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ABSTRACT

	 This study aimed to cultivate PK-15 cells under serum-deprived conditions 
and subsequently adapt a field-isolated PCV2b genotype in these adapted cells to 
investigate both cellular and viral changes. PK-15 cells were grown in three different 
serum-supplemented media: 0%, 2%, and 10%. The cells adapted to these varying 
serum conditions were then infected with genotyped field PCV2b and propagated 
for up to three blind passages. Haematoxylin and eosin (H&E) staining of PK-15 
cells grown in 0% and 2% serum-supplemented media, with and without PCV2b 
infection, revealed cytoplasmic granularity compared to cells grown in 10% serum. 
MTT assay results indicated that PCV2b infection had minimal impact on cell 
viability, suggesting efficient viral propagation in serum-deprived conditions with 
minimal cytopathic effects. PCR analysis of cell lysates from all three 0%, 2%, and 
10% serum conditions confirmed the presence of the PCV2b genome, demonstrating 
its adaptability grown to PK-15 cells under serum-deprived conditions. Molecular 
analysis of the major epidemiological marker gene, ORF2, from PCV2b grown in 
both 0% and 10% serum conditions showed identical nucleotide (702 bp) and amino 
acid (234 aa) compositions. This study highlights the feasibility of growing PK-15 
cells under serum-deprived conditions and the adaptability of PCV2b in these cells. 
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INTRODUCTION

	 Porcine circovirus (PCV) was first 
identified as a non-cytopathic contaminant 
in the PK15 continuous cell line by Tischer 
et al., (1982). To date, four species of PCV 
have been documented globally: PCV1, 
PCV2, PCV3, and PCV4 (Maity et al., 
2023). Among these, PCV-2 is the small 
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aims to adapt and propagate PCV2 in PK-
15 cells under serum-deprived conditions to 
explore its adaptability and growth. Further, 
the study focuses on analyzing any changes 
in the host cell response as well as alterations 
in the viral genome. Understanding the 
viral growth under these conditions will 
provide critical insights into its adaptation 
mechanisms and potential implications for 
future vaccine and therapeutic development.

MATERIALS AND METHODS

	 PCV2 is generally considered 
non-cytopathic in nature replicates slowly 
and does not cause visible damage to 
PK-15, allowing infected cells to remain 
viable. Additionally, it subtly modulates 
host pathways without triggering strong 
apoptotic or inflammatory responses in 
vitro, resulting in minimal or no cytopathic 
effects. PK-15 cells were cultivated in 
growth media supplemented with three 
different serum levels: 0%, 2%, and 10%.  
To avoid possibility of PCVs contamination 
from commercial swine origin trypsin an 
recombinant enzyme TrypLE™ Express 
(Gibco by Life Technologies, Thermo 
Fisher Scientific, USA, Cat No: 12605010) 
were used for dissociating adherent PK-
15 cells used in this study. After three 
consecutive subcultures, the PK-15 cells 
adapted to each serum condition were 
infected with a genotyped field strain of 
PCV2b at a multiplicity of infection (MOI) 
of 0.1, with viral titer of 106 TCID50/ml. 
The virus was propagated through three 
blind passages under each growth condition 
(Farnham et al., 2003). Both 0 and 10 % 
serum supplemented   PCV2b uninfected 
and infected PK-15 cells were monitored for 
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non-enveloped, non-cytopathic globally 
reported emerging viral pathogen in swine 
responsible for the post weaning multi-
systemic wasting syndrome (PMWS), 
porcine circovirus associated diseases 
(PCVAD) including reproductive failure, 
porcine respiratory disease complex, porcine 
dermatitis and nephropathy syndrome, 
proliferative necrotizing pneumonia, and 
congenital tremor (CT) resulting in huge 
economic loss in swine production (Xu 
et al., 2022). Indian swine husbandry also 
documented positivity of PCV2 associated 
multiple clinical and sub-clinical infections 
with multiple genotypes (Parthiban et al., 
2022; D’silva et al., 2023).

