAM-TCCCGTATT

TTCTTGCGCTCGTCTTC-TAMRA-30 (Table 1)).

A nucleotide alignment with about 1780 sequences

available at GenBank (September 2017) that contain the

144 nt qPCR target sequence was performed, in order to

carry out an in silico analysis of the primers and probe.

qPCR

A pool of organs including lymph nodes, lung, kidney,

intestine, skin, spleen and tonsil from a PCV2-positive pig

was used for viral DNA extraction, using a nucleic acid

extraction workstation BioSprint 96 (Qiagen), according to

manufacturer’s instructions. Extracted DNA was used as

template in the PCR. The reaction was performed with

500 ng of total DNA, 25 pmol of each primer and 5 pmol

of probe, using the FastStart PCR Master Kit (Roche),

according to the manufacturer’s protocol. The amplifica-

tion program included an initial denaturation at 95�C for

10 min, followed by 45 cycles of denaturation at 95�C for

15 s, annealing at 52�C for 30 s and extension at 60�C for

20 s. The qPCR machine used was the CFX96 real-time

system associated to C1000 thermal cycle (Biorad).

Sensitivity and specificity

The sensitivity of the method was evaluated by testing 50

DNA samples confirmed PCV2 positive by other PCR

method [14]. Samples from genotypes PCV2a and PCV2b,

obtained between 2000 and 2010, were tested.

To evaluate the specificity of the test, 17 samples con-

firmed PCV2-negative by other PCR method [14] were

assayed. The specificity was also evaluated by testing 13

samples positive for other swine diseases viruses, namely

African swine fever virus (ASFV), classical swine fever

virus (CSFV), European and American strains of porcine

reproductive and respiratory syndrome virus (PRRSV),

porcine epidemic diarrhea virus (PEDV), wild-type and gE

deleted strains of pseudorabies virus (PRV), swine vesic-

ular disease virus (SVDV), foot-and-mouth disease virus

(FMDV), porcine parvovirus (PPV), swine influenza virus

(SIV), swine coronavirus and swine rotavirus. Also, a

positive sample of beak and feather disease virus, a cir-

covirus from parrots, was tested [7]. Unfortunately, none

sample of PCV1 was available, so the capability of the test

to discriminate between the two types of PCV was only

performed by in silico analysis.

In order to verify if the differences obtained between the

Ct values of positive and negative samples were statisti-

cally significant, a statistical analysis was performed using

the unpaired t test with GraphPad Prism 5 Demo software.

For the statistical analysis, the Ct (cycle threshold) value of

Table 1 Primer pair and

TaqMan probe sequences

designed for the detection of

PCV2

Primer/probe Sequence (50 ? 30) Positiona

PCV2-PT-rep6(F) CAGCAAGAAGAATGGAAG 56–73

PCV2-PT-rep149(R) TTACCCTCCTCGCCAAC 199–183

PCV2-PT-probe(R) TCCCGTATTTTCTTGCGCTCGTCTTC 151–126

aNumbering according PCV2 sequence HQ831540
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the negative samples was considered to be Ct 40. Since the

unpaired t-test cannot be performed in a set of equal values,

one of the negative Ct values was assumed to be Ct

40.0001.

Repeatability evaluation

The variation of a set of results obtained by a given sample

was determined to evaluate the repeatability of the qPCR

test. Both intra- and inter-assay variabilities were investi-

gated through the analysis of the results obtained with a set

of samples tested in replicates and in independent assays,

respectively. To determine intra-assay variability, five

replicates of three positive samples with different Ct (cycle

threshold) values (low, medium and high Ct values) were

tested in the same assay. On the other hand, inter-assay

variability was evaluated by testing the three samples in

five independent assays. In both cases, the coefficient of

variation (%CV) was determined by dividing the standard

deviation by the average of the Ct values obtained. The

DNA sample used for the determination of the intra-assay

variability for medium Ct value was not the same that the

one used for the determination of the inter-assay

variability.

