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RESUMO.- [Sandwich ELISA com duplo anticorpo ba-
seado no circovirus suíno tipo 2 (PCV2) produzido em 
cultivo celular para detecção de anticorpos.] Há poucos 

relatos na literatura de métodos de ELISA (Enzyme-linked 
immunosorbent assay), para a detecção de anticorpos con-
tra o circovírus suíno tipo 2 (PCV2), baseados em antígenos 
produzidos em cultivo celular, bem como uma escassez de 
trabalhos descrevendo técnicas de purificação viral para os 
membros da família Circoviridae. Isso ocorre, pois os circo-
vírus são de difícil isolamento, não causam efeito citopático 
e produzem um baixo título viral em cultivo celular. Assim, 
para superar essas dificuldades encontradas no cultivo do 
PCV2, este estudo objetivou desenvolver um sandwich ELI-
SA com duplo anticorpo, baseado no antígeno de PCV2 pro-
duzido em cultivo celular, para a quantificação de anticor-
pos anti-PCV2. Um colchão de sacarose descontínuo a 20% 
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Few studies have described enzyme-linked immunosorbent assays (ELISAs) for the de-
tection of antibodies against porcine circovirus type 2 (PCV2) based on antigens produced 
in cell culture. Furthermore, few articles have described viral purification techniques for 
members of the family Circoviridae. This occurs because circoviruses are difficult to iso-
late, noncytopathogenic, and produce low viral titres in cell culture. Thus, for overcoming 
these difficulties in the cultivation of PCV2, this study aimed to develop a double-antibody 
sandwich ELISA based on the cell culture antigen PCV2b for the quantification of anti-PCV2 
antibodies. A 20% and 50% discontinuous sucrose cushion was used for viral purification, 
which enabled the separation of cell culture proteins in the 20% sucrose cushion and a 
greater viral concentration in the 50% sucrose cushion. Following isopycnic centrifugation, 
PCV2 was concentrated in the band with density values from 1.330 to 1.395g/cm3. Viral pu-
rification was assessed using SDS-PAGE, indirect ELISA and electron microscopy. The stan-
dardised ELISA revealed a strong linear correlation (r= 0.826, p<0.001) when compared 
with a commercial ELISA kit. The assay exhibited low variability (inter-assay coefficient of 
variation of 4.24% and intra-assay of 1.80%) and excellent analytical specificity conferred 
by the capture antibody produced in rabbit. Thus, this ELISA is a rapid, specific and conve-
nient method for the detection of antibodies against PCV2 in studies of experimental and 
natural infection, and in monitoring the response to vaccination on commercial farms.
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e 50% foi utilizado para a purificação viral, o qual possibi-
litou a separação das proteínas oriundas do cultivo celular 
no colchão de sacarose a 20% e uma maior concentração 
viral no colchão de sacarose a 50%. Com a ultracentrifu-
gação isopícnica, o PCV2 ficou mais concentrado na banda 
com valores de densidade de 1,330 a 1,395g/cm3. A purifi-
cação viral foi avaliada pelas técnicas de SDS-PAGE, ELISA 
indireto e microscopia eletrônica. Assim, o método de ELISA 
padronizado revelou uma forte correlação linear (r = 0,826, 
p <0,001) quando comparado com um kit de ELISA comer-
cial. O ensaio demonstrou baixa variabilidade (coeficientes 
de variação inter-teste de 4,24% e intra-teste de 1,80%) e 
uma excelente especificidade analítica conferida pelo anti-
corpo de captura produzido em coelho. Portanto, o método 
de ELISA demonstrou ser rápido, específico e conveniente 
para a detecção de anticorpos contra o PCV2 em estudos de 
infecção natural e experimental, além da monitoria da res-
posta à vacinação contra o PCV2 em granjas comerciais.
TERMOS DE INDEXAÇÃO: Enzyme-linked immunosorbent assay, 
centrifugação isopícnica, circovirus suíno tipo 2, colchão de saca-
rose, anticorpo.

