
 
 

Title: Understanding the Immunopathogenesis of Porcine Multisystemic Wasting Syndrome: 

the Immunological Effects of PCV2 and PRRSV Co-infection - NPB Project #08-156 

 

Investigator:   Tanya LeRoith 

 

Institution:   Virginia Polytechnic Institute and State University 

 

Date Submitted:  April 1, 2010 

 

 

Industry Summary 

 

This study addressed an important question about the immunological interactions between PCV2 and PRRSV.  

Although PCV2 has been recognized as the major contributor to PCVAD, it is difficult to reproduce the disease 

with PCV2 alone.  Typically infection by other viruses including PRRSV is required for clinical disease.  

However, the contribution each virus makes to the manifestation of clinical disease is unknown, but is presumed 

to be a result of immune modulation by the viruses.  This research attempted to identify the contribution of each 

virus in enhancing disease.  Understanding the effects of each virus on the immune system and how they 

interact is vital for vaccine development and for instituting other control measures. The objectives of this 

proposal were to determine how PCV2 infection enhances susceptibility to PRRSV; and to determine how 

PRRSV modulates the immune response to enhance PCV2-mediated clinical disease.  Other investigators have 

shown that PCV2 infection results in dendritic cell (DC) maturation that produces IL-10 when infected with 

PRRSV.  We have shown that PRRSV infection results in activation of regulatory T cells (Tregs) in acutely 

infected pigs.  The results of these experiments show that PCV2 is more capable than PRRSV of activating 

regulatory T cells alone, and the Treg activation is enhanced by PRRSV and PCV-2 co-infection. Since Tregs are 

capable of non-specifically dampening the immune response to other pathogens as well, both PCV2 and 

PRRSV-mediated activation of Tregs will likely result in more severe disease when pigs are exposed to other 

pathogens.  Additionally, the enhanced effect on Treg activation by PCV-2/PRRSV co-infection suggests that 

this mechanism may account for the manifestation of more severe PRRSV-related diseases in PCV-2 positive 

pigs.  Further studies are needed to determine if pigs chronically infected with PCV-2 are more susceptible to 

PRRSV-mediated immunosuppression than pigs co-infected with PRRSV and PCV-2.  However, it is clear 

from these studies that PCV-2 plays a big role in PRRSV-mediated immunosuppression, and both viruses 

should be considered when designing vaccines and vaccination strategies.  For more information, contact Tanya 

LeRoith (tleroith@vt.edu).  
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Scientific abstract 

 

Porcine circovirus associated diseases (PCVAD), including PMWS, are widespread in the pork industry in the 

United States.  Additionally, the incidence of more severe PMWS has been increasing.  Although PCV2 has 

been recognized as the major contributor to PCVAD, it is difficult to reproduce the disease with PCV2 alone.  

Typically infection by other viruses, including PRRSV, is required for clinical disease.  However, the 

contribution each virus makes to the manifestation of clinical disease is unknown, but is presumed to be a result 

of immune modulation by the viruses.  This research was designed to test the hypothesis that clinical PMWS 

results from a combination of PCV-2-mediated dendritic cell differentiation and PRRSV-mediated activation of 

regulatory T cells.  To test this hypothesis, we 1) infected pigs with PCV-2 alone, PRRSV alone, and PCV-2 

and PRRSV simultaneously and assessed Treg activation and the ability of PBMC to respond to PRRSV and 

PCV-2 antigen; and 2) infected dendritic cells in vitro with PCV-2 or PRRSV alone, and PCV-2 and PRRSV to 

assess the ability of the infected DCs to activate Tregs.  Surprisingly, our results show that PCV-2 alone is a 

stronger inducer of the Treg response than PRRSV, and co-infection results in an enhanced Treg response 

compared to each virus alone.  Since the majority of commercial herds in the United States are PCV2 positive, 

the results suggest that both viruses should be considered when designing vaccines and vaccination strategies. 

 

Introduction 

 

Porcine circovirus associated diseases (PCVAD), including PMWS, are widespread in the pork industry in the 

United States.  Additionally, the incidence of more severe PMWS has been increasing.  Although PCV2 has 

been recognized as the major contributor to PCVAD, it is difficult to reproduce the disease with PCV2 alone.  

