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Abstract 

 

Efficacy of bivalent vaccines of porcine circovirus type 2 and 

Mycoplasma hyopneumoniae in specific pathogen free pigs 

challenged with porcine circovirus type 2d 

 

Jeonggyo Lim 

 

(Supervisor: Han Sang Yoo, D.V.M., Ph.D) 

 

Department of Veterinary Medicine 

The Graduate School 

Seoul National University 

 

Porcine circovirus type 2 (PCV2) is a widespread virus with several variants 

and Mycoplasma hyopneumoniae (MHP) is a common but extremely 

contagious bacterium in swine herd. Both are common causative agents of 

porcine respiratory disease complex (PRDC) and post-weaning multisystemic 

wasting syndrome (PMWS) that lead to substantial economic losses in swine 
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industry. As a preventive measure of the infection, this study was carried out 

to evaluate the efficacy of newly developing bivalent vaccines (Myco-X and 

Myco-XD) containing porcine circovirus type 2 and MHP in specific 

pathogen free (SPF) pigs against PCV2d. Myco-X and Myco-XD contain 

PCV2b and PCV2d with MHP, respectively. A total of 16 pigs were divided 

into 4 groups (4 pigs per group). Groups 1 and 2 were vaccinated with Myco-

X and Myco-XD, respectively and challenged with a virulent PCV2d. Groups 

3 and 4 were not vaccinated but Group 3 was challenged with the virus. Two 

milliliters of Myco-X were administered intramuscularly and 0.5 mL of 

Myco-XD was injected intradermally at 3 weeks of age. All pigs except 

Group 4 were intramuscularly and intranasally challenged with the virulent 

PCV2d via at 4 weeks post vaccination. All vaccinated pigs protected the 

challenge when evaluated based on clinical signs, viral load in the blood, 

nasal cavity, lungs and lymphoid tissues. Also, vaccinated and challenged 

pigs showed significantly higher levels of anti-PCV2 IgG antibodies, PCV2d-

specific interferon-γ (IFN-γ), and anti-MHP IgG antibodies (p < 0.05) 

compared with unvaccinated and unchallenged pigs. Gross and 

histopathological lesions were significantly reduced by the vaccination. 

Taken together, this study demonstrated that the both bivalent vaccines can 

protect pigs against PCV2 infection caused by PCV2d. However, further 
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studies should be followed in order to evaluate the efficacy of these new 

vaccines against MHP challenge, and PCV2d/MHP co-challenge. 

 

                                                                  

Keywords: porcine circovirus type 2; Mycoplasma hyopneumoniae; bivalent 

vaccine; porcine circovirus type 2d challenge; porcine circovirus-associated 

disease 
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1. Introduction 

 

Porcine circovirus type 2 (PCV2) is a widespread virus that has been 

identified as one of the most economically damaging diseases to the global 

pig industry (Chae, 2005). PCV2 contributes to post-weaning multisystemic 

wasting syndrome (PMWS), porcine respiratory disease complex (PRDC), 

porcine dermatitis and nephritis syndrome (PDNS), reproductive failure and 

diarrhea (An et al., 2007; Opriessnig et al., 2007; Zheng et al., 2020). PCV2 

is a nonenveloped, circular, single-stranded DNA virus belonging to the genus 

Circovirus, family Circoviridae. Two main proteins are produced from 

double-stranded DNA intermediates. ORF1 encodes two nonstructural 

proteins while the capsid protein is encoded by ORF2 (Kwon et al., 2017). 

PCV2 genotypes are classified as PCV2a, PCV2b, PCV2c, PCV2d, and 

PCV2e based on differences in ORF2 nucleotide sequences (Olvera et al., 

2007). PCV2 is currently classified into 8 genotypes, which are denoted with 

lower case letters, “a to h”, in order of initial identification (Franzo and 

Segales, 2018). PCV2a was the dominant genotype in the world until 2000 

(Carman et al., 2008; Cheung et al., 2007; Cortey et al., 2011; Dupont et al., 

2008; Franzo et al., 2016; Grau-Roma et al., 2008; Wang et al., 2009). 
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Currently, the PCV genotype 2d, known as mutant PCV2b, is now thought to 