INTRODUCTION
Porcine circoviruses (PCVs) belong to the family Circovi-
ridae, genus Circovirus. PCVs are small (17-nm-diameter), 
icosahedral, non-enveloped viruses containing a circular 
single-strand DNA genome. There are two types of PCV: 
the nonpathogenic PCV1, persistently contaminating the 
pig kidney cell cultures PK-15 (ATCC CCL 33) (Tischer et al. 
1974), and PCV2, which is the primary agent of various syn-
dromes in pigs termed porcine circovirus diseases (PCVD) 
(Segalés 2012). Post-weaning multisystemic wasting syn-
drome (PMWS) or PCV2-systemic disease (PCV2-SD) is the 
main clinical manifestation of PCVD and is of great econo-
mic importance worldwide (Segalés 2012).

Four open reading frames (ORFs) are encoded by the 
PCV2 genome. ORF1 encodes the Rep and Rep’ proteins in-
volved in viral replication (Cheung 2003). ORF3 (Liu et al. 
2005, 2006) and ORF4 (He et al. 2013) encodes non-struc-
tural (NS) proteins related to viral pathogenesis. ORF2 en-
codes the major structural capsid protein (Cap, 30 kDa), 
which is also the main antigenic determinant of the virus 
(Nawagitgul et al. 2000).

The detection of antibodies against the virus has no 
diagnostic value for PCVD because PCV2 is widespread 
worldwide (Allan & Ellis 2000). However, the quantification 
of antibodies is very useful for studies on PCV2 infection 
dynamics and its relationship with PMWS, in the associa-
tion with protection against PCV2 infection, in serologi-
cal surveys, in the assessing the effectiveness of vaccines 
in development, in the adoption of vaccination programs 
analysing the level and decline of passive immunity, in the 
evaluation of the animal response to vaccination and as an 
indicator of viral exposure and circulation on farms (Nawa-
gitgul et al. 2002, Blanchard et al. 2003, Gerber et al. 2009).

In this context, indirect immunofluorescence (IIF) 
(Allan et al. 1999) and immunoperoxidase monolayer as-
say (IPMA) (Rodríguez-Arrioja et al. 2000) methods are ty-

pically used in detecting antibodies against PCV2. However, 
these methods are extremely laborious, are time consu-
ming and require experienced professionals for the prepa-
ration of infected cells and for the interpretation of results 
(Nawagitgul et al. 2002).

Conversely, enzyme-linked immunosorbent assays 
(ELISAs) are methods with high analytical sensitivity and 
specificity, low cost, fast, and may be automated, favouring 
the large-scale study of several serum samples. For the de-
tection of antibodies against PCV2, the systems of antigen 
production in Escherichia coli (Shang et al. 2008, Marceko-
va et al. 2009, Sun et al. 2010, Ge et al. 2012), insect cells 
(Nawagitgul et al. 2002, Blanchard et al. 2003, Liu et al. 
2004) and insect larvae (Pérez-Martín et al. 2008) exhibit 
more restricted access to techniques when compared with 
traditional antigen production in cell culture. However, the-
se systems exhibit high purified protein yields (Nawagitgul 
et al. 2002, Spencer et al. 2007), which could be used in in-
direct ELISA methods. Production of pure or partly purified 
viral antigens with good yield commonly used in these ELI-
SA methods is highly dependent on the amount of antigen 
mass that is produced.

Few published studies (Walker et al. 2000, Nawagitgul 
et al. 2002, Huang et al. 2011) have used the ELISA method 
to detect antibodies against PCV2 based on antigens pro-
duced in cell culture because PCVs are difficult to isolate 
in cell culture, do not cause cytopathic effects and produce 
low viral titres (Meerts et al. 2005, Chen et al. 2013).

This problem may be circumvented when the antigen 
is bound to a microplate well via a specific antibody (Cro-
wther 1995a). The specific capture antibody will bind to 
the antigen in a proportional manner to a wide range of 
protein concentrations, which enables the use of the crude 
or semi-purified virus produced in cell culture as the anti-
gen. Therefore, these assays provide reproducible results, 
and the use of crude antigen makes this technique more 
accessible and fast. Besides, the preparation of cell cultures 
of swine testicle (ST) persistently infected with PCV2b with 
high viral loads was previously reported (Cruz & Araujo Jr 
2014), enabling its use as source of PCV2 antigen for sero-
logical techniques.