Determination of the limit of detection

The limit of detection corresponds to the lowest number of

copies detected in the qPCR reaction. To determine this

limit, the assay was performed with ten-fold serial dilutions

of an infectious clone (pCirc), previously constructed by

our group. For the construction of pCirc, the complete

genome of a PCV2 strain detected in our laboratory in 2005

(GenBank accession number HQ831532) was amplified

using reverse complement overlapping primers, SacF (50-
GAACCGCGGGCTGGCTGAACTTTTGAAAGT-30) and

SacR (50-GCACCGCGGAAATTTCTGACAAACGTT
ACA-30), including the SacII restriction site. The amplicon

was cloned into the pCR2.1 vector (Invitrogen), originating

the TA-CircSac recombinant. Another fragment of 850 bp

comprising the region between EcoRI and SacII restriction

sites, amplified with primers EcoF (50-GCGGAATT-
CAACCTTAACCTTTCTTATTCT-30) and SacR, was

cloned into pEGFP vector (Clontech), giving rise to

pCircEcoSac. The infectious clone was constructed after

restriction of both plasmids with SacII restriction enzyme

by cloning CircSac fragment of TA-CircSac into pCircE-

coSac, using One Shot TOP10F’ chemically competent

Escherichia coli (Invitrogen), originating pCirc. The plas-

mid, with a total size of 7325 bp, was extracted using the

Plasmid Midi Purification kit (Qiagen) and the concentra-

tion was determined by spectrophotometry at 260 nm. The

concentration of the stock solution was 1.25 9 10-6 g/ll.

The mass of one molecule of pCirc was determined

using the formula:

m ¼ 7325 bp� 1 mol

6:023� 1023 molecules
� 660 g=bp

1 mol
¼ 8:03� 10�18 g/molecule

Ten-fold serial dilutions were prepared, starting with

3 9 105 plasmid copies (2.4 9 10-12 g), until one plasmid

copy per reaction was present. The qPCR assay was per-

formed with duplicates for each concentration.

Results and discussion

Primers and probe design

For the in silico analysis, primers and probe sequences

were aligned with all the PCV2 sequences available in

GenBank (September 2017). From the 1787 sequences

containing the region complement to PCV2-PT-

rep6(F) forward primer, only 14 sequences (0.78%) may

fail amplification due to a mutation in the first (n = 12,

0.67%) or second (n = 2, 0.11%) nucleotide of the 30 end.
These 14 sequences are originated from China (n = 8,

0.45%), Cuba (n = 2, 0.11%), South Korea (n = 2, 0.11%),

India (n = 1; 0.06%) and Malaysia (n = 1, 0.06%). Con-

cerning PCV2-PT-rep149(R) reverse primer, from the 1790

sequences available, four sequences (0.22%) originated

from Eastern countries (China (n = 2, 0.11%), India (n = 1,

0.06%) and Australia (n = 1, 0.06%)), presented a mutation

in the second nucleotide of the 30 end. In two sequences

(0.11%) from China (GenBank accession numbers

KJ680360 and GU325763), more mismatches were iden-

tified with only eight nucleotides being preserved on the

central region of this primer, hampering the detection of

these strains by the method.

The higher variability was observed within PCV2-PT-

probe complement sequences. However, most of the

sequences (188, 10.56%) from the 1780 sequences avail-

able differ in one unique nucleotide, the large majority

(n = 156, 8.76%) located in the third nucleotide of the 30

end. The single mutation is distributed in other several

nucleotide positions of the probe sequence in the remaining

32 strains (1.80%). Only eight sequences (0.45%) present 2

mutations (92.3% similarity), and in sequence KJ680360

(0.06%) six mutations are observed. Except for six strains

from South Korea (KX828220/33/34/35, JF317566/8),

three from Canada (AF086835, DQ220732, EU747085),

two from the USA (AY099497 and KR816332), two from

India (LC004740/52), two from Brazil (KT819159/70) and

one from Japan (KR054744), Malaysia (JF690918),

Indonesia (KT369068), Denmark (EU148507), Sweden

(EU386606) and Portugal (HQ831528), all the strains
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exhibiting mutations in relation to the probe originated in

China, and were collected between 2004 and 2016. For

these reasons, we can conclude that this system is able to

detect the vast majority of the strains.