be the most common and dominant genotype in the USA (Wang et al., 2020), 

Russia (Raev et al., 2019), China (Hou et al., 2019), Thailand 

(Thangthamniyom et al., 2017), Vietnam (Dinh et al., 2021) and South Korea 

(Kwon et al., 2017) since a genotype shift to PCV2d started to occur in 2003 

(Dupont et al., 2008; Kim and Hahn, 2021; Opriessnig et al., 2014). The new 

emergence of the PCV2d genotype has led to vaccine failure and its rapidly 

increased distribution with porcine circovirus-associated disease (PCVAD) 

outbreaks (Xiao et al., 2015; Xiao et al., 2016). In challenged pigs, PCV2d 

tended to be more pathogenic compared to classical PCV2a and 2b (Kim and 

Hahn, 2021). According to nationwide PCV2 surveillance in 2016, PCV2d 

infection and PCV2b/d coinfection were 47.8% and 15.9% respectively while 

PCV2b infection was 2.9% only. This implies that PCV2d genotype shift 

occurred in nationwide and that the coexistence of multiple genotypes is 

normal in South Korea (Kwon et al., 2017). 

 

Mycoplasma hyopneumoniae (MHP) is common and extremely contagious in 

swine herds (Um et al., 2021). Mycoplasmal pneumonia is caused by MHP 

and is characterized by a persistent, non-productive cough with high 

morbidity and low mortality (Um et al., 2021). Enzootic pneumonia, 
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produced by MHP in the presence of opportunistic microorganisms such as 

Pasteurella multocida or Actinobacillus pleuropneumoniae, remains a severe 

chronic respiratory disease in pigs (Maes et al., 2018). Enzootic pneumonia 

reduces average daily weight gain and delays the marketed age, resulting in 

severe economic losses in the global pig industry (Maes et al., 2018). 

 

PCV2 and MHP are economically significant pathogens that are the major 

agents of PRDC. Vaccination against PCV2 and MHP is one of the most 

effective ways for controlling both infections (Chae, 2016). More than half of 

Korean pig farms presently employ combined vaccines that contains PCV2 

and MHP (http://www.kahpha.or.kr (accessed on 29 April 2021)). As a result, 

use of combination vaccines has widely become a part of general 

management (Um et al., 2021). 

 

Some bivalent vaccines for PCV2 and MHP infections manufactured by 

multinational companies has recently been introduced into the international 

markets over the last few years. The objective of this study was to evaluate 

and compare the efficacy of two newly developing bivalent vaccines (Myco-

X and Myco-XD) containing PCV2 and MHP in specific pathogen free (SPF) 

pigs against PCV2d in clinical, microbiological, serological, and pathological 
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respects. Myco-X includes PCV2b and MHP while Myco-XD contains 

PCV2d and MHP. 
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2. Materials and Methods 

 

2.1. Animals 

 

A total of 16 SPF piglets were purchased at 3 weeks of age from Optipharm 

(Cheongju, South Korea). At 3 weeks of age, pigs were negative for PCV2, 

PRRSV, and MHP based on serological testing. It was confirmed that sera 

were negative for PCV2 and PRRSV and nasal swabs were negative for MHP 

through real-time polymerase chain reaction (PCR) (Dubosson et al., 2004; 

Gagnon et al., 2008; Wasilk et al., 2004). 

 

2.2. Experimental design 

 

A total of 16 SPF pigs were divided into 4 groups (4 pigs per group) (Table 

1). At 3 weeks of age, the pigs in Myco-X-vaccinated group (G1) were 

intramuscularly injected Myco-X (CAVAC, Daejeon, South Korea) as a 2.0 

mL dose while the pigs in Myco-XD-vaccinated group (G2) were 

intradermally administered Myco-XD (CAVAC, Daejeon, South Korea) as a 

0.5 mL dose using an intradermal injector (PULSE 250, TRI-ON, Seoul, 
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South Korea). The unvaccinated groups (G3 and G4) were intramuscularly 

injected 2.0 mL of phosphate buffered saline (PBS, 0.1 M, pH 7.4) at 3 weeks 

of age. 

Four weeks post vaccination, 2.0 mL of a mixture of 2.2 mg/kg xylazine 

hydrochloride (Rompun®, Bayer, Berlin, Germany) and 2.2 mg/kg zolazepam 

hydrochloride (Zoletil® 50, Virbac, Carros, France) was intramuscularly 

inoculated for cardiac anesthesia, followed by injecting virulent PCV2d 

(strain CBNU 0324, GenBank no. MN545963.1) containing 105.3~5.5 50% 

fluorescent assay infectious dose (FAID50)/mL into all the groups with 2.0 mL 

intramuscularly and 2.0 mL intranasally (1.0 mL in each nostril). 