Thus, this study aimed to develop a double-antibody 
sandwich ELISA for the detection of antibodies against 
PCV2 produced in cell culture. This study also aimed to 
describe the method of PCV2 purification that is of critical 
importance in the production of specific antibodies.

MATERIALS AND METHODS
Viral antigens. The supernatant and lysate of PCV1-free ST 

cells and infected with PCV2b (GenBank accession KF374705) 
derived from the virus culture were used as the viral stock as pre-
viously described (Cruz & Araujo Jr 2014). This viral stock was 
frozen and thawed three times, treated with 5% Vertrel® (DuPont, 
Wilmington, USA) and clarified at 10,000xg for 10 min at 4oC. The 
supernatant was used in the viral purification and as the PCV2 an-
tigen (PCV2 Ag) in the double-antibody sandwich ELISA. Lysates 
of uninfected ST cells were prepared in the same way and used 
as ST antigen (ST Ag). PK-15 cell lysate persistently infected with 
PCV1 treated with D-glucosamine (Tischer et al. 1987) was used 
as PCV1 antigen (PCV1 Ag).
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PCV2 Purification. The pellet from the clarification was treat-
ed with lysis buffer (0.05 M Tris, 0.15 M NaCl, 0.002 M EDTA, 0.1% 
SDS, 1% Triton X-100, 0.1% sodium azide, pH 8.0) as previously 
described (Pogranichnyy et al. 2000). The supernatants (from the 
resuspended pellet and from the cell culture supernatant) were 
pooled and ultracentrifuged at 190,000xg for 3h at 4oC for the 
concentration of the virus. The pellet was resuspended, loaded 
on a 20% and 50% (w/w) discontinuous sucrose cushion, and 
ultracentrifuged at 190,000xg for 3 h at 4°C. Following ultracen-
trifugation, 0.2mL fractions were collected. Refractometry index 
(RI, Brix Scale) and optical density (OD) at 260 and 280nm were 
measured for each fraction. Fractions pelleted in the 50% sucrose 
cushion were dialysed against PBS (0.01 M PO4

-2, 0.14 M NaCl, pH 
7.4). This procedure was performed twice (1st and 2nd sucrose 
cushion). Subsequently, virus was banded in an isopycnic caesi-
um chloride gradient (37% CsCl, w/w) by ultracentrifugation at 
238,000xg for 72h at 4oC. The RI (Brix Scale) and ODs (260 and 
280 nm) were measured for each collected fraction (0.4mL). The 
RI values were converted into values of the density fluctuation in 
CsCl. Fractions with high ODs and density fluctuation values in 
CsCl approaching the porcine circovirus (1.37g/cm3) were select-
ed and dialysed against PBS pH 7.4. Aliquots from each phase of 
the viral purification procedure were separated, and the protein 
concentrations were assessed using the bicinchoninic acid (BCA) 
method and bovine serum albumin (BSA) as a protein standard 
(Smith et al. 1985).

Analysis of the PCV2 purification. All aliquots (n=10) sep-
arated from the viral purification were analysed at the concen-
tration of 0.2μg/μL by SDS-PAGE (sodium dodecyl sulphate–po-
lyacrylamide gel electrophoresis). Resolving gels (12.5%) were 
prepared as previously described (Laemmli 1970). The same 
aliquots (n=10) were analysed by indirect ELISA, as previously 
described (Liu et al. 2004) with some modifications. For this 
purpose, a 96-well microplate (Medisorp, Nunc, Waltham, USA) 
was coated with each one of the aliquots/well at a concentration 
of 10ng/μL with PBS, pH 7.4. Rabbit anti-PCV2 serum diluted at 
1:5000 (Sorden et al. 1999) was used as the detector antibody. The 
horseradish peroxidase (HRP)-conjugated bovine anti-rabbit im-
munoglobulins (Santa Cruz Biotechnology, Dallas, USA) was used 
at a 1:5000 dilution. The fractions selected from the isopycnic CsCl 
gradient after dialysis were analysed using a CM100 transmission 
electron microscope (TEM, Philips, Eindhoven, Netherlands), and 
200-mesh grids with Formvar film were mounted with the sam-
ples and negatively stained with 2% (w/v) phosphotungstic acid 
(PTA), pH 7.4. All analyses were performed to select the fraction 
with higher purity and yield.

