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Abstract

[ Objectives ] This study was conducted to find a convenient and reliable method for detecting the virus titer of porcine circovirus type 2 ( PCV2).

[ Methods ] The reaction conditions of the immunoperoxidase monolayer assay (IPMA) method for detecting the viral titer of PCV2 were optimized, and the results

were compared with those obtained by indirect immunofluorescence assay (IFA). [ Results] PCV2-infected cells exhibited brownish-red staining in either the nu-
cleus or cytoplasm when detected by IPMA, and the detection results were largely consistent with IFA detection. [ Conclusions] Both [IPMA and [FA methods can
be effectively used for determination of PCV2 viral titer, providing reliable support for assessing viral content during PCV2 vaccine development and validating virus

inactivation efficacy.
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Porcine circovirus (PCV) is one of the smallest viruses a-
mong animal viruses and belongs to circovirus of Circoviridae'"" .
Based on genomic sequence analysis, PCV can be classified into
four genotypes: PCV1, PCV2, PCV3, and PCV4"'.

these, PCV2 is the primary pathogen responsible for porcine circo-
[3]

Among
virus disease PCV2 is pathogenic to pigs but does not cause
cytopathic effect. After infecting host cells, the virus is mainly
dispersed in the nucleus and cytoplasm™’.

PCV2 has a wide prevalence and high incidence rate, and
pigs of all breeds are susceptible to it. Clinically, it is often found
in co-infections with other pathogens such as porcine reproductive
and respiratory syndrome virus, classical swine fever virus, pseud-
orabies virus, porcine epidemic diarrhea virus, congenital trem-
ors, fetal myocarditis, and enteritis” ™', leading to exacerbated
clinical symptoms. Since its outbreak in Canadian pig herds in
1991, the disease has caused significant economic losses to the
global pig farming enterprises.

Vaccination is currently the most effective means of preven-
ting and controlling porcine circovirus disease. Effective immuni-
zation helps pigs resist the virus, reduces viremia, and shortens
the time of carrying virus'"’.

Before vaccine preparation, the viral titer must be deter-
mined, and the inactivation efficacy must be verified after virus
inactivation. However, since PCV2 infection does not produce
CPE in cells, this complicates both viral titer determination and
inactivation verification. PK15 cells are the optimal cell line for
culturing PCV2. Although PCV2 infection in PK15 cells does not
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cause CPE, it leads to the formation of numerous inclusion bodies

"), Currently, the primary method for quantif-

in the cytoplasm''
ying PCV2 viral content is indirect immunofluorescence assay
(IFA). Previously, our laboratory mainly used IFA to measure
PCV2 viral content. In this study, to explore one or more alterna-
tive detection methods, the immunoperoxidase monolayer assay
(IPMA) and IFA for determination of PCV2 viral titer were com-
pared, hoping to identify a more suitable detection method for
PCV2 detection. This method can also be applied to vaccine anti-
body level detection and epidemiological investigations.

Materials and Methods

Experimental materials
Virus and cells The PCV2 strain and PK15 cells were preserved
by the Key Laboratory of Binzhou Institute of Animal Husbandry
and Veterinary Science, Shandong Province.

Major reagents and instruments PCV2 monoclonal antibody
was provided by Shandong Landu Biotechnology Co. , Ltd. Fluo-
rescein isothiocyanate ( FITC)-labeled goat anti-mouse IgG was
purchased from Beijing Boyotod Technology Co. , Ltd. Horserad-
ish peroxidase (HRP)-labeled goat anti-mouse secondary antibody
was purchased from Wuhan Boster Biological Technology Co. ,
Ltd. AEC (3-amino-9-ethylcarbazole) was from Sigma, while oth-
er chemical reagents were domestic analytical pure, including
AEC color developing solution (AEC 10 mg, dimethylformamide
1.25 ml, 0.05 M sodium acetate 25 ml, 30% H,0, 3.75 ml).
The inverted fluorescence microscopes and CO, incubators ( MCO-
18AC) used in this study were purchased from Jinan Qingyuan
Medical Equipment Co., Ltd. The binocular biological micro-
scopes ( XSB-102B) used were acquired from Weifang Longtai
Medical Equipment Co. , Ltd.
Methods