Each group was housed separately in the same air condition-, ventilation-, and 

temperature-controlled facility which included free access to feed and water. 

Body weight was measured at 0, 1, 2, 3, 4, 5, 6, and 7 weeks post vaccination 

(WPV). Blood samples were collected every week after vaccination until 7 

WPV and nasal swabs were collected at 4, 5, 6, and 7 WPV. Blood collection 

was divided into syringes, and heparin tubes for IFN-γ measurement. Serum 

samples were stored without heat inactivation for viremia measurement. At 7 

WPV, all 12 pigs were sedated with intramuscular injection of a mixture of 

Rompun® and Zoletil® and then euthanized by 5.0 mL of 200 mg 

embutramide, 50 mg mebezonium Iodide and 5 mg Tetracaine Hydrochloride 
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(T-61®, MSD Animal Health, Munchen, Germany) at 7 WPV. Tissues samples 

such as lung, spleen, tonsil, and lymph nodes were collected from all the pigs 

at necropsy and divided into 2 types; formalin-fixed samples, and samples for 

virus antigen detection
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Table 1. Experimental design for efficacy evaluation of new bivalent vaccines against PCV2d challenge. 

Group No. of pigs Vaccine 

Vaccination 

(3 weeks of age) 

Challenge 

(7 weeks of age) 

G1 4 Myco-X 

(PCV2b*+MHP†) 

2.0 mL, intramuscularly PCV2d 

G2 4 Myco-XD 

(PCV2d¶+MHP) 

0.5 mL, intradermally PCV2d 

G3 4 PBS‡ 2.0 mL, IM PCV2d 

G4 4 PBS 2.0 mL, IM ND§ 

 

*: porcine circovirus type 2b, †: Mycoplasma hyopneumoniae, ¶: porcine circovirus type 2d, ‡: phosphate buffered 

saline, §: not done
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2.3. Ethical statement 

 

The study described here was performed at the CAVAC Animal Test Facility 

under the guidelines established by its Institutional Animal Care and Use 

Committee (approval number: 202124-07 and 202124-08). 

 

2.4. Clinical observation 

 

All the pigs were monitored daily for abnormal clinical signs such as 

weakness, hair roughness, respiratory signs, and death. Observers were 

blinded to vaccination and challenge status. 

 

2.5. Average daily weight gain 

 

The live body weight of each pig was measured 8 times at 0, 1, 2, 3, 4, 5, 6, 

and 7 weeks post vaccination. The average daily weight gain (ADWG; kg/day) 

was analyzed over a specific time period between 4 and 7 WPV. 
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2.6. Quantification of PCV2d DNA in blood and nasal swabs 

 

DNA was extracted from serum and nasal swab samples through the 

commercial kit (MagMax RNA Isolation kit (catalog number AM1939), 

Thermofisher scientific, MA, USA) to quantify copy numbers of PCV2d 

genomic DNA by real-time PCR (Opriessnig et al., 2017). 

 

2.7. Serology 

 

The serum samples were tested for antibodies against PCV2 and MHP using 

commercial PCV2 ELISA (VDPro® PCV2 AB ELISA, Median diagnostics, 

Chuncheon, South Korea) and MHP ELISA (IDEXX, ME, USA) kits. 

 

2.8. Quantification of PCV2-specific interferon-γ in blood 

 

The numbers of PCV2-specific interferon-γ (IFN-γ) was measured using a 

commercial porcine IFN-γ ELISA kit (Quantikine® ELISA for Porcine IFN-γ 

Immunoassay, R&D Systems, MN, USA) after peripheral blood mononuclear 

cells (PBMC) isolation (SepMate™-50, STEMCELL™ Technologies, 
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Vancouver, Canada) (Bhatt et al., 2020; Gerace et al., 2018). 

 

2.9. Pathology 

 

Macroscopic lung lesions were scored (Fig. 1) (Halbur et al., 1995). 

Microscopic lung, tonsil, and inguinal lymph node lesions were analyzed and 

the presence of PCV2 in tissue was identified by PCV2 antigen 

immunohistochemistry (IHC) test (Opriessnig et al., 2007; Opriessnig et al., 

2004). 