Capture antibody production. A female rabbit (Protocol 
#103/2010-CEUA, Ethics Committee on Animal Use of FMVZ, Un-
esp) was immunised with purified virus (fraction 6, band 2) at 
50μg/mL (v/v) following the immunisation method previously 
described (Johnstone & Thorpe 1996). The purification of anti-
PCV2 rabbit IgG using HiTrap® Protein G 5mL column (GE Health-
care, Buckinghamshire, United Kingdom) was performed accord-
ing to the manufacturer’s instructions. The protein concentration 
of purified IgG was 8mg/mL determined by the BCA method, and 
BSA was used as a protein standard (Smith et al. 1985).

Positive and negative reference sera. A pool of 5 samples 
collected from animals negative by IPMA was used as negative ref-
erence serum. The positive reference serum consisted of a pool of 
22 samples collected from pigs positive by IPMA. IPMA was per-
formed as previously described (Rodríguez-Arrioja et al. 2000).

Assessment of the optimal concentrations of capture an-
tibody, PCV2 Ag, and test sera. Checkerboard titrations were 
performed to define the optimal concentrations of the ELISA im-
munoreagents. The purified rabbit anti-PCV2 IgG was tested as 

capture antibody at concentrations of 20μg/mL, 10μg/mL, 5μg/
mL, 2μg/mL, and 1μg/mL. Porcine sera with high, medium, and 
low titer according to the IPMA (Rodríguez-Arrioja et al. 2000) 
were evaluated at 1:100 and 1:200 dilutions. The PCV2 Ag was 
tested at dilutions of 1:2; 1:4, and 1:6. PBST (PBS pH 7.4 with 
0.05% (v/v) Tween 20) was used as negative antigen control. 
The smallest concentration able to produce a high OD and with 
minimal noise was chosen as the concentration of use for each 
immunoreagent.

Specificity of the capture antibody. The capture antibody 
was tested against the antigens PCV2 Ag, ST Ag, and PCV1 Ag. 
Negative and positive reference sera were used in this reaction as 
test sera. The used concentrations of the capture antibody, anti-
gens and sera were previously established.

Development of double-antibody sandwich ELISA. The 
test sera and the positive and negative reference sera were di-
luted to 1:200 using a diluent solution (PBST and 10% (w/v) 
skimmed milk powder) with 10% (v/v) normal rabbit serum 
(Gibco, Grand Island, USA) in a previously blocked U-bottom mi-
croplate, named microplate dilution. The diluted sera were in-
cubated, in a humid chamber, for 18h at 4oC and subsequently at 
37oC for 1h and 45 min. A 96-well microplate (Maxisorp, Nunc, 
Waltham, USA) named reaction microplate, was coated with 
capture antibody (purified rabbit anti-PCV2 IgG, 0.005 mg/mL) 
with 0.05 M carbonate/bicarbonate buffer, pH 9.6 and incubated 
for 18h at 4oC in a humid chamber. After the adsorption step, 
the reaction microplate was blocked using the blocking solution 
(0.05 M carbonate/bicarbonate buffer pH 9.6 with 10% (w/v) 
skimmed milk powder) for 45 min at 37 ºC in humid chamber. 
Subsequently, the PCV2 Ag was prepared 1:2 with diluent solu-
tion and added to the even lanes. The negative antigen control 
(PBST) was added to the odd lanes. The reaction microplate 
was incubated for 1h at 37oC in a humid chamber. The previ-
ously diluted test and reference sera (microplate dilution) were 
transferred into the reaction microplate, in duplicate for PCV2 
Ag e antigen control (PBST), and the incubation was performed 
for 1h at 37oC in a humid chamber. After, the HRP-conjugated 
rabbit anti-porcine IgG (Sigma, Saint Louis, USA) was diluted 
1:5000 using the diluent solution and added to the wells. The 
reaction microplate was incubated for 1h at 37oC in a humid 
chamber. The enzyme substrate solution (2.5μl of 30% hydro-
gen peroxide) with the chromogen (100μL of 10mg/mL 3,3’,5,5’ 
tetramethylbenzidine) prepared with 10mL of 0.1mol/L citrate/
acetate buffer, pH 6.0 was added to each well. The reaction mi-
croplate was maintained under constant stirring for 15 min at 
room temperature. The colorimetric reaction was blocked with 
a solution of 2mol/L HCl (50 μL/well), and the OD was read at 
450nm (Multiskan EX, Labsystems, Vienna, USA). Reaction mi-
croplate washing was conducted five times (300µL/well) with 
PBST, pH 7.4 between each step of the reaction, except after the 
substrate/chromogen step. A volume of 100µL/well was used 
for the capture antibody, antigen, test sera, immunoenzymatic 
conjugate, and substrate/chromogen.