	 The isolation and characterization 
of PCV2 associated with clinical infections 
in various regions are essential for the 
development of effective vaccines and 
diagnostic tools. The porcine kidney (PK-
15) cell line has been widely utilized for 
PCV2 virus isolation, diagnostic purposes, 
vaccine development, and antiviral studies. 
Due to the non-cytopathic nature of PCV2, 
the indirect immunofluorescence assay 
(IFA) is commonly employed for confirming 
viral replication and determining virus titers 
(Allan and Ellis 2000). Fetal bovine serum 
(FBS) used in cell culture systems may be 
contaminated with mycoplasma and non-
cytopathic (ncp) viruses, which are often 
difficult to detect. These contaminants 
can cause silent infections in cell cultures, 
potentially compromising research and 
diagnostic outcomes (Pecora et al., 2020). 
Therefore, developing alternative virus 
adaptation approaches with minimal growth 
supplementation is a critical need. This study 
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PK-15 cells grown in 0% and 2% serum-
supplemented media, both with and without 
PCV2b infection, revealed cytoplasmic 
granularity compared to PK-15 cells 
cultured with 10% serum supplementation 
(Figure 1). Serum is an essential component 
of cell culture media; however, reducing 
or eliminating serum is often desirable 
to lower costs. H&E staining revealed 
cytoplasmic granularity in PK-15 cells 
grown under 0% and 2% serum conditions, 
both with and without PCV2b infection, 
compared to those cultured with 10% serum 
supplementation. This observation suggests 
that serum deprivation induces cellular 
stress, potentially affecting cell morphology 
and metabolism. The granularity observed 
in the cytoplasm may be attributed to altered 
protein synthesis, accumulation of stress 
granules, or changes in organelle structure 
due to reduced serum availability (White 
et al., 2020). Despite these morphological 
differences, the absence of significant 
cytopathic effects in PCV2b-infected 
cells indicates that viral replication occurs 
efficiently without severely compromising 
cell integrity. Real-time PCR–based 
quantification confirmed virus propagation 
in both 0% and 10% serum-supplemented 
conditions, with Ct values decreasing two 
fold and four fold, respectively. Although 
in situ confirmation of virus propagation by 
immunofluorescence assay would be ideal, 
this study relied on real-time PCR–based 
analysis. This finding suggests that PK-15 
cells can adapt to serum-deprived conditions 
while supporting PCV2b propagation. 

	 Whereas, Hosono et al. (2019) 
demonstrated that continuous Porcine 

cytopathic changes such as cell rounding, 
clumping, detachment, inclusions, cell 
shrinkage and cell death in both unstained 
preparations and haematoxylin and eosin 
(H&E) stained cells (Fischer et al., 2008). 
Furthermore, cell viability in PCV2b-
infected PK-15 cells grown under serum-
deprived conditions was evaluated using 
the MTT assay to assess cell viability, 
proliferation, and cytotoxicity (Kumar et al., 
2018). Further real time based quantification 
done to confirm virus propagation in both  0 
and 10% serum  supplemented conditions.
Molecular confirmation and sequence 
analysis of the major epidemiological 
marker gene (ORF2) of PCV2

	 DNA was extracted from Passage 3 
PCV2b-infected PK-15 cells grown under 
each serum condition (0%, 2%, and 10% 
serum supplementation). The extracted DNA 
was subjected to molecular detection and 
confirmation of PCV2b using ORF2 gene-
specific PCR, which amplifies an 802bp 
fragment of the epidemiological marker 
gene of PCV2. The resulting amplicons 
were sequenced and analyzed at both the 
nucleotide and amino acid levels to assess 
genetic diversity within the PCV2 genome 
(Parthiban et al., 2022).

RESULTS AND DISCUSSION

	 PK-15 cells were able to grow 
in serum-supplemented media, with 
adaptability and monolayer formation 
occurring in 5 days, 4 days, and 3 days under 
0%, 2%, and 10% serum-supplemented 
conditions, respectively, with minimal 
morphological alterations. H&E staining of 
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Kidney non-serum (CPK-NS) cell line has 
been shown to grow in serum-free culture 
medium. A single passage of cells infected 
with PCV2 at a concentration of ≥104.5 
TCID50/ml evidenced clear cytopathic effects 
(CPE) making it detection and titration easier.  
MTT assay results showed that the viability 
of uninfected PK-15 cells grown in 0%, 2%, 
and 10% serum-supplemented media was 
90.44%, 94.86% and 99.47%, respectively. 
In PCV2b-infected PK-15 cells, viability 
was slightly reduced, with 88.25% in 0% 
serum and 94.66% in 2% serum conditions, 
compared to 99.27% in cells grown with 
10% serum supplementation. These 
findings indicate that serum deprivation 
has minimal impact on cellular response 
and viability upon PCV2b infection. This 
aligns with previous reports that PCV2 is 
non-cytopathic in PK-15 cells and does not 
induce significant morphological changes 
(Segalés, 2012). Furthermore, the minimal 
difference in cell viability across different 
serum concentrations suggests that PCV2b 
infection does not significantly affect 
cellular metabolism or survival in a serum-
deprived environment. However since it’s 
a preliminary study, this study needs to be 
extended for more passages with prevalent 
PCV2 genotypes.

