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Industry summary: Effective circovirus vaccines require minimal numbers of conserved B and T cell epitopes 

that provide protective immunity.  At the same time, vaccines must have the capacity to distinguish infected 

from vaccinated animals (DIVA).  Accomplishing both goals requires knowledge of critical B and T cell 

epitopes.  Current efforts in vaccine development have primarily focused on B cell epitopes with little 

information on the location and composition of T cell epitopes that offer helper function.   This proposal had the 

objective of identifying protective T cell epitopes in the capsid protein of PCV2.  The identification of 

protective T cell epitopes was predicated on the fact that the commercial vaccines have been shown to protect 

pigs from disease and to reduce viral load.  Pigs that were PCV2 negative by PCR assay were vaccinated at 3 

and 6 weeks of age with a commercially available baculovirus expressed ORF2 vaccine according to label 

instructions.  Three weeks later pigs were necropsied and lymph node cells collected and assayed.  This 

collection time approximates the exposure of pigs to PCV2 in the finisher. Synthesized PCV2a subtype capsid 

peptides of 30 amino acid residues each were used in two types of assays: the ELISPOT assay to enumerate 

interferon-gamma secreting cells, and a very sensitive flow cytometric proliferation assay using a fluorescent 

dye to label cells prior to stimulation in order to determine what proportion responded to a given stimulant.  

Proliferation by CD4
+
 (helper) T cells was determined in the proliferation assay by labeling cells after culture 

with antibody to the CD4 molecule followed by a fluorescent secondary antibody, and directly determining the 

proportion of CD4
+
 T cells that proliferated.  The results from this project demonstrated a specific pattern of 

interferon-gamma secretion in response to individual peptides occurred from T lymphocytes from vaccinated 

pigs, but not from vaccine control pigs.  The pattern was bimodal with the greatest responses to the N-terminal 

and C-terminal portions of the capsid protein.  A similar pattern occurred in the CD4
+
 T cell proliferation assay, 

although the distribution was less bimodal with responses to more of the peptides compared with the secretion 

assay.  Vaccine controls tended not to have CD4
+
 T cells that responded to the peptides in the proliferation 

assay.  These data support the idea that the PCV2 capsid protein contains protective T cell epitopes that 

stimulate CD4
+
 T cells.  The information is important because it provides the basis for establishing a protective 

vaccine that includes protective T cell epitopes.  Carol Wyatt, cwyatt@vet.k-state.edu 
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Scientific Abstract: Protective vaccines against PCV2 must incorporate important T cell epitopes as well as B 

cell epitopes.  Research to date has focused on B cell epitope identification.  The identification of 

“immunogenic” T cell epitopes will provide additional important information about amino acid sequences to 

include in a vaccine that will protect pigs from disease.   

The long-term goal of this project is to identify protective T cell epitopes in the capsid protein of PCV2, as well 

as to identify T cell epitopes that are linked to disease progression.  The distinction is important because only 

protective epitopes would be effective in a vaccine.  Previous studies have implicated CD4
+
 T cells in protection 

against PCV2 induced disease; however, the epitopes important in that protection have not been identified.  This 

project was designed to utilize our novel flow cytometry approach and a well established assay to identify 

protective T cell epitopes in the PCV2 capsid protein for inclusion in a protective vaccine.   

The results of this study demonstrated a pattern of T cell epitope responses by lymph node lymphocytes from 

vaccinated, but not control, pigs.  Protective epitopes were most abundant in both the N-terminal and C-terminal 

portions of the protein, indicating that multiple protective  

T cell epitopes exist in the capsid protein.  These epitopes should be considered candidates for inclusion in a 

protective vaccine against PCV2.   

 

IV.  Introduction: Vaccines based on baculovirus-expressed ORF2 have been shown to protect pigs from 

disease and to reduce viral load.  Additional studies have implicated CD4
+
 T lymphocytes in protection from 

PCV-induced disease.  Such observations combined with a large degree of conservation that has been observed 

between PCV2a and PCV2b genotypes suggest a high likelihood that peptides constructed from a PCV2a ORF2 

sequence will contain highly conserved, potentially cross-protective T cell epitopes that will protect pigs from 

both genotypes.  Such a vaccine would be important, especially if it included only protective epitopes.  The 

question addressed in this project, therefore, was whether or not protective T cell epitopes could be identified in 

lymphocytes from pigs vaccinated with a commercially available protective vaccine that utilized only the PCV2 

capsid protein.  The information is important because it provides the basis for establishing a vaccine that 

includes protective T cell epitopes. 