Duplicates of test sera were considered satisfactory when the 
standard deviation (SD) of the ODs was less than 0.2. The correc-
ted OD (COD) of each sample was calculated by subtracting the 
mean OD of the control antigen (PBST) from the mean OD obtai-
ned for the PCV2 Ag. The ELISA index (EI) was calculated for each 
test sera using the following formula: EI = (CODtest serum - CODnegative)/
(CODpositive - CODnegative), where COD test serum = mean COD of the test 
serum; CODnegative = mean COD of the negative reference serum; and 
CODpositive = mean COD of the positive reference serum.

Comparison of the double-antibody sandwich ELISA with 
the reference test. Serum samples from fifteen crossbred piglets 
born to sows vaccinated against PCV2 (Circovac®, Merial, Lyon, 
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France) were used in this study. The animals were housed under 
controlled conditions to obtention of piglets negative for PCV2 as 
previously described (Castro et al. 2013). Serum samples (n=105) 
were collected from animals at 7, 14, 21, 28, 35, 42, and 49 days of 
age. Subsequently, 3 piglets (n=15 sera) were monitored to che-
ck for late seroconversion at 56, 63, 70, 77, and 84 days of age. 
Therefore, a total of 120 piglet serum samples were analysed by 
double-antibody sandwich ELISA and reference test. Serum sam-
ples and nasal and faecal swabs collected from pigs were tested by 
PCR, as previously described (Castro et al. 2013), to prove that the 
piglets were negative for PCV2.

The ELISA kit Ingezim Circovirus IgG/IgM (Ingenasa, Ma-
drid, Spain) was used as a reference test for comparison with the 
double-antibody sandwich ELISA. The detection of IgG antibodies 
specific for PCV2 using the reference test was performed accor-
ding to the manufacturer’s instructions. 

Assessment of the correlation between ELISA tests. The 
ELISA developed in this study was correlated with the reference 
test using the Spearman nonparametric method, with p<0.05 re-
presenting statistical significance.

Evaluation of the repeatability of the double-antibody 
sandwich ELISA. The same test serum with the medium titer ac-

cording to the IPMA (Rodríguez-Arrioja et al. 2000) was used for 
the inter-test and intra-test analyses. This serum was tested in 11 
reactions conducted during the application of the method in the 
inter-test. The same serum was tested in 11 different wells of the 
microplate for the intra-test analysis. The means, SD, and coeffi-
cients of variation were calculated for both analyses.

RESULTS
PCV2 purification

Two bands (bands 1 and 2) were observed in the tube 
following CsCl isopycnic centrifugation. The RI of fractions 
4 and 5 (band 1) corresponded to a density ranging from 
1.269 to 1.300g/cm3 CsCl. The RI of fractions 6 and 7 (band 
2) corresponded to a density ranging from 1.330 to 1.395g/
cm3. These results are presented in Figure 1. The protein 
concentrations of each fraction were 1.643µg/mL (fraction 
4, band 1), 0.747µg/mL (fraction 5, band 1), 0.329µg/mL 
(fraction 6, band 2), and 0.284µg/mL (fraction 7, band 2) 
relative to the BSA standard.

