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3. METHODS

6. CONCLUSIONS2. AIM OF THE STUDY

• PK-15 cells (PCV-1 infected) were cultured under optimized growth conditions for PCV-1 propagation.
• Collected PCV was concentrated and purified by ultracentrifugation on CsCL gradient to enrich viral particles concentration, reduce host 

genomic DNA, and to eliminate the PERV contamination.
• LLC-PK1 is a widely used porcine kidney epithelial cell line that exhibits polarized growth and tight junction formation, making it an 

excellent in vitro model host–pathogen interactions.
• IBRS-2 is a porcine kidney epithelial cell line widely used in virology research as an in vitro model to study swine viral infections.
• Both cell line are PCV- free which make them ideal for PCV infectivity titration.

4. RESULTS

7. REFERENCES

5. FUTURE PERSPECTIVES

1. Establish a robust workflow to produce a high-titer, 
PERV-free, well characterized PCV-1 reference material 
for viral safety applications.

2. Identify PCV-free, permissive porcine kidney epithelial 
cell lines suitable for reliable infectivity assays.

3. Develop a qPCR-assisted TCID₅₀ platform for rapid and 
accurate infectious titer determination.

4. Validate the genetic integrity and quantitative properties 
of the reference material using ddPCR and Illumina next-
generation sequencing (NGS).
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1. An optimized PCV-1 production workflow was established, consistently yielding high-titer virus preparations (~10¹⁰ genome copies/mL).

2. An improved CsCl ultracentrifugation protocol generated highly purified PCV-1 preparations with no PERV contamination and substantially reduced host genomic DNA contamination.

3. IBRS-2 and LLC-PK1 cells were identified as PCV-free, permissive cell lines suitable for infectious PCV-1 titration. 

4. A qPCR-assisted TCID₅₀ assay was developed, enabling accurate and reproducible infectivity quantification in the absence of cytopathic effects (CPE).

5. Together, these advances provide a well-characterized, high-titer, purified PCV-1 reference material and robust analytical tools to support viral safety testing and the qualification of next-

generation molecular adventitious agent detection assays.

• PCV-1 samples were serially diluted then used to infect IBRS-
2 and LLC-PK1 cells.

• After two hours incubation (for binding) media was replenished 
with fresh virus-free media.

• Baseline samples were collected immediately and stored in 
freezer for qPCR analysis later.

• The plate was then incubated for 5 days.
• Supernatant samples were collected and analyzed by qPCR.
• Ct values were compared between baseline and post-

incubation samples to identify positive and negative wells.
• TCID50 values were calculated.

Sample Virus DNA 
(copies/mL)

Host Cell DNA 
(copies/mL)

Infectious titer 
(TCID50/mL)

PCV-1 (WHO Adventitious 
Agents standard) 8.1E+09 9.81E+03 2.3E+06

PCV-1 (Microbiologics) 9.2E+11 6.13E+03 5.62E+07

PCV reached ~1010 GCN/mL under all growth conditions 

• CsCl density-gradient ultracentrifugation produced a highly 
concentrated and purified PCV-1 preparation. 

• Host-cell DNA contamination was markedly reduced during the 
purification process. 

• PCV-1 was successfully separated from PERV contamination

• IBRS-2 cells are highly permissive for PCV-1 infectivity titration. 
• A decrease in post-incubation Ct values confirmed productive PCV-1 

replication and enabled qPCR-assisted TCID₅₀ determination. 
• LLC-PK1 cells produced comparable results (data not shown). 
• IBRS-2 was chosen as the preferred indicator cell line due to its rapid 

growth

Robust Adventitious Agent Detection is Essential to Ensure Safe Therapies

Recent Regulatory Shift from Animal Studies to Modern Molecular Approaches

Porcine Circovirus (PCV): An Ideal Model for Viral Safety Studies
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Limitations Hinder the Availability of a Reliable  Well-Characterized PCV Reference

• Baltimore Group 2 ssDNA virus model for 
adventitious virus detection in biological 
products by HTS.

• Highly resistant to inactivation and 
challenges bioprocess removal.

• Ideal model for virus clearance studies.

Requires well-characterized viral standards to develop and validate regulatory-compliant assays
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Impact of Nutritional Stress on Virus Replication

Most of the viral genome are protected within intact capsids, as 
demonstrated by DNase resistance.

Intact Virions Quantification

Infectivity Titration in IBRS-2 and LLC-PK1

Purified DNA
control

(g-block)

Crude PCV

qPCR-assisted TCID50:  Data in the table are qPCR Ct Values by Well 

Post-incubation Ct value decreased by >1.5 cycles relative to baseline (pre-incubation) CT.

Post-incubation Ct does not decrease by more than 1.5 cycles relative to the baseline (pre-incubation)

Concentration and Purification on gradient CsCL

Characterization of Purified PCV-1

• High virus genome content (11-Fold higher that WHO standard)
• Lower host cell genome
• Higher infectious titer

Dilution
(10-Fold)

Replicate 1 Replicate 2 Replicate 3 Replicate 4

Baseline 
Post 

Incubation Baseline 
Post 

Incubation Baseline 
Post 

Incubation Baseline 
Post 

Incubation
1.00E-03 27.238 19.774 27.393 19.337 27.43 17.49 27.085 19.738
1.00E-04 29.963 23.49 31.115 23.533 UD 22.504 29.566 24.222
1.00E-05 34.83 25.482 36.175 26.628 37.695 26.836 37.016 27.384
1.00E-06 UD 36.086 UD 35.881 42.598 31.609 UD 35.717
1.00E-07 UD UD UD UD UD 43.792 UD UD

Titer 
(TCID50/mL) 2.62E+07

Classification Pre-ultra spin Post-ultra spin
% Coverage % of all reads % coverage % of all reads

Circovirus 100% 11.77% 100% 96.96%
Other N/A 88.23% N/A 3.04%

Whole-Genome Sequencing by NGS

• Compare our PCV-1 standard with the WHO PCV-1 standard in a viral safety spike-in control virus clearance study.

B. Sample collection and 
DNA extraction.

D. Next-generation sequencing E. Data analysis to identify the 
presence of spiked EBV.

A. Spike in purified PCV-1 
to cell culture.

C. Prepare DNA library for 
sequencing 
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Ultracentrifugation
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the host genomic DNA)
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Use two PCV-free and permissive cell lines
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PCV-free

Virus Propagation Workflow Infectivity Titration by qPCR-assisted TCID50
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• The proportion of PCV-1 sequencing reads increased from 
11.77% before ultracentrifugation to 96.96% after 
ultracentrifugation, demonstrating substantial enrichment of 
the target virus.

• Porcine Endogenous Retrovirus (PERV) was detected by a 
small population of classified reads (0.003%) in the analysis 
of crude material but were not detected in the corresponding 
purified material
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