The objectives of this proposal were to determine how PCV2 infection enhances susceptibility to PRRSV; and 

to determine how PRRSV modulates the immune response to enhance PCV2-mediated clinical disease.  

PRRSV infects and replicates in alveolar macrophages and dendritic cells, resulting in IL-10 production and 

proliferation of regulatory T cells.  PCV2 is taken up by DCs and alveolar macrophages but does not replicate in 

these cells and has no effect on them other than to increase differentiation of DCs.  Importantly, co-infection by 

both viruses is required to produce PMWS.  We hypothesized that PCV2 enhanced differentiation of DCs, 

thereby increasing the number of cells available for PRRSV infection, resulting in increased IL-10 production, 

and regulatory T cell activation.  Since Treg activation is associated with a decreased IFN-  response, and IFN-  

is necessary for protective immunity against PCV2, PRRSV-mediated activation of regulatory T cells would 

then dampen the immune response to PCV2, resulting in increased virus replication and clinical disease. Our 

hypothesis was that clinical PMWS results from a combination of PCV-2-mediated dendritic cell 

differentiation and PRRSV-mediated activation of regulatory T cells.  To test this hypothesis, we asked two 

questions. First, does PRRSV-mediated activation of regulatory T cells suppress the immune response to PCV2, 

and second, does PCV2-mediated differentiation of dendritic cells enhance PRRSV-infection of these cells, 

resulting in increased IL-10 production and Treg activation? These questions were addressed by analyzing the 

cellular and cytokine response to PRRSV and PCV-2 co-infection both in vitro and in vivo.   

  

Objectives 

 

In our original objectives, in objective 1, we proposed to determine if PRRSV-infected dendritic cells activate 

regulatory Tregs that are unresponsive to PCV2 in vitro.  In this objective, PRRSV-infected DCs were incubated 

with TGF- 1 and naïve CD4+CD25- T  cells to induce antigen-specific Tregs. These Tregs will then be 

incubated with PBMC from PCV2-vaccinated pigs, PCV2 antigen, and mitogen to determine if the Tregs dampen 

the immune response to PCV2. 

  

To determine the contribution of PCV2 in enhancing clinical disease, in objective 2, we proposed to determine 

if PCV-2 enhances DC differentiation and PRRSV-mediated regulatory T cell activation in vitro.  In this 

objective, PCV-2 was incubated with blood-derived monocytes, IFN-  and TNF-  to induce differentiation of 
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dendritic cells.  These dendritic cells as well as uninfected dendritic cells were then infected by PRRSV to 

determine if prior incubation with PCV2 enhances IL-10 production and Treg activation.   

  

 In objective 3, we proposed to determine if pigs co-infected with PRRSV and PCV2 have increased 

 activation and proliferation of regulatory T cells as compared to pigs infected with PRRSV and PCV2 

alone, and if these regulatory T cells non-specifically dampen the immune response to other pathogens.  For this 

objective, pigs were infected with PCV-2 or PRRSV alone, or co-infected with PCV-2 and PRRSV.  The 

PBMC and BALC were collected and the cellular and cytokine responses were analyzed. 

 

Materials and methods 

 

  

Objectives 1 and 2 

 

Sample collection 

Two hundred milliliters of peripheral blood were collected from pigs that were PCR and sero-negative for 

PCV2, PRRSV, and swine influenza.  The blood was collected into heparinized syringes, diluted 1:2 with sterile 

PBS, overlaid on Ficoll-Hypaque and centrifuged at 400Xg and 18° C for 35 minutes. PBMCs were collected 

from the buffy coat into ice-cold complete RPMI medium (10% heat-inactivated fetal bovine serum, 1% 

penicillin/streptomycin, 55 uM β mercapto-ethanol), washed two additional times and resuspended in complete 

RPMI 1640 medium. 