Subculture of PK15 cells

37 °C constant-temperature incubator for continued culture. Cell

The revived cells were placed in a
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growth was observed daily under a microscope. When the cells
formed a dense monolayer after 48 h, the culture medium was dis-
carded, and the cell layer was gently washed twice with PBS. An
appropriate amount of 0. 25% trypsin was added for digestion. Un-
der microscopic observation, once the cells became slightly round-
ed and gaps appeared between them, the trypsin solution was re-
moved. DMEM supplemented with 7% newborn calf serum was
added, and the cells were gently pipetted to prepare a cell suspen-
sion. The cells were then subcultured at a 1 : 3 ratio.

IPMA Method

Preparation of IPMA reaction plates A freshly prepared PK15
cell suspension was used to serially dilute the PCV2 virus solution
at ratios of 10, 10>, 10°, 10*, 10°, and 10°. The diluted virus
was then inoculated into a 96-well cell culture plate, with eight
wells per dilution and 0. 1 ml per well. The plate was incubated at
37 C with 5% CO, for 24 h. After discarding the growth medium,
a maintenance medium was added, and the cells were cultured for
an additional 48 h. Control wells containing uninfected PK15 cells
were also prepared.

IPMA staining procedure The cell culture medium in the 96-
well plate prepared in " Preparation of IPMA reaction plates" was
discarded, and the cells were gently washed three times with PBS
(pH7.2-7.4). Each well was fixed with 50 wl of fixative for
30 min. After removing the fixative and allowing the plate to stand
for 2 min, the cells were washed three times with PBS (pH 7.2 -
7.4). A blocking buffer (50 pl/well) was added, and the plate
was incubated at room temperature for 1 h. The blocking buffer
was discarded, and 50 pl of PCV2 monoclonal antibody ( diluted
at 1 : 300 with blocking buffer) was added to each well, followed
by incubation at room temperature for 1 h. The primary antibody
was removed, and the cells were washed three times with PBS
(pH7.2-7.4). Horseradish peroxidase (HRP)-labeled goat an-
ti-mouse secondary antibody (50 pl/well) was added, and the
plate was incubated at room temperature for 1 h. The secondary
antibody was discarded, and the cells were washed three times
with PBS (pH 7.2 -=7.4). The AEC color developing solution
(50 wl/well) was added and incubated at room temperature until
color development (incubation at 37 “C could accelerate the reac-
tion). The results were observed under an inverted microscope.
Result interpretation: In case of positive reaction, cells exhibited
brown-red staining in the cytoplasm and nucleus, while no staining
was observed in control cells.
Selection of optimal fixative Three IPMA reaction plates were
prepared as described above. Different fixatives, including 80%
cold acetone (4 °C, 30 min), cold methanol (4 °C, 30 min),
and cold methanol : acetone (1 :1) (4 °C, 30 min), were test-
ed, respectively. After fixation, the plates were stained following
the standard TPMA procedure. The optimal fixative was selected
based on the results of staining.

Selection of optimal blocking buffer Two IPMA reaction plates
were prepared as described, fixed with the optimal fixative, and
blocked with following buffers: PBS containing 5% newborn calf

serum, and PBS containing 10% calf serum, 0.05% thimerosal ,
0.5% Tween, and 3% sucrose. A control without blocking buffer
was also set. The optimal blocking buffer was selected based on
the results of staining.

Determination of optimal primary antibody dilution Three
IPMA reaction plates were prepared according to the aforemen-
tioned protocol. Following fixation with the optimal fixative and
blocking with the optimal blocking buffer, the plates were incuba-
ted with primary antibody at serial dilutions of 1 : 50, 1 : 100,
1 :150, and 1 : 200. The standard IPMA staining procedure was
then performed. The optimal antibody dilution was determined
based on comparative analysis of the staining results.
Determination of optimal secondary antibody dilution Ac-
cording to the manufacturer’s instructions, the recommended dilu-
tion range for the secondary antibody was from 1 : 500 to 1 :
1 000. In this experiment, dilutions of 1 : 500, 1 : 800 and 1 :
1 000 were tested, and the optimal dilution was selected based on
the results of staining.