Analysis of PCV2 purification aliquots
It was observed a strong band of approximately 66.2 

kDa, most likely to be BSA, in the aliquots of the initial 
stages of viral purification by SDS-PAGE (Fig.2A). Indirect 
ELISA revealed OD450 values smaller than 0.05 in the same 
samples, except for the concentrated virus, which had an 
OD450 value of 0.206. After the sucrose cushion, the 66.2-
kDa band in lanes 5 and 6 (Fig.2B) was weaker, and a sharp 
band of approximately 31 kDa, most likely to be the viral 
capsid protein, was observed with higher intensity by SDS-
-PAGE. The fractions collected from band 1 (Fig.2B, lanes 
7-8) after the formation of the isopycnic CsCl gradient 
produced SDS-PAGE results similar to the fractions from 
the sucrose cushion. Only the band of approximately 31 
kDa was observed by SDS-PAGE in the fractions of band 2 
(Fig.2B, lanes 9-10). All of these samples exhibited OD450 
readings greater than 1.4 in the indirect ELISA. Isometric 
structures with sizes similar to that of PCV were observed 
in greater quantity in fraction 6 (band 2) than in fraction 4 
(band 1) under TEM (Fig.2C). Therefore, fraction 6 (band 
2) was selected to produce the capture antibody.

Fig.1. PCV2 purification. Optical densities (260 and 280nm) and 
refractometry index (RI, Brix scale) of fractions collected from 
the top of the tube (fraction 1) to the bottom (fraction 10) of 
the isopycnic CsCl gradient (37% CsCl).

Fig.2. Analysis of PCV2 purification aliquots. (A) SDS-PAGE, lane 1: ST cell lysate infected with PCV2, lane 2: supernatants after clarifi-
cation, lane 3: supernatant after ultracentrifugation for virus concentration, lane 4: concentrated virus pellet. (B) SDS-PAGE, lane 
5: fractions pooled in the 1st sucrose cushion, lane 6: fractions pooled in the 2nd sucrose cushion, lane 7: Fraction 4 (band 1), lane 
8: Fraction 5 (band 1), lane 9: Fraction 6 (band 2), lane 10: Fraction 7 (band 2), lane MW: molecular mass marker (6.5 to 200 kDa). 
(C) Transmission electron microscopy of fraction 6 (band 2) from the purification of PCV2. Staining with 2% phosphotungstic acid. 
Magnification of 231,000x. Bar = 100nm.
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DISCUSSION
In the ELISA system proposed in this study, the antigen was 
captured using a specific antibody coating the microplate. 
The analytic specificity of this system depended strongly 
on the capture antibody, which was produced by rabbit im-
munisation with the purified virus. The viral stock used in 
the virus purification was prepared from the PCV2 cultiva-
ted in ST cells. To eliminate smaller proteins derived from 
the cell culture, the standardisation of the viral purification 
procedure for PCV2 with the evaluation of each step was 
essential to perform this study.

Bovine serum albumin derived from the cell culture 
was still present in the pellet of concentrated virus after 
the viral concentration step by ultracentrifugation. A 20% 
and 50% discontinuous sucrose cushion was prepared to 
separate proteins smaller than the virus. These proteins 
were more concentrated in the 20% sucrose cushion be-
cause BSA has a smaller coefficient of sedimentation (7 
S) and molecular mass (66 kDa). However, the PCV2 virus 
particles, which have a coefficient of sedimentation of 57 S 
(Allan et al. 1994) and a molecular mass of approximately 
1680 kDa (Crowther et al. 2003), reached the 50% sucrose 
cushion at a faster speed than BSA, concentrating in this 
cushion. Therefore, a strong band of 66 kDa (BSA) was ob-
served in all samples of the initial stages of viral purifica-
tion by SDS-PAGE. The 66-kDa band became weaker, and 
a greater viral concentration occurred after the sucrose 
cushion. A sharp band with less than 31 kDa was observed 
and confirmed by indirect ELISA for antigen detection as 
the capsid protein (ORF2) of PCV2, which has a molecular 
mass of 30 kDa (Nawagitgul et al. 2000). Furthermore, a 
tube containing only foetal bovine serum was also ultra-
centrifuged to work as a control in the 20% and 50% dis-
continuous sucrose cushion stage (data not shown). Opti-
cal density at 260 nm values > 2.6 and OD280 values > 4.07 
were observed in the 20% sucrose cushion fractions. The 
OD values of the 50% sucrose cushion fractions decreased: 
OD260 < 0.26 and OD280 < 0.30. The fractions from the 20% 
sucrose cushion of the foetal bovine serum tube also exhi-
bited similar OD values at 260 and 280 nm when compared 
with the tubes containing PCV2. However, the OD values 
at 260 and 280 nm of the fractions from the 50% sucrose 
cushion containing PCV2 were greater (OD260 > 2.21; OD280 
>1.60) than the foetal bovine serum tube. Thus, the separa-
tion of BSA in the fractions from the 20% sucrose cushion 
could be confirmed.