 

Infection of monocyte-derived dendritic cells 

Freshly isolated PBMCs were seeded in T75 tissue culture flasks and incubated overnight in complete RPMI 

1640 medium at 37° C, 5% CO2 to allow monocytes to adhere. Non-adherent cells were removed and 

cryopreserved in fetal bovine serum + 10% dimethyl sulfoxide (DMSO). Adherent cells were cultured at 37° C, 

5% CO2 in complete RPMI medium supplemented with 20ng/mL recombinant porcine-interleukin 4 and 

20ng/mL recombinant porcine GM-CSF. Cells were incubated for 5 days; 50% of medium was replaced on day 

3. After 5 days DCs were harvested using enzyme-free cell dissociation medium (Cellstripper, cellgro).  CD14-

positive monocytes were purified from PBMCs by immunomagnetic labeling of cells using mouse anti-swine 

CD14 monoclonal antibody (R&D systems, Minneapolis, MN) and goat-anti-mouse IgG microbeads (Miltenyi 

Biotec, Auburn, CA). Positively selected CD14+ monocytes were cultured for 5 days in complete RPMI 1640 

medium supplemented with 20ng/mL recombinant porcine-interleukin 4 and 20ng/mL recombinant porcine 

GM-CSF. After 5 days, DC differentiation was confirmed by typical veiled morphology and phenotyping with 

monoclonal antibodies specific for MHC I, MHC II, CD 172 (SWC3), CD 14 and CD 1. Monocyte-derived 

DCs were infected with PRRSV at a multiplicity of infection (m.o.i.) of 0.1, PCV2 at an m.o.i of 0.01 or both 

for 1 hour at 37° C in complete RPMI medium. Cells were then washed twice in complete medium, centrifuged 

at 300xg, 23° C for 10 minutes and resuspended in complete medium. Infected cells were seeded in 96-well 

tissue culture plates at 5x10
4
 cells per well. After 24 hours of incubation at 37° C, 5% CO2, 5x10

5
 lymphocytes 

(non-adherent cells from overnight culture of PBMCs) were added and co-cultured for 3 days. 

 

Induction of regulatory T cells 

The PBMC, including Mo-DC induced by PCV2 infection or mock lysate, were infected with 0.5 MOI of 

PRRSV or 0.5 MOI of heat-inactivated PCV2, or treated with 1µg/ml of purified LPS for 48h.  Cells were 

harvested, counted, and mixed with CD4+CD25- T cells at a 3:1 T/DC ratio and TGF- , and incubated for 3 

days to activate antigen specific Tregs.   

 

Flow cytometric and cytokine analysis 

 Following 3 days of co-culture with virus infected or uninfected control MoDCs, lymphocytes were 

evaluated for expression of CD4, CD25 and FoxP3 expression using flow cytometry. Cells were sequentially 

stained with CD4/IgG2b (VMRD), Alexa-fluor647 goat anti-mouse IgG2b (Invitrogen), mouse anti-pig CD25 
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(Serotec), and FITC-labeled goat anti-mouse IgG (Serotec). For intracellular staining, cells were permeabilized 

with permeabilization/fixation buffer (eBioscience) at 4° C for 12-18 hours followed by staining with PE anti-

mouse FoxP3 for 30 minutes at 4° C. Flow cytometric analysis was conducted on the lymphocytes using 

FACSCalibur cytometer (BD) and analyzed using FloJo software.  IL-10 production was measured with a 

commercial IL-10 ELISA kit on culture supernatant. 

 

Objective 3 

 

Experimental animals 

Thirty, four-week-old, crossbred pigs that were PCR and serologically negative for PRRSV and PCV2 were 

obtained from a commercial herd (Virginia Tech Swine Research Center, Blacksburg, VA).  All pigs were 

immunized with Mycoplasma hyopneumoniae commercial vaccine.  The pigs were separated into 3 treatment 

groups of 8 pigs each and one control group of 4 pigs.  The groups were inoculated intranasally with 10
5
 

TCID50 of the virulent PRRSV strain VR2385 (group 1), inoculated intramuscularly (IM) with 200 µg of PCV2 

strain 40895 (group 2), inoculated IM with PCV2 and intranasal with PRRSV (group 3) or saline (group 4).  

The pigs were euthanized at 14 days postinfection. 

 

Sample collection 

Heparinized blood samples were collected on the day of challenge and at days 7 and 14 post infection.  PBMC 

were isolated by density gradient centrifugation using isoprep medium according to the manufacturer’s 

instructions.  BAL cells were collected, isolated, purified, and cultured.  Samples of lungs; inguinal, 

tracheobronchial, hilar, and mesenteric lymph nodes; tonsil; spleen; and thymus were analyzed for the presence 

of the virus by PCR and for cytokine expression by real-time RT-PCR.  The same tissues were fixed in 10% 

neutral buffered formalin for histologic examination. 