Comparative application of IPMA and IFA methods Ten 96-
well plates were prepared following the method described in sec-
tion " Preparation of IPMA reaction plates" . Five batches of PCV2
samples (20230701, 20230708, 20230722, 20230802, and
20230820) were randomly selected and analyzed for viral content
using both IPMA and IFA detection methods. The correlation be-
tween these two analytical approaches was systematically evaluated

based on the comparative detection results.

Results and Analysis
Proliferation culture results of PCV2 in PK15 Cells

After 72 h of culturing PCV2 in PKI5 cells, no cytopathic
effect (CPE) was observed. However, compared with the cells of
the blank control, the PCV2-infected cells exhibited slightly poo-
rer cell conditions with reduced brightness. TPMA detection re-
vealed the presence of reddish-brown granules in PCV2-infected
PK15 cells, while no such granules were observed in the control
cells (Fig. 1). Using the established TFA method for identifica-
tion, bright green fluorescence was detected in PCV2-infected
PK15 cells, whereas no fluorescence was observed in the control
cells (Fig. 2).
Selection of optimal fixative

The results of IPMA staining using different fixatives demon-
strated that fixation with 80% cold acetone at 4 “C for 30 min yiel-
ded optimal results, showing the deepest staining intensity in posi-
tive cells.
Selection of optimal blocking buffer

During the blocking step, two different blocking buffers were
compared by 1 h of blocking treatment, while a control group with-
out the addition of blocking buffer was also conducted. TPMA stai-
ning results demonstrated that the PBS containing 10% calf ser-
um, 0.05% thimerosal, 0.5% Tween, and 3% sucrose provided
optimal blocking performance, yielding intense staining of positive

cells and a slightly higher measured titer for the same sample. In
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contrast, the control group without the addition of blocking buffer

showed faint positive-cell staining, bright background coloration,

and lower viral titer.

A. PKI15 cells infected by PCV2; B. PKI5 cells.
Fig. 1 Detection of PCV2 by IPMA method

A. PKI15 cells infected by PCV2; B. PKI15 cells.
Fig. 2 Detection of PCV2 by IFA method

Determination of optimal monoclonal antibody dilution

The results of IPMA staining showed that the optimal dilution
ratio of PCV2 monoclonal antibody was 1 : 100.
Determination of optimal secondary antibody dilution

The results of IPMA staining showed that the optimal dilution
ratio of HRP-labeled goat anti-mouse secondary antibody was
1 :1000.
Comparative evaluation of IPMA and IFA methods

The virus contents of five samples were measured by both
methods, and the results showed high consistency, as shown in
Table 1. Visual staining results also demonstrated excellent corre-

spondence (Fig. 3 -Fig. 4).

Table 1 Results of virus content detection in PCV2 samples by IPMA
and IFA methods

Sample No. Detection method Virus content // LogTCIDs,/ml
20180701 IPMA 7.250
IFA 7.250
20180708 IPMA 7.375
IFA 7.375
20180722 IPMA 7.000
IFA 7.125
20180802 IPMA 6.875
IFA 7.000
20180820 IPMA 7.125
IFA 7.125

A. 10 times dilution; B. 107 times dilution; C. 10* times dilution; D. 10* times dilution; E. 10° times dilution; F. 10° times dilution; G. cell control.