According to several authors [9, 10, 16], depending on

the location, one or two mutations in primers or probe may

reduce the sensitivity of the PCR but not prevent amplifi-

cation. In most cases, no effect is noted due to mutations in

primers or probe. Strain HQ831528 from Portugal, detected

in our lab in 2006, presents one mutation in nucleotide six

from the 30 end. The real-time PCR method described in

this paper was performed with DNA from this strain, and

an amplification curve with Ct 19.9 was obtained, con-

firming that such mutation in the probe annealing sequence

had no effect in the reaction.

Sensitivity and specificity

Specificity corresponds to the proportion of negative

samples which are correctly identified by the test. To assess

the specificity of the PCR, 17 negative samples were

assayed, all testing negative. The specificity of the test was

also evaluated by its capacity to generate negative results

with samples positive for other swine viruses. Swine

samples positive to 13 other virus pathogens (African

swine fever virus (ASFV), classical swine fever virus

(CSFV), European and American strains of porcine

reproductive and respiratory syndrome virus (PRRSV),

porcine epidemic diarrhoea virus (PEDV), wild-type and

gE deleted strains of pseudorabies virus (PRV), swine

vesicular disease virus (SVDV), foot-and-mouth disease

virus (FMDV), porcine parvovirus (PPV), swine influenza

virus (SIV), swine coronavirus and swine rotavirus) and a

positive sample of beak and feather disease virus, a cir-

covirus from parrots, tested negative in the qPCR further

demonstrating 100% specificity of the test. No PCV1

sample was available to test the capability of the test to

discriminate between the two types of porcine circovirus,

however, an in silico analysis revealed that both primers

and probe cannot recognize PCV1 nucleotide samples.

The sensitivity of the test reported here was evaluated

by measuring the proportion of positive samples correctly

identified by the qPCR. For this purpose, 50 DNA samples

testing PCV2-positive by other method were assayed.

Since all the samples tested positive in this qPCR, the

overall results reveal a sensitivity of 100%.

Figure 1 represents the Ct values obtained in the PCR

test for positive (n = 50) and negative (n = 31) DNA

samples. The P value obtained was lower than 0.0001

(P\ 0.0001), confirming that the two groups are statisti-

cally different.

Repeatability evaluation

The intra- and inter-plate precisions were evaluated by

testing three positive DNA samples with different viral

charges in five replicates in the same assay or in five

independent assays, respectively. In both cases, precision

was expressed as a percentage of the coefficient of varia-

tion of the Ct values obtained. Table 2 shows the coeffi-

cients of variability obtained with the samples used in the

intra- and inter-plate precision evaluations.

The intra-plate variability determined with DNA sam-

ples of three different viral charges was very low for each

sample tested. DNA sample of low viral charge originated

%CV slightly higher (CV = 0.97%) than the other two

DNA samples (CV = 0.72% and CV = 0.71%), but still

lower than 1. As expected, the inter-plate variability or

reproducibility observed with each of the samples tested

was higher than the intra-plate variability, since more

factors can vary between each assay. In this case, the DNA

sample of high viral charge originated a lower %CV

(CV = 1.00%) than the other two samples (CV = 2.04%

and CV = 2.03%).

The results obtained indicate that the qPCR is highly

repeatable and reproducible.

Determination of the limit of detection

The limit of detection is defined as the smallest amount of

plasmid copies detectable in the assay. For the determi-

nation of this limit, a plasmid containing the fragment to be

amplified in the PCR reaction and with known concentra-

tion is tested in serial dilutions. The limit of detection

corresponds to the minimum number of copies that can be

detected in the reaction.