 

Flow cytometry 

PBMC and BALC were isolated, resuspended in PBS with 5% FBS and 0.05% sodium azide, and stained with 

FITC conjugated anti-swine CD3, CD4, CD8, CD25, or IL-10 monoclonal antibody, or isotype-matched control 

mAb.  The cells were fixed in 1% paraformaldehyde and analyzed by flow cytometry. 

 

Results 

 

Objective 1 

 

Derivation of monocyte-derived dendritic cells  

Dendritic cells were derived from the monocyte fraction by incubating purified monocytes for 7 days in RPMI 

1640 medium supplemented with 10% fetal bovine serum, and 10 ng/ml recombinant porcine GM-CSF (R&D 

systems).  The culture medium was replenished every 3 days.  Cells were characterized by veiled morphology 

and by immunophenotyping with mAb specific for CD14, MHC I, MHC II, CD1, SWC3, CD11b/c and CD 

80/86.  The dendritic cells were then infected with PRRSV and again immunophenotyped.  We saw a 

downregulation of MHC II, CD 1, CD 11b, and CD 172 after infection with PRRSV (Fig 1). 
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 Fig 1. PRRSV-infected dendritic cells.  Values in blue show the expression of surface molecules  on sham infected dendritic 

cells, while values in maroon show the expression of surface molecules  on  PRRSV-infected dendritic cells. 

 

By using anti-CD14 antibody to select for CD14-positive cells (monocytes) from PBMC from healthy pigs, we 

were able to obtain a 91.7% pure population of monocytes, and 81% pure population of lymphocytes (Table 1). 

 

 

 

 

 

 

 
Table 1: Monocyte and lymphocyte separation 

 

 However, by using negative selection to isolate CD4+ lymphocytes, we were only able to obtain a 

maximum of 39.6% purity (Table 2).  Since less than 9% of CD4+ T cells were in the positive fraction, we were 

comfortable that we were correctly isolating CD4+ T cells; however there was another, still unaccounted for 

population of cells in the negative fraction.  

 CD 14 Separation  

 Monocytes Lymphocytes Granulocytes 

Unstained cells 18.35 81.34 0.36 

Positive Fraction 91.76 8.02 0.42 

Negative Fraction 9.98 89.9 0.05 
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Table 2: CD4+ T lymphocyte separation from CD14-negative fraction.  Values in parentheses  indicate antibody dilutions 

 

 To overcome this problem in the following experiments, we instead added the entire lymphocyte 

fraction to the DC culture and using flow cytometry, we gated on the CD4+ lymphocyte fraction to look for an 

increase in CD25+FoxP3+ lymphocytes.   

 

Objective 2 

 

Induction of an in vitro regulatory T cell response 

 

 Four separate experiments were done using blood from three different, mixed breed pigs form a 

commercial herd that were shown to be negative for both PCV2 and PRRSV antigen and antibody.  In three of 

four experiments, the number of  CD4+CD25+Foxp3+ regulatory T cells were significantly increased in the 

PCV-2 and PRRSV/PCV2 coinfection group when compared to the uninfected control (Fig 2 A, B, and C).  In 

two of the four experiments, the number of Tregs in the PCV2/PRRS co-infection group was significantly higher 

than with both the PRRSV and PCV2 alone, and PCV2 alone was able to induce a significantly higher number 

of Tregs than PRRSV alone or the control (Fig B, and C). In the fourth experiment, there was no statistically 

significant difference in the ability of the PCV2 or PCV2/PRRSV co-infection to stimulate Tregs.  However, we 

only had enough cells to perform this experiment in duplicate, therefore the variation within the groups was 

much higher.  Using a commercial IL-10 ELISA kit, the culture supernatants were assayed for IL-10 

production.  There was no difference in IL-10 production in any of the treatment groups (data not shown). 

