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VIRAL STRUCTURE OF PCV
amily Circoviridae, genus 

Circovirus

T=1 icosahedral, non-enveloped, 
single stranded DNA virus

small ambisense circular genome 
(~1766 to 1768 bp) 

At least 11 Open Reading Frames 
ORF1 & ORF2: replicase (Rep and Rep’) 

& capsid 

ORF3: apoptin

ORF4: ORF4 protein

ORF5: ORF5 protein Ren et al., 2016 www.ncbi.nlm.nih.gov

PCV1, PCV2, PCV3 and PCV4

http://www.ncbi.nlm.nih.gov


PCV REPLICATION CYCLE

Niu et al., 2022
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PCV-2 ASSOCIATED DISEASES (PCVADs)

PCV2-systemic disease
(PCV2-SD) (PMWS)

Rodriguez-Carino, 2010

PCV2-reproductive disease
(PCV2-RD)

Segales & Domingo, 2002

Opriessnig et al., 2007



PCV-2 ASSOCIATED DISEASES (PCVADs)

PCV2-enteric disease

Opriessnig et al., 2007

PCV2-respiratory disease
(Porcine Respiratory Disease Complex) (PRDC)

Niederwerder et al., 2015/ Li et al., 2016



PCV-2 ASSOCIATED DISEASES (PCVADs)

Porcine Dermatitis and Nephropathy 
Syndrome (PDNS)

Segales, 2002Opriessnig et al., 2007

PCV2-Subclinical Infection
(PCV2-SI)

Alarcon et al., 2013

Angulo, 2021



CASE DEFINITION OF THE DIFFERENT PCVADs

Segales and Sibila, 2022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8953210/pdf/vetsci-09-00110.pdf

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8953210/pdf/vetsci-09-00110.pdf


EVOLUTION OF PORCINE CIRCOVIRUSES
1990-1996

CANADA: PMWS

1997: PCV2 was isolated

USA, 1997
France, 1997

Spain, 1998

1974
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1974
Germany

1990-1996
PMWS - Canada

1998
PCV2d - Switzerland

1997
PCV2a – NA, Europe and Rest of the World

Germany

1997-present
Europe & Rest of the World

2016 
PCV3 - USA

2019 
PCV4 -
China

1980s
PCV2c - Denmark

2004
PCV2b - Canada

2009-2013
PCV2d - China

Genotype Shift
2a/2b

Genotype Shift
2b/2d

PCV2b
CANADA, 2004

PCV2C
Denmark, 1980

Mutant PCV2b (PCV2d)
CHINA, 2009

2012-present
PCV2e-h - China

PCV2e-h
CHINA, 2012- present

PCV3 
USA, 2016

PCV4
CHINA, 2019 

2010
PCV2c - Brazil

PCV2C
Brazil, 2010

PCV2i  
USA, 2020



EVOLUTION OF PORCINE CIRCOVIRUSES

Franzo and Segales, 2018

Maity et al., 2023



CLINICAL RELEVANCE OF DIFFERENT PCV2 GENOTYPES?

Franzo and Segales, 2018

NUMEROUS PCV-2 GENOTYPES 
BUT ALL BELONG TO ONLY 

ONE (1) SEROTYPE!

 Some degree of cross-protection 
across different PCV-2 genotypes

 Vaccination does not produce a 
Sterilizing Immunity

 Changes on the viral capsid leads to 
a better receptor binding and viral 
fitness of certain PCV2 genotypes

Wei et al., 2019



DIAGNOSTIC 
CRITERIA FOR 

PCV-2 INFECTIONS

Clinical signs and gross pathological lesions (i.e. 
growth retardation, and wasting)

(2) presence of specific moderate to severe
histological lesions in target tissues of affected 

lymphoid tissues for PCV-2-SD, 
heart for PCV-2-RD and 
vessels/glomeruli for PDNS; and 

(3) presence of a moderate to high amount of PCV-
2 in these target tissues. 

Segales, 2012



PCV-2 MONITORING TOOLS

ELISAqPCR

qPCR THRESHOLDS

qPCR in serum >107 PCV-2 DNA copies/ml 

qPCR in lungs or lymph node 2-3 log more than in serum

qPCR in mummified and 
(myocardium, spleen and liver)

>109 PCV-2 DNA copies/g 
tissue

none
Segales and Sibila, 2022



PCVADs IN VACCINATED PIGS?