Fig. 3 TCID;, determination of PCV2 by IPMA method

Conclusions and Discussion

Porcine circovirus disease remains one of the most prevalent
diseases threatening the swine industry, which has caused signifi-
cant economic losses due to its widespread prevalence. In the pre-
vention and control of this disease, vaccine preparation and quality
testing are particularly critical, making the development of suitable

and accurate detection methods for viral quantification and vaccine
inactivation validation necessary. The indirect immunofluorescence
assay (IFA), which combines antigen-antibody specificity with
fluorescent antibody techniques, is widely used for PCV2 antigen
and antibody detection due to its operational simplicity and high
specificity. Cui et al. '’ established an IFA method for PCV2
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using PCV2-specific antibodies. Meanwhile, real-time quantitative
PCR detects PCV2 genomic copy numbers at the nucleic acid lev-
el, while direct immunofluorescence qualitatively assesses Cap
protein expression in infected cells, followed by viral titer calcula-
tion using the Reed-Muench method™’. Lin et al. ™™ developed
an indirect ELISA method based on prokaryotically-expressed Cap
protein for epidemiological detection of porcine circovirus disease.
Xu et al. "’

ic-expressed Cap protein to detect PCV2 antibody.
1.1

established a sandwich ELISA method using eukaryot-
Walker
el a introduced a competitive ELISA method for large-scale
serological screening of PCV2 antibody. Tang et al. "'’ employed
immunohistochemistry to map PCV2 distribution in swine tissues,

identifying positive signals in cardiac, hepatic, lymph node, and

tonsil tissues. While numerous reports exist on PCV2 antigen/ anti-
body detection, few describe IPMA for detection of PCV2 content.
IPMA conjugates enzymes with antibodies (or antigens), and the
labeled antibody (or antigen) molecules retain both immunological
activity of binding to corresponding antibodies (or antigens) and
enzymatic activity. The enzyme-labeled antibodies bind to antigens
to form an enzyme-labeled antibody-antigen complex. The enzyme
on the complex catalyzes substrate decomposition when encounte-
ring corresponding substrate, oxidizing hydrogen donors to produce
colored substances'™ . The study by Gao et al. " demonstrated
that the IPMA detection method of PCV2 exhibits excellent sensitivi-
ty and specificity, meeting the requirements for epidemiological in-
vestigations, clinical testing, and vaccine antibody level monitoring.

A. 10 times dilution; B. 107 times dilution; C. 10? times dilution; D. 10* times dilution; E. 10° times dilution; F. 10° times dilution; G. uninfected cells.

Fig. 4 TCIDs, determination of PCV2 by IFA method

The selection of fixative is crucial in immunocytochemical
staining as fixation quality directly affects detection results. Effec-
tive fixation should preserve the natural morphology and activity of
target antigens in cells to maintain the accessibility of labeled anti-
bodies to antigens'"”'. Appropriate fixation methods must be select-
ed according to to-be-detected samples and selected cells. In this
study, pre-chilled 80% acetone was adopted for fixation at 4 °C for
30 min, which achieved good results with transparent and clear cell
morphology while avoiding corrosion to cell culture plates.

The operational procedures of both IPMA and IFA detection
methods are essentially identical, with the only difference being
their respective color developing systems. IPMA utilizes AEC for
color development, which can be observed under an inverted mi-
croscope, where PCV2-infected positive cells appear reddish-
brown while control cells remain unstained. In contrast, IFA re-
quires fluorescence microscopy for result observation, where the
excitation of green fluorescent protein carried by secondary
antibodies emits green light for determining positivity or negativity.
When observing fluorescence staining results under a fluorescence
microscope, each observation should preferably not exceed 2 h, as

prolonged continuous use may cause decreased brightness of the ul-
tra-high pressure mercury lamp and weakened fluorescence intensi-

[20]
ty

prolonged viewing may cause eye fatigue, potentially leading inex-

. IFA staining results require observation in a darkroom, and

perienced observers to misinterpret green impurities ( non-specific
staining) as positive signals, thus introducing errors. Therefore,
the interpretation of IFA results demands experienced observers to
minimize potential error.

The results of this study demonstrate that both IPMA and IFA
methods can be effectively used for PCV2 titer determination.
Compared with IFA, TPMA has lower experimental requirements,
needing only a standard inverted microscope for observation with
easily interpretable results, making it feasible for most laboratories
while being more cost-effective. However, IPMA also has certain
limitations, as inexperienced operators may occasionally misinterpret
results. In conclusion, when using either method for detecting the
content of PCV2 antigen, it is advisable to let experienced experi-
menters operate to minimize non-specific staining and ensure accu-
rate results.

( Continued on page 43)
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