 

Lymphocyte Separation (CD8a, CD11R3, CD21)   

 % lymphocytes % CD4+ 

Neg Fraction unstained 63.56 0 

Neg Fraction (1/10) 64.41 39.6 

Neg Fraction (1/25) 63.6 38.22 

Neg Fraction (1/50) 61.12 37.36 

Pos Fraction unstained 62.9 0 

Pos Fraction (1/10) 63.9 8.99 

Pos Fraction (1/25) 63.94 8.85 

Pos Fraction (1/50) 63.33 7.66 
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Fig 2: A, B, and C) PCV2 and PCV2/PRRSV co-infection of porcine dendritic 

cells results in activation of CD4+CD25+FoxP3+ T lymphocytes in vitro 

compared to the control (p < 0.05). B and C) PCV2/PRRSV co-infection of 

porcine dendritic cells results in a higher percentage of CD25+FoxP3+ T 

lymphocytes in vitro compared to the control, PRRSV, and PCV2 alone (p < 

0.05). 
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Objective 3 

 

In vivo PRRSV and PCV-2 coinfection 

 

All pigs inoculated with PRRSV were positive for virus in the blood by day 7, and all pigs inoculated with 

PCV2 were positive for virus in the blood by day 14.  The blood samples are currently being analyzed for viral 

titer.  None of the saline – inoculated pigs were positive for PRRSV or PCV2.  At necropsy, there was no 

difference in lung lesion scores between the PRRSV group and PRRSV/PCV2 co-infection group.  Saline 

control and PCV2 pigs had no gross evidence of interstitial pneumonia.  Samples of lungs; inguinal, 

tracheobronchial, hilar, and mesenteric lymph nodes; tonsil; spleen; and thymus are being analyzed for IL-10, 

IFN-γ, TGF-β, and FoxP3 expression by real-time RT-PCR.  Histologically, lung lesions in pigs infected with 

PRRSV ranged from mild to moderate interstitial pneumonia.  BALC and PBMC will be analyzed for the 

percentage of CD4+CD25+FoxP3+ lymphocytes, and proliferation assays will be done to determine if the 

enhanced Treg response seen in vivo is antigen specific. 

 

Discussion 

Porcine circovirus associated diseases (PCVAD), including PMWS, are widespread in the pork industry in the 

United States.  Additionally, the incidence of more severe PMWS has been increasing.  Although PCV2 has 

been recognized as the major contributor to PCVAD, it is difficult to reproduce the disease with PCV2 alone.  

Typically infection by other viruses including PRRSV is required for clinical disease.  However, the 

contribution each virus makes to the manifestation of clinical disease is unknown, but is presumed to be a result 

of immune modulation by the viruses.  This research attempted to identify the contribution of each virus in 

enhancing disease.  Understanding the effects of each virus on the immune system and how they interact is vital 

for vaccine development and for instituting other control measures. This project addressed an important 

question about the pathogenesis of porcine circovirus 2 (PCV2) and porcine reproductive and respiratory virus 

(PRRSV) co-infection in the development of porcine multisystemic wasting syndrome (PMWS).  The results 

from these experiments show that PCV2 is able to induce maturation of monocyte-derived dendritic cells and 

can stimulate regulatory T cells to a greater degree than PRRSV can alone.  Additionally, when dendritic cells 

are co-infected with PCV2 and PRRSV, the virus can stimulate Tregs to a significantly greater extent than either 

virus can alone.  The Treg stimulation in these experiments was independent of IL-10 production. The results 

from these experiments show that the immune suppression associated with PRRSV infection is likely dependent 

on the interaction between PRRSV and PCV2.  We hypothesize that the pathogenesis of severe respiratory 

disease due to PRRSV as well as PCVAD depends on the immune interaction between these two viruses.  One 

mechanism may be that PCV2 enhances the differentiation of dendritic cells, making them more susceptible to 

PRRSV infection and thereby enhancing the Treg response.  However, since PCV2 alone is able to stimulate a 

Treg response, and the response is amplified with co-infection, PCV-2 likely has an independent effect on Treg 

stimulation.  The underlying effects of this immune interaction have not yet been elucidated and require further 

study.   Additionally, further studies are needed to determine if pigs chronically infected with PCV-2 are more 

susceptible to PRRSV-mediated immunosuppression than pigs co-infected with PRRSV and PCV-2.   

 

 

Knowing that both viruses are able to induce regulatory T cells is crucial in the design of new vaccines. 

Understanding the role that Treg activation by PRRS and PCV2 co-infection plays in the development of disease 

and PRRSV persistence or PCVAD including PMWS will allow us to develop vaccines that: 

1) Provide protective immunity 

2) Protect against the establishment of viral persistence 

3) Protect against development of secondary infections 

 

 