 

 

Figure 1. Gross pig lung lesion scoring system (100 points) and area (bars) 

where sections were taken for microscopic examination.  
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2.10. Statistical analysis 

 

All statistical analysis was conducted by one-way ANOVA using SigmaPlot 

12.5 (Systat Software Inc, CA, USA). A one-way ANOVA test result with 

such a statistical significance was further evaluated by Tukey’s post hoc test. 

P-values less than 0.05 were considered statistically significant. 
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3. Results 

 

3.1. Clinical observation 

 

In the vaccinated challenged (G1 and G2) and the unvaccinated unchallenged 

(G4) groups, each individual showed no significant clinical signs, except that 

1 pig of G2 coughed from 2 weeks post challenge (WPC). On the other hand, 

the characteristic clinical signs of PCV2 such as weakness, hair roughness, 

running nose, and cough was identified in all the pigs in the unvaccinated 

challenged group (G3) (Table 2). 
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Table 2. Clinical signs after PCV2d challenge. 

Group Clinical signs 0 WPC 1 WPC 2 WPC 3 WPC 

G1 

 

Weakness 0/4 0/4 0/4 0/4 

Hair roughness 0/4 0/4 0/4 0/4 

Running nose 0/4 0/4 0/4 0/4 

Cough 0/4 0/4 0/4 0/4 

G2 

 

Weakness 0/4 0/4 0/4 0/4 

Hair roughness 0/4 0/4 0/4 0/4 

Running nose 0/4 0/4 0/4 0/4 

Cough 0/4 0/4 1/4 1/4 

G3 Weakness 0/4 0/4 1/4 4/4 

Hair roughness 0/4 0/4 1/4 4/4 

Running nose 0/4 0/4 1/4 4/4 

Cough 0/4 0/4 4/4 4/4 

G4 Weakness 0/4 0/4 0/4 0/4 

Hair roughness 0/4 0/4 0/4 0/4 

Running nose 0/4 0/4 0/4 0/4 

Cough 0/4 0/4 0/4 0/4 
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3.2. Average daily weight gain 

 

The body weight of the vaccinated challenged (G1 and G2) and the 

unvaccinated unchallenged (G4) pigs was significantly higher (P < 0.05) than 

that of the unvaccinated challenged (G3) pigs from 6 to 7 WPV. No significant 

difference was identified between G1, G2, and G4 (Fig. 2 A and B). 
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Figure 2. Body weight changes after PCV2d challenge. A: Mean body weight. B: Average daily weight gain between 

4 to 7 WPV in the different groups. Different superscript (*) indicate significant difference (P < 0.05) between 

groups. 
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3.3. Quantification of PCV2d DNA in blood 

 

No PCV2 genomic copies were detected in all the sera samples of all 4 groups 

at the time of challenge. PCV2 levels of the vaccinated challenged (G1 and 

G2) and the unvaccinated unchallenged (G4) animals were significantly 

lower (P < 0.05) than that of the unvaccinated challenged (G3) animals from 

1 to 3 WPC. Genomic copies of PCV2 were not detected in all sera samples 

of G1 and G4 animals (Fig. 3A). 

 

3.4. Quantification of PCV2d DNA in nasal swabs 

 

No PCV2 genomic copies were detected in all the sera samples of all 4 groups 

at the time of challenge. PCV2 levels of the vaccinated challenged (G1 and 

G2) and the unvaccinated unchallenged (G4) animals were significantly 

lower (P < 0.05) than that of the unvaccinated challenged (G3) animals at 3 

WPC. Genomic copies of PCV2 were not detected in all sera samples of G1 

and G4 animals (Fig. 3B). 
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Figure 3. Quantification of PCV2 DNA after PCV2d challenge. A: Mean values of the genomic copies of PCV2 

DNA in the serum samples. B: Mean values of the genomic copies of PCV2 DNA in the nasal swab samples in the 

different groups. Different superscript (*) indicate significant difference (P < 0.05) between groups.  
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3.5. Serology for PCV2 

 

All the pigs in all 4 groups were seronegative at the time of vaccination (3 

weeks of age; 0 WPV). Anti-PCV2 antibodies were detected in the vaccinated 

challenged (G1 and G2) animals from 2 WPV. Anti-PCV2 antibody levels of 

G1 and G2 animals were significantly higher (P < 0.05) than that of the 

unvaccinated (G3 and G4) animals from 5 to 7 WPV (Fig. 4A). 