Fig. 1 Representation of Ct values obtained in the PCR test for

positive (n = 50) and negative (n = 31) DNA samples. For negative

samples, the Ct value was considered to be Ct = 40, but since the

unpaired t-test cannot be performed in a set of equal values, one of the

negative Ct value was assumed to be Ct = 40.0001. The averages of

Ct values as well as the standard deviation are represented. Means and

respective standard errors (SEM) were 18.86 ± 1.040 (n = 50) for

positive samples and 40 ± 0.000 (n = 31) for negative DNA samples
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The infectious clone pCirc was tested in the real-time

PCR method in seven ten-fold serial dilutions, starting at

3 9 105 plasmid copies and until one plasmid copy was

expected to be present. The assay was performed in

duplicate and the Ct values obtained were registered. The

curves obtained in the q PCR are represented in Fig. 2.

The only concentration at which no DNA amplification

was achieved was one plasmid copy, and therefore the limit

of detection determined was three plasmid copies, since it

was the smallest concentration at which DNA was still

detected.

A calibration line was obtained by the representation of

the Ct values as a function of the logarithm of the copy

number (Fig. 3). A correlation coefficient of 0.998 was

obtained. Since Ct increases with decreasing number of

plasmid copies, the slope is negative. For ten-fold serial

dilutions the slope is - 3.33 when E = 100%, considering

that a perfect doubling of the number of DNA molecules

occurs [17]. In this case an acceptable slope of - 3.576,

corresponding to a PCR efficiency of 90.4% (given by the

expression E ¼ ð10�ð1=slopeÞ � 1Þ � 100) was obtained.
A qPCR based on a TaqMan probe was developed for

the molecular diagnosis of PCV2 in swine samples.

Both sensitivity and specificity were assessed in 100%,

revealing the full capacity of the test to differentiate a

positive from a negative PCV2-DNA sample even when

low viral charges are present. Moreover, samples positive

for other swine viruses or for a circovirus from another

species tested negative in this PCR assay, demonstrating

the specificity of the test.

The precision intra- and inter-assay determined with

three positive DNA samples of different viral charges in

five replicates or in five independent assays, showed CV

well below the acceptable limit, indicating that a test has

good repeatability and reproducibility.

The test performed with a plasmid containing the frag-

ment to be amplified in the qPCR, with known

Table 2 Intra- and inter-plate

precision evaluations based on

the coefficients of variability

(CV) obtained with one sample

in five independent assays or

with three samples of different

viral charges in the same assay

(5 replicates)

Sample Variability intra-plate Variability inter-plate

Sample 1 Sample 2a Sample 3 Sample 1 Sample 4a Sample 3

Replicate 1 16.96 21.99 33.01 16.76 21.09 32.69

Replicate 2 16.84 22.13 33.21 17.06 21.63 31.96

Replicate 3 16.89 21.82 33.87 17.19 21.59 31.45

Replicate 4 17.05 22.2 33.38 17.16 20.69 31.76

Replicate 5 16.73 22.16 33.48 17.05 20.82 33.01

Average 16.89 22.06 33.39 17.04 21.16 32.17

Standard deviation 0.12 0.16 0.32 0.17 0.43 0.65

CV (%) 0.72 0.71 0.97 1.00 2.04 2.03

aThe DNA samples used for the determination of the intra- and inter-assay variabilities for medium Ct

values was not the same due to the lack of available DNA

Fig. 2 Amplification curves obtained in the real-time PCR reaction

performed for the determination of the limit of detection. Duplicates

of seven ten-fold serial dilutions of the infectious clone pCirc, starting

at 3 9 105 plasmid copies and until 1 plasmid copy were assayed. Ct

values obtained for each replicate are indicated in the table at the right

side
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concentration in serial dilutions led to conclude that this

assay can detect a minimum of three plasmid copies.

This method is used in our laboratory since 2007 in

routine analysis and has proven to be a reliable molecular

method for the detection of porcine circovirus in pigs.
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