Objectives:  The focus of this project was to identify potentially protective T cell epitopes in the capsid protein 

of PCV2.  We hypothesized that at least one peptide would stimulate a recall response defined by interferon-

gamma secretion and CD4
+
 T cell proliferation from lymphocytes from vaccinated pigs, but not from 

unvaccinated age-matched control pigs.  Such a peptide would represent a potentially protective T cell epitope 

that would be a required component of any DIVA vaccine.    

Materials and Methods: We purchased chemically synthesized peptides of 30 amino acid residues each, that 

overlap by 10 amino acid residues at either end.  This provided the best opportunity to identify all T cell 

epitopes.  Pigs used in the study were PCV2 virus negative by PCR.  T cells for stimulation assays were 

obtained from pigs vaccinated at 3 weeks and 6 weeks with a baculovirus expressed capsid protein.  Three 

weeks later, lymph nodes were collected and individual peptides were incubated with lymphocytes from 

vaccinated and non-vaccinated control pigs.   Interferon-gamma secretion was measured using an ELISPOT 

assay.  Proliferation and identity of CD4
+
 T cells used dual color flow cytometry.  

Twenty 3-week-old pigs from PRRSV negative, PCV2 negative sows were housed at Kansas State 

University animal care facility. Fifteen of the pigs were vaccinated twice: at 3 weeks of age and again 3 weeks 

later with the baculovirus ORF2 vaccine (Intervet).  The remaining 5 age-matched pigs served as unvaccinated 

controls.  Blood samples for serum were collected at time 0 (3 weeks of age) and again at necropsy (10 weeks 

of age) to check for anti-PCV2 antibody.  The pigs were euthanized and lymph nodes were collected for 

experiments.  Single cell suspensions were prepared from a mixture of lymph nodes from each of the pigs.  

Since lymph nodes are the locations where immune responses take place, we expected to find peptide-reactive T 

cells in those cell suspensions.   
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Duplicate cultures were set up for each peptide. For the measurement of interferon-gamma secretion, 

cells were cultured on anti-interferon-gamma coated wells in 96 well ELISA plates.  At analysis, interferon-

gamma secreting cells were enumerated and the results analyzed to identify the peptide(s) that induced secretion 

by lymphocytes from vaccinated, but not from control, pigs.   The second culture used an additional aliquot of 

cells labeled prior to culture with the fluorescent molecule PKH67.  These cells were also incubated with the 

individual peptides.  After culture, the cells were labeled with anti-CD4 antibody and a secondary antibody with 

a fluorescent tag, and the proliferation index of CD4
+ 

T cells was measured by flow cytometry.   

Preparation of lymph node cells.  Lymph nodes were collected in sterile, cold PBS containing 

antibiotics, and allowed to sit on ice 1 hr to harden the fatty tissue surrounding the nodes.  Fat and stroma were 

then dissected away and the nodes were minced to approximately 1 mm pieces in PBS containing 20% ACD.  

Leukocyte rich supernatants were collected, the remaining pieces were pressed through wire mesh screens, and 

the resulting suspensions were added to the supernatants.  The tubes were placed on ice 30’ to allow small 

pieces to settle out, and then the suspensions were collected, centrifuged and resuspended in PBS/ACD.  The 

suspensions were underlayered with Ficoll-Hypaque and centrifuged. The interface cell layers containing 

lymphoid cells were collected, washed, counted and used in the assays. Viabilities were checked by Trypan blue 

dye exclusion. 

In vitro cultures.  Cells were cultured at 2 X 10
6
 cells/well in RPMI-1640 containing 10% fetal bovine 

serum, HEPES, 2-mercaptoethanol, and antibiotics in 24-well culture plates. Cultures were incubated with no 

stimulation, or with chemically synthesized peptides that overlapped by 10 amino acids each and that were 

based on the amino acid sequence of the ORF2 capsid protein of PCV2.  The vaccine amino sequence is 

proprietary information; however, there is broad conservation of sequence among PCV2 isolates.  Thus, we 

used the PCV2a ORF2 sequence that was identified based on known B cell epitopes.  Culture controls included: 

a) Con A (positive control), and b) unstimulated cells.   