 

3.6. Serology for MHP 

 

All the pigs in all 4 groups were seronegative at the time of vaccination (3 

weeks of age; 0 WPV). Anti-PCV2 antibodies were detected in the vaccinated 

challenged (G1 and G2) animals from 2 WPV. Anti-PCV2 antibody levels of 

G1 and G2 animals were significantly higher (P < 0.05) than that of the 

unvaccinated (G3 and G4) animals from 4 to 7 WPV (Fig. 4B). 



20 

 

 

Figure 4. Immunological responses against PCV2 and MHP. A: Mean values of the anti-PCV2 IgG antibody levels. 

B: Mean values of the anti-MHP IgG antibody levels in the different groups. Different letters (a and b) indicate 

significant difference (P < 0.05) between groups. 



21 

 

3.7. PCV2d-specific interferon-γ 

 

An increase in PCV2d-specific interferon-γ (IFN-γ) was continuously 

maintained until the end of the test in the vaccinated challenged (G1 and G2) 

pigs, starting with a sharp increase from 3 WPV. PCV2d-specific IFN-γ levels 

of G1 and G2 pigs were significantly higher (P < 0.05) than that of the 

unvaccinated (G3 and G4) pigs from 3 to 7 WPV (Fig. 5). 
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Figure 5. Mean values of the PCV2d-specific interferon-γ (IFN-γ). Different 

letters (a, b, and c) indicate significant difference (P < 0.05) between groups. 
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3.8. Macroscopic lung lesion scores 

 

Lung lesion scores are summarized in Table 3. Lung lesion scores of the 

vaccinated challenged (G1 and G2) and the unvaccinated unchallenged (G4) 

pigs were significantly lower (P < 0.05) than that of the unvaccinated 

challenged (G3) pigs. Severe interstitial pneumonia was seen in the G3 pigs 

(Fig. 6). 
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Table 3. Gross scoring of lungs and histopathological findings in lungs, tonsils, and lymph nodes of pigs challenged 

with PCV2d. 

Group Gross lung Histopathology   PCV2 antigenE 

  lesionsA LungB TonsilC Lymph nodeD   Lung Tonsil Lymph node 

G1 

 

12.00 ± 4.97*† miPP (4/4)‡ None None  0/4 0/4 0/4 

G2 

 

32.75 ± 27.83* miPP (4/4) None None  0/4 1/4 0/4 

G3 98.75 ± 2.50¶ miPP (2/4) LD (4/4) LD (4/4)  3/4 3/4 4/4 

    moPP (2/4)‡‡ IB (3/4) IB (4/4)         

G4 0.75 ± 0.50† miPP (1/4) None None  0/4 0/4 0/4 

Significantly difference (P < 0.05) between groups are indicated by different superscripts (*, †, and ¶). 

A: Lung lesion score (mean ± standard deviation) ranged from 0 to 12.5 depending lobes. B: The presence of mild 

(‡) or moderate (‡‡) peribronchiolar and perivascular inflammatory cell infiltration. C: The presence of lymphoid 
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depletion and histiocytic replacement in the lymphoid follicles, and basophilic intracytoplasmic viral inclusion 

bodies in tonsils. D: The presence of lymphoid depletion and histiocytic replacement in the lymphoid follicles, and 

basophilic intracytoplasmic viral inclusion bodies in lymph nodes. E: The presence of PCV2 antigen in different 

tissue. 
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Figure 6. Observations on the gross pathology in lungs. A: Myco-X vaccinated challenged group (G1). B: Myco-

XD vaccinated challenged group (G2). C: Unvaccinated challenged group (G3). D: Unvaccinated unchallenged 

group (G4). 
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3.9. Microscopic lesions 

 

The lesions in lungs, tonsils, and inguinal lymph nodes are summarized in 

Table 3. Microscopic lesions were not found in lungs of the unvaccinated 

unchallenged (G4) animals except that 1 animal showed mild peribronchiolar 

and perivascular inflammatory cell infiltration. Peribronchiolar and 

perivascular inflammatory cell infiltration, and alveolar wall thickening were 

mainly seen in lungs of the vaccinated challenged (G1 and G2) animals at 

minimal to mild levels. In contrast, lung lesions in the unvaccinated 

challenged (G3) animals were accompanied by severer damaging reactions as 

a whole. Histopathological changes that could suspect PCV2 infection were 

not identified in tonsils, and inguinal lymph nodes of G1, G2, and G4 pigs. 