Opriessnig et al., 2013

 OCCURRENCE OF CLINICAL PCVADS IN VACCINATED PIGS?
 PCV2d (mutant PCV2b) is currently the most prevalent
 Most of the commercially available PCV vaccines are 

prepared from Genotype 2A  

MINOR VARIATIONS IN B AND T CELL EPITOPES BETWEEN 
VACCINES AND FIELD PCV2 HAVE RESULTED 
TO DIFFERENCES IN IMMUNE RECOGNITION

 DIFFERENTIAL EFFICACY of different vaccine platforms 
when animals are raised in suboptimum conditions?
 Non-sterilizing immunity  provides opportunity for certain strains 

to preferentially circulate in “challenging” environment

Wei et al., 2019



T-CELL EPITOPE 
CONTENT 

COMPARISON 
(EpiCC)

Moise et al, 2020



CELL EPITOPE CONTENT COMPARISON (EpiCC

“AN EMERGING 
IMMUNOINFORMATICS TOOL 

THAT COMPARES T CELL EPITOPE 
CONTENT OF PCV2 AND 

OTHER VIRUSES”

https://opentextbc.ca/

axis with 60 sub-units of capsid proteins (5x12) 
arranged in canonical viral jelly roll

Humoral Immune Response

Cell Mediate Immune Response

https://opentextbc.ca/


EPITOPES OF PCV-2
PCV2a PCV2b PCV2d

PCV2a PCV2b PCV2d

Khayat, et al., 2019

Khayat, et al., 2011/ Kekarainen et al., 2014

Evolution Rate of PCV2:
1.2x10−3 substitution/site/year



CELL EPITOPE CONTENT COMPARISON (EpiCC

NUCLEOTIDE 
SEQUENCING OF 

ORF2 GENE OF PCV2

Input Sequence
T-cell Epitope 

Prediction                  
(Pig Matrix)

T Cell Epitope 
Content Comparison 

(EpiCC)

PHYLOGENETIC ANALYSIS EpiCC BASELINE EpiCC SCORES T-CELL EPITOPE COVERAGE

FIELD 
SAMPLES OF 
SUSPECTED 

PCV2



FARM VISIT 
AND 

SAMPLE 
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MOLECULAR CHARACTERIZATION OF 
PCV-2 IN THE PHILIPPINES: PILOT STUDY

Phat Xuan Dinh et al. 2021. Porcine circovirus genotypes and their copathogens in pigs with respiratory 
disease in southern provinces of Vietnam. Archives of Virology 166:403-411. 
https://doi.org/10.1007/s00705-020-04878-y

4 FARMS IN 2017 POSITIVE SAMPLES 
WERE ARCHIVED

3 SAMPLES WERE 
SEQUENCEABLE IN 2023

SEQUENCE DATA 
UPLOADED TO EPIVAX

https://doi.org/10.1007/s00705-020-04878-y


FARM 1 (1700 sow level farrow to finish farm, 
Landrace x Large White x Duroc three-way cross)

Isolate 1 (Module 1)
PCVAD signs: 

wasting, thumping, jaundice
elevated mortality (8%) and morbidity (15-20%) 
around 6-10 weeks old

Necropsy signs: 

inflamed lymph nodes, 
multifocal interstitial nephritis (white spotted kidneys),
edematous lungs.

B. Isolate 2 (Module 2)
• PCVAD signs: 

• wasting, thumping, jaundice  
• elevated mortality 8% and morbidity (15-20%) 
• around 6-10 weeks old. 

• Necropsy signs: 
• inflamed lymph nodes, 
• multifocal interstitial nephritis (white spotted kidneys) 
• edematous lungs.

LAB RESULTS (from 10-weeks old tissue samples):

PCV2d PCR positive, Ct value of 10, 
PRRS North American Strain, Ct value of 15.711
Pasteurella multocida positive in bacterial isolation

LAB Results (from 10-weeks old tissue samples): 
1. PCV2d PCR positive with Ct value of 10
2. PRRS North American Strain, Ct value of 20.590
3. PRRS EU strain with Ct value of 24.632 
4. No significant bacteria isolated

Vaccination: PCV2d whole cell inactivated vaccine at D21, 1mL IM  Vaccination: PCV2d whole cell inactivated vaccine at D21, 1mL 



II. Farm 2 (2200 sow level farrow to finish farm, 
Landrace x Large White x Duroc three-way cross)

PCVAD signs 
wasting, thumping, jaundice  
elevated mortality (8%) and morbidity  (40%) 
around 9-10 weeks old. 

Necropsy signs
inflamed lymph nodes, 
multifocal interstitial nephritis (white spotted kidneys), 
edematous lungs, 
arthritis of the hind limbs.

LAB Results (from 10-weeks old tissue 
samples):

1. PCV2d PCR positive with Ct value of 5.52, 

2. PRRS North American Strain, Ct value of 
13.338 

3. Hemophilus parasuis serovar 6 and 14 
positive in bacterial isolation and 
serotyping  

Vaccination: 
aculovirus expressed PCV2a vaccine, 1mL IM.