The formation of two bands in the tube occurred after 
the isopycnic CsCl gradient reached equilibrium, most like-
ly due to the presence of BSA in addition to PCV2 forming 
band 1, whereas band 2 was only formed by PCV2, accor-
ding to the SDS-PAGE results. Furthermore, the fractions 
of band 2 exhibited density values ranging from 1.330 to 
1.395g/cm3, whereas the fractions of band 1 exhibited den-
sity values ranging from 1.269 to 1.300g/cm3. The presence 
of virus in band 1 may also result from empty viral particles 
(without DNA), which exhibit slightly smaller fluctuation 
densities. These results may also indicate that the virus 
was more concentrated in the fractions of band 2, which 
is the band of true equilibrium of the virus in the isopycnic 

Fig.3. Correlation between the reference test (commercial ELISA 
kit) and double-antibody sandwich ELISA. Serum samples 
(n=120) collected from piglets housed under controlled con-
ditions to obtaining PCV2-negative animals. (A) Response ki-
netics of anti-PCV2 antibodies according to both ELISA tests. 
Reference test: mean OD (450 nm) ± standard error (SE). 
Double-antibody sandwich ELISA: mean ELISA index ± SE. (B) 
Scatterplot. Spearman correlation between both ELISA tests 
(r=0.826, p<0.001).

Specificity of the capture antibody
The capture antibody reacted only with PCV2 Ag when 

compared with the positive reference sera (mean OD450 va-
lue of 2.1). The OD450 values obtained to the other antigens 
were lower than 0.004.

Repeatability of double-antibody sandwich ELISA
The coefficient of variation (mean ± SD) of the inter-test 

with 11 replicates was 4.24% (0.826 ± 0.035). The corres-
ponding value for the intra-test analysis was 1.80% (0.868 
± 0.0156).

Correlation between the reference test and double-an-
tibody sandwich ELISA

There was no seroconversion in the piglets until the age 
of 84 days. It was observed a gradual decrease in antibo-
dies according to both ELISA tests (Fig.3A). The Spearman 
coefficient correlation assessed for both tests (r=0.826; 
p<0.001) indicated a strong linear correlation between the 
methods (Fig.3B).
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CsCl gradient, because the PCV exhibits a fluctuation densi-
ty in CsCl of approximately 1.37g/cm3 (Tischer et al. 1995).

The indirect ELISA method for antigen detection using 
polyclonal rabbit serum against PCV2 confirmed the re-
sults found by SDS-PAGE. Optical density values at 450nm 
were produced at low levels at the beginning of viral pu-
rification because those samples were not fully purified, 
given the presence of other proteins derived from cell cul-
ture in greater amounts. Thus, with the occurrence of viral 
purification process, OD values at 450 nm greater than 1.4 
were found by indirect ELISA. Finally, isometric particles 
morphologically similar to PCV were observed in fraction 
6 (band 2) in greater quantity than in fraction 4 (band 1) 
under TEM, confirming the purification of PCV2.

The immunisation of the rabbit for capture antibody 
production was performed using fraction 6 (band 2) after 
preparing the purified virus. The specificity of the capture 
antibody was confirmed by the OD450 value (>2.1) obser-
ved for the PCV2 Ag. The values for the other antigens (ST 
Ag and PCV1 Ag) were smaller than 0.004. Thus, these re-
sults also confirm the specificity of the capture antibody 
produced.