	 Cell lysates from all three passages 
of PK-15 cells grown in 0%, 2% and 10% 
serum-supplemented media with PCV2b 
infection tested positive for the PCV2b 
genome, as confirmed by a specific PCR 
amplicon of 802 bp (Figure 2). This 
indicates the successful adaptation of 
PCV2b in PK-15 cells under serum-
deprived conditions. Sequence analysis of 
the major epidemiological marker gene, 
ORF2, from PCV2b grown in both 0% and 
10% serum conditions revealed identical 
nucleotide sequences (702bp) and amino 
acid compositions (234 aa) (Figure 3). 
Furthermore, molecular detection of PCV2b 
up to passage 3 in 0% and 10% serum 
conditions showed consistent positive 
results, confirming the virus’s adaptability 
to serum-deprived conditions. The detection 
of the PCV2b genome across all passages in 
PK-15 cells under serum-deprived conditions 
confirms its ability to adapt and replicate 
efficiently in lower serum concentrations. 
Serum reduction does not drive significant 
mutations or alter viral genome. 
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Fig.1. Cytopathic changes of PCV2 grown in serum deprived PK-15 cells

A.PK-15 grown with 0% serum               
uninfected revealed s(40x), 
unstained                                   

B.PK-15 grown with  0% 
serum infected with PCV2b-P3 
revealed no cytopathic changes 
(40x), Unstained

C.PK-15 grown with 0% 
serum uninfected revealed 
cytoplasmic granularity (40x), 
H & E stained                                   

D.PK-15 grown with 0% serum infected with 
PCV2b-P3 revealed cytoplasmic granularity 
(40x), H & E stained                                  

E.PK-15 grown with 10% serum 
uninfected (40x),   Unstained                                  

F.PK-15 grown with 10% 
serum infected with PCV2b-P3 
revealed no cytopathic changes 
(40x), Unstained

G.PK-15 grown with 10% serum 
uninfected (40x),   H & E stained                                                                     

H.PK-15 grown with 10% serum 
infected with PCV2b-P3 (40x), H 
& E stained                                  

Fig.2. Molecular confirmation of PCV2b adaptation in PK-15

Lane 1- 100 bp Ladder
Lane 2- PCV2b adapted in PK15 with 10% serum P2
Lane 3- PCV2b adapted in PK15 with 10% serum P3
Lane 4- PCV2b adapted in PK15 with 0% serum   P2
Lane 5- PCV2b adapted in PK15 with 0% serum   P3
Lane 6- PCV2b positive control
  Lane 7- Non-Template control

 802 bp 
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CONCLUSION

	 PCV2b successfully adapted to 
growth in PK-15 cells under reduced 
serum conditions, with no significant 
morphological or cytopathic changes 
observed in infected cells. MTT assay 
results indicated minimal impact on cell 
viability upon infection, suggesting efficient 
viral propagation in serum-deprived media. 
Molecular sequencing confirmed no genetic 
variations in PCV2b grown in 0% and 10% 
serum conditions. These findings highlight a 
cost-effective approach for culturing PCV2b, 
supporting virology research, viral isolation, 
vaccine development, and diagnostics. 
This study demonstrates the adaptability of 
PCV2b in PK-15 cells under serum-deprived 
conditions, offering potential for future 
research applications. However, further 
passages of PCV2b in serum-deprived 
conditions, along with a detailed analysis of 
cellular changes, immune gene expression, 
and complete viral genome characterization, 
could provide deeper insights into PCV2 
adaptation and host-virus interactions.
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b. PCV2b adapted and grown in 10% serum 
supplemented media
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