GROSS MORPHOLOGICAL LESIONS



GROSS MORPHOLOGICAL LESIONS



GROSS MORPHOLOGICAL LESIONS



GROSS MORPHOLOGICAL LESIONS



NUCLEOTIDE SEQUENCING OF ORF2 OF PCV-2 FIELD SAMPLES

SAMPLE NAME SAMPLE TYPE RESULTS
Farm 1A DNA extract PCV-2 DNA Detected
Farm 1A Tissue samples PCV-2 DNA Detected
Farm 1B DNA extract PCV-2 DNA Detected
Farm 1B Tissue samples PCV-2 DNA Detected
Farm 3 DNA extract PCV-2 DNA Not Detected
Farm 3 Tissue samples PCV-2 DNA Not Detected
Farm 2 DNA extract PCV-2 DNA Detected
Farm 2 Tissue samples PCV-2 DNA Detected

NUCLEOTIDE SEQUENCING
674bp ORF2 gene

224 amino acid sequence
Length of ORF2 of PCV2: 705bp

Total Amino Acid Sequence: 223-234 aa 



ANALYSIS 1. GENOTYPING AND PHYLOGENETIC 
ANALYSES OF FIELD PCV2 SAMPLES

FARM 1A

FARM 1A FARM 2FARM 1B



EpiCC BASELINE SCORES AND RADAR PLOT FOR PCV2 (GLOBAL STANDARDS)

Distribution of tested PCV2 samples (N=746)
Foss 

Minimum and Maximum EpiCC Scores of PCV isolates globally

Capsid EpiCC scores of global PCV isolates and vaccines  



ANALYSIS 2. EpiCC BASELINE SCORES AND RADAR PLOT FOR PCV2 
(GLOBAL STANDARDS)

Genotype 
2A + 2B Vaccine 

Genotype 
2A Vaccine 1 

Genotype 
2A Vaccine 2 

Genotype 
2A Vaccine 3 



ANALYSIS 2. EpiCC SCORES AND RADAR PLOT OF FIELD PCV2 SAMPLES

FARM 1A FARM 1B



ANALYSIS 2. EpiCC SCORES AND RADAR PLOT OF FIELD PCV2 SAMPLES

FARM 2 GLOBAL STANDARD



ANALYSIS 3. PERCENT T-CELL EPITOPE COVERAGE (GLOBAL STANDARDS)

Genotype 
2A + 2B Vaccine 

Genotype 
2A Vaccine 1 

Genotype 
2A Vaccine 2 

Genotype 
2A Vaccine 3 

PCV2a

PCV2d

PCV2b

Khayat, et al., 2019Foss et al., 2022



ANALYSIS 3. PERCENT T-CELL EPITOPE COVERAGE OF FIELD PCV2 SAMPLES

Genotype 
2A + 2B Vaccine 

Genotype 
2A Vaccine 1 

Genotype 
2A Vaccine 2 

Genotype 
2A Vaccine 3 

Foss et al., 2022

Khayat, et al., 2019



SUMMARY OF EpiCC RESULTS

FARM 1A

FARM 1B

FARM 1A FARM 2FARM 1B



KEY TAKE AWAYS

PCV2 is an economically important pathogen that can lead to several porcine 
circovirus-associated diseases (PCVAD).

PCV2’s evolutionary rate is unusually high for DNA virus resulting to the 
emergence of at least 8 genotypes.

PCV2 continues to evolve and EpiCC analysis provides a new tool to 
assess the possible impact of virus genetic divergence on T cell 
epitope coverage of vaccine strains.

Circulating field PCV strains that share more T cell epitope content with 
vaccine strains will have higher EpiCC scores and higher vaccine coverage.



General Objective
The general objective of the study is to 

develop a surveillance system for ASFV that utilizes 
farm environment and fomites as an added tool 
during ASF sentinel, repopulation and recovery 

programs in the Philippines.

PROJECT 
TITLE

DEVELOPMENT OF SURVEILLANCE SYSTEM FOR ASFV IN FARM 
ENVIRONMENT AND FOMITES OF ASF-AFFECTED SWINE FARMS: 

AN ADDED TOOL FOR ASF SENTINEL, REPOPULATION 
AND RECOVERY PROGRAMS



MOLECULAR EPIDEMIOLOGICAL-BASED REPOPULATION SYSTEM

MOLECULAR EPIDEMIOLOGIST
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FREEDOM FROM PREVIOUS 
INFECTION OF THE FARM 

ENVIRONMENT

BIOSECURITY 
ENHANCEMENTS + 

qPCR-BASED MOLECULAR 
SURVEILLANCE SYSTEM

RISK-BASED APPROACH TO 
SEGMENTAL 

DEPOPULATION

EARLY DETECTION OF 
REINFECTION THROUGH 

SYNDROMIC SURVEILLANCE 
SYSTEM

MOLECULAR 
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AREAS OF POSSIBLE COLLABORATIONS

POTENTIAL COLLABORATORS

SMALLHOLDER FARMS

SEMI-COMMERCIAL FARMS 

COMMERCIAL FARMS 

ASSOCIATION-GROUPS

LGUs

PLANNING TO (2023-2024): 

Perform Sentinelling

Partial/Full Repopulation

Build-up of In-House Farm 
Laboratory Capabilities

PHASE 2 (FIELD VALIDATION)

EMAIL ADDRESS: dvumali@up.edu.ph

mailto:dvumali@up.edu.ph