The results from the evaluation of the repeatability of 
double-antibody sandwich ELISA revealed that the test was 
reproducible. This great repeatability may result from the 
optimisation of the method and the stability of the viral an-
tigen prepared from cell culture because the viral particles 
of PCV2, which is a non-enveloped virus, are quite resistant 
to the conditions of the environment. In comparison with 
recombinant antigens, an indirect ELISA was developed for 
the detection of antibodies against PCV2 using an antige-
nic domain of ORF2 expressed in Escherichia coli (Sun et 
al. 2010). The authors reported lower stability for the re-
combinant proteins produced, which affected the inter-test 
repeatability, producing a higher coefficient of variation. 
Furthermore, intact viral particles exhibit a perfect struc-
ture, whereas recombinant proteins are not always fully 
refolded, hampering antibody recognition against these 
proteins (Huang et al. 2011). Furthermore, the number of 
epitopes available to react with the antibodies in the test 
sera may be much higher than those found in recombinant 
proteins (Crowther 1995b). The total antibodies quanti-
fied using ELISA systems based on intact virus may likely 
be more correlated with protection against viral infection 
when compared with the total antibodies detected by im-
munoenzymatic assays produced with recombinant pro-
teins because of these structural characteristics. The bonds 
formed in the antigen-antibody complex may exhibit gre-
ater affinity and stability than bonds that occur against a 
short peptide in the case of intact virus used in the ELISA 
system (Sun et al. 2010). Thus, the stability and structural 
conformation characteristics of the antigen produced in 
cell culture favoured the great repeatability of the ELISA 
method developed in this study.

The low viral yield is a disadvantage of working with 
cell culture antigens compared with the use of recombinant 
proteins, especially for the preparation of a high-quality an-
tigen (Nawagitgul et al. 2002, Spencer et al. 2007). The use 
of purified virus only for the production of capture antibody 

reduced the amount of reagent required for the develop-
ment of the method. The capture antibody was highly spe-
cific for PCV2, which reinforces the optimal characteristic of 
PCV2 antigen stability. Moreover, the difficulty of isolating 
and maintaining PCV2 in growth remains a problem faced 
by many laboratories. However, the preparation of ST cells 
persistently infected with PCV2b (Cruz & Araujo Jr 2014) 
enabled the development of the ELISA method presented 
in this study. Here, the ST cell cultures persistently infected 
with PCV2b were adapted to cell culture medium without se-
rum, continuously providing cell supernatant with approxi-
mately 108 DNA copies of PCV/mL by quantitative PCR (data 
not shown). This supernatant was used in double-antibody 
sandwich ELISA as the viral antigen. Several serum samples 
(n = 481) from piglets and sows from Brazilian commercial 
farms vaccinated against PCV2 were tested using the ELI-
SA method. Satisfactory repeatability results (coefficient 
of variation, mean ± SD) for the inter-test (3.95%; 0.859 ± 
0.034) and intra-test (1.79%; 0.903±0.016) analyses were 
also found with this antigen (data not shown).

A cut-off point was not defined for the ELISA method 
developed in this study because the detection of antibodies 
had no diagnostic value for PCVD. However, the discrimi-
nation ability of the test to detect antibodies in samples 
with high or low amounts of anti-PCV2 antibodies was 
very important. Therefore, the double-antibody sandwich 
ELISA was correlated with a commercial ELISA kit used as 
reference test. It was observed a decline in the levels of ma-
ternally derived antibodies from 7 to 84 days as detected 
by both tests. Besides, a strong linear correlation was ob-
served between the ELISA tests. In this study, IPMA was not 
used as reference test because the IPMA (Liu et al. 2004) 
and IIF (Nawagitgul et al. 2002) might result in a conside-
rable number of false positives due to the low dilution of 
serum samples in comparison with ELISA. In addition, di-
fferent epitopes can be recognized by ELISA, IPMA and IIF. 
The antigens for IIF and IPMA were fixed cells, while the 
ELISA antigens were soluble. Thus, both types of antigens 
contain shared and distinct epitopes which will be recogni-
zed by different antibodies (Nawagitgul et al. 2002).

CONCLUSIONS
The standardisation of a traditional method of viral pu-

rification and the use of viral antigen prepared from cell 
cultures were presented in this study as alternative to the 
viral antigen production.

The use of these methods may be extended to other 
members of the family Circoviridae and also for the produc-
tion of polyclonal or monoclonal antibodies.

Currently, this ELISA is being applied in studies of expe-
rimental and natural infection, and in monitoring the res-
ponse to vaccination on commercial farms.
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