On the other hand, in G3 pigs, lymphoid depletion and histiocytic 

replacement in the lymphoid follicles were seen in tonsils, and inguinal lymph 

nodes at mild to severe levels. Also, basophilic intracytoplasmic viral 

inclusion antibodies were observed in all the tonsils and lymph nodes of G3 

pigs except for tonsil of 1 animal (Fig. 7). 
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Figure 7. Histopathological findings in lungs, tonsils, and lymph nodes, H&E X100. A: Myco-X vaccinated group 

(G1). B: Myco-XD vaccinated group (G2). C: Unvaccinated challenged group (G3). D: Unvaccinated unchallenged 

group (G4). 
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3.10. PCV2 antigen Immunohistochemistry 

 

The presence of PCV2 in lungs, tonsils, and inguinal lymph nodes are 

summarized in Table 3. PCV2 antigen was not detected in all the lungs, tonsils, 

and inguinal lymph nodes of the unvaccinated challenged (G4) animals. 

PCV2 antigen was not detected in all the lungs of the vaccinated challenged 

(G1 and G2) animals. In contrast, PCV2 antigen was detected in lungs among 

3 of the unvaccinated challenged (G3) animals. PCV2 antigen was not 

detected in all the tonsils, and inguinal lymph nodes of G1 and G2 animals 

except for tonsil of 1 animal of G2. On the other hand, PCV2 antigen was 

detected in all the tonsils, and inguinal lymph nodes of G3 animals except for 

tonsil of 1 animal (Fig. 8). 
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Figure 8. Immunohistochemistry of PCV2 antigen in lungs, tonsils, and lymph nodes, X200. A: Myco-X vaccinated 

group (G1). B: Myco-XD vaccinated group (G2). C: Unvaccinated challenged group (G3). D: Unvaccinated 

unchallenged group (G4). 
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4. Discussion 

 

PCV2 and MHP are common and significant pathogens that cause 

economically damaging disease in pig industry. Monovalent vaccines against 

each disease have widely been used for the last two decades. Recently, some 

bivalent vaccines against PCV2 and MHP infection has been introduced in 

the international market by multinational companies. 

Efficacy of PCV2 and MHP combined vaccines has been approved through a 

variety of studies. A previous study on a novel ready-to use PCV2 and MHP 

combination vaccine demonstrated that the vaccinated pigs had significantly 

greater ADWG and a significant reduction of PCV2 viremia compared to the 

control pigs (Tzika et al., 2015). Another study also proved that the 

vaccinated pigs exhibited effective reduction of clinical signs and PCV2 

viremia compared to the unvaccinated challenged pigs (Park et al., 2016). In 

another recent study, it was demonstrated that the pigs vaccinated with a 

trivalent vaccine containing PCV2a, PCV2b and MHP had significantly better 

growth performance and effective reduction of the amount of PCV2d loads in 

the blood and feces when compared with the pigs vaccinated with a bivalent 

vaccine containing PCV2a and MHP (Um et al., 2021). 
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An experimental challenge study is essential to evaluate and compare the 

efficacy of new vaccines. The outcomes of this study confirm that two newly 

developing bivalent vaccines of PCV2 and MHP are effectively able to 

protect pigs against PCV2d challenge. Especially, Myco-X containing PCV2b 

demonstrates itself to cross-protect against PCV2d challenge which is mostly 

prevalent genotype in the world wide. 

Both humoral (i.e., antibody) and cell-mediated (i.e., IFN-γ) responses are 

important to assess the efficacy of new bivalent vaccines. Pigs vaccinated 

either Myco-X or Myco-XD produced anti-PCV antibodies and PCV2-

specific IFN-γ through successful immune responses. Both immunological 

responses reduced clinical signs, PCV2 viremia, PCV2 nasal shedding, lung, 

tonsil, and lymphoid lesions, and PCV2 antigen in those lesions. 

When a vaccine contains multiple antigens, there is a possibility of having 

interference between different antigens. However, two bivalent vaccines 

induced anti-PCV2 antibodies, PCV2-specific IFN-γ, and anti-MHP 

antibodies, and reduced clinical signs, viremia, nasal shedding, and lung, 

tonsil, and lymphoid lesions. Results in this study demonstrate that there was 

no interference between the antigens in those two bivalent vaccines. 