ELISPOT assay.  The ELISPOT assay was performed on cultures incubated on Immulon plates coated 

with anti-porcine interferon-gamma following published methods.  The antibody reagents were commercially 

available.   

Proliferation and Immunophenotyping.  For proliferation studies, MLN cell suspensions were labeled 

with PKH67, a green fluorescing molecule (Fl-1) that inserts into cell membranes and remains in the 

membranes.  As the cell divides, the amount of label in the membranes is cut in half, so that cells that have 

proliferated are less fluorescent compared with cells that have not responded (original protocol supplied by Dr. 

M. McCaw, N.C. State [deceased]).  Labeled cells were incubated with individual peptides, and compared with 

labeled cells incubated with no stimulation.  Controls included: a) Con A (positive control), and b) no 

stimulation.  Cultures were collected, and aliquots were surface labeled with mouse mAb to CD4.  Secondary, 

phycoerythrin-labeled anti-mouse antibody (Fl-2) was added to detect bound mAb.  All of the reagents were 

commercially available.  The labeled cells were subjected to dual fluorescence flow cytometric analyses to 

determine the proportion of CD4
+
 T cells that proliferated to each peptide.  A proliferation index was calculated 

by dividing the number of CD4
+
 T cells (out of 10,000 total cells) that had proliferated in the stimulated cultures 

by the number of CD4
+
 T cells that had proliferated in the unstimulated cultures.  A proliferation index of 2 or 

greater is considered positive.   

Data analysis.  Because no single peptide induced a response by all of the pigs, but all of the vaccinated 

pigs had T cells that responded to one or more of the peptides, standard statistical analyses were not performed.  

Rather, the pattern of responses to the peptides was evaluated by plotting the peptide designation (x-axis) by the 

number of interferon-gamma secreting cells or the proliferation index per pig (y-axis).   
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VII. Results:  

Interferon-gamma secretion results are shown in Figure 1.   

 

Figure 1.  Interferon-gamma secretion by lymphocytes from control pigs (panel A) and vaccinated pigs 

(panel B).  The amino acid designations for each peptide is listed in panel A.   

 

The results showed that multiple peptides stimulated interferon-gamma secretion from T cells from 

vaccinated pigs; however, not every pig had T cells responsive by interferon-gamma secretion to any given 

peptide.  The largest numbers of interferon-gamma secreting cells responded to peptides encompassing amino 

acids 1-110, and 120-220.  However, the largest numbers of pigs that had responsive cells secreted interferon-

gamma in response to peptides from amino acids 1-90 and 120-200.  In contrast, responses by vaccine control 

pigs were substantially lower.   

CD4
+
 T cell proliferation in response to individual peptides is shown in Figure 2.  Similar to the 

interferon-gamma secretion data, numerous peptides stimulated CD4
+
 T cell proliferation from vaccinated, but 

not control, pig lymph nodes.  Also similar to the interferon-gamma assay, not all pigs had CD4
+
 T cells that 

proliferated to any given peptide.  The striking difference between the two assays was the observation that a 

larger number of peptides stimulated proliferation than stimulated interferon-gamma secretion.   

 

 

Figure 2.  CD4
+
 T cell proliferation to peptides from PCV2 capsid protein.  Responses by control pigs 

are shown in panel A, while responses by vaccinated pigs are shown in panel B.  The proliferation index is the 

measure of CD4
+
 T cell proliferation used in the assay.  The line shows the cutoff for a positive response. 
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Discussion:  Collectively, these data demonstrated the presence of multiple, protective T cell epitopes in lymph 

nodes from pigs vaccinated with a recombinant PCV2 vaccine that has been shown to be protective.  The T cell 

epitopes stimulated interferon-gamma secretion and CD4
+
 T cell proliferation in similar, but not identical, 

patterns.  Specifically, more peptides induced proliferation compared with the number that induced secretion.  

The reasons for the differences are not clear, but could be related to the presence of epitopes in the vaccine that 

stimulate proliferation by CD4
+
 T cells that can help B cells make protective antibodies.  Such T cells would not 

secrete interferon-gamma, but rather a different cytokine associated with antibody production.  Thus, such T 

cells would not be detected in this secretion assay.   

 

These results are important to producers because they form the basis for selection of protective T cells epitopes 

that can be included in a DIVA vaccine that protects against PCV2.   