It is known that there is no reliable correlation between humoral immune 

response and protection against MHP (Djordjevic et al., 1997; Thacker et al., 
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1998). However, in this study, vaccinated animals seroconverted after 

vaccination while immunized animals with other company’s bivalent vaccine 

seroconverted only after MHP challenge in previous study (Park et al., 2016). 

The microscopic lesions caused by PCV2d challenge were moderate degree 

of peribronchiolar and perivascular inflammatory cell infiltration, moderate 

to severe degree of congestion and edema in the interlobular septa, and 

minimal to mild hemorrhage in lungs and moderated to some degree of 

lymphoid depletion and histiocytic replacement in the lymphoid follicles, and 

presence of basophilic intracytoplasmic viral inclusion bodies in tonsil and 

lymph nodes in the unvaccinated challenged (G3) pigs. Injection of bivalent 

vaccines of PCV2 and MHP reduced the severity of lung, tonsil, and lymphoid 

lesions, and PCV2 antigen in those lesions compared to G3 pigs. 

Both bivalent vaccines of PCV2 and MHP are able to protects pigs against 

PCV2d. However, when MHP infection precedes PCV2 infection, it 

contributes to the severity of PCV2-associated lesions (Opriessnig et al., 

2004). So, further studies should be followed in order to evaluate the efficacy 

of these new vaccines against MHP challenge, and PCV2d/MHP co-challenge. 

As a result, these two newly developing bivalent vaccines of PCV2 and MHP 

are able to protects pigs against PCV2d, assist pig practitioners and producers 

in reducing the number of vaccinations in pigs, and expect to control two 
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economically significant diseases, PCV2d infection and enzootic pneumonia. 
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국문초록 

 

SPF 돼지에서 돼지 써코바이러스 2형 및 Mycoplasma 

hyopneumoniae 혼합백신의 돼지 써코바이러스 2d형에 

대한 방어능 평가 

 

 

서울대학교 대학원 

수의학과 수의병인생물학 및 예방수의학 전공 

 

임 정 교 

(지도교수: 유 한 상) 

 

 

돼지 써코바이러스 2형 (PCV2)과 Mycoplasma hyopneumoniae 

(MHP)는 돼지 농장에 널리 퍼져 있는 병원체로써 돼지 호흡기 

복합증후군 (PRDC) 및 이유후 전신 소모성 증후군 (PMWS)을 
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일으키며, 이로 인해 양돈 산업에 상당한 경제적 손실을 야기하고 

있다. 이러한 질병의 예방책으로써, SPF 돼지에서 PCV2와 MHP 

혼합백신 (Myco-X 및 Myco-XD)의 PCV2d에 대한 방어능을 

평가하고자 이번 연구를 수행하게 되었다. Myco-X는 PCV2b 및 

MHP를 함유하고 있고, Myco-XD는 PCV2d 및 MHP를 함유하고 

있는 혼합백신이다. 총 16두의 돼지를 네 개의 그룹으로 나누어 

각 그룹당 4두씩 배정하였는데, 1그룹과 2그룹은 Myco-X 및 

Myco-XD를 각각 접종한 이후에 PCV2d 공격접종 하였고, 

3그룹과 4그룹은 백신을 접종하지 않았으며, 이 중에서 3그룹만 

공격접종 하였다. Myco-X는 2.0 mL를 근육으로, Myco-XD는 

0.5 mL를 피내로 3주령에 접종하였고, 백신접종 4주 후에 

병원성을 가진 PCV2d를 근육 및 비강을 통해 접종하였다. 

임상증상, 혈액 및 비강 내 PCV2d의 양, 폐 및 림프조직 내 병변 

결과를 바탕으로 백신접종군이 공격접종을 방어하였음을 알 수 

있었다. 그리고, 백신접종/공격접종군은 PCV2 IgG 항체, PCV2d 

특이 인터페론-감마, MHP IgG 항체가 무접종/공격접종군과 

비교하여 유의적으로 높은 수준을 보였으며 (P<0.05), 육안적, 

조직병리학적 병변도 유의적으로 감소하였다. 위의 평가결과를 
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종합하여, 이번 연구는 두 혼합백신이 PCV2d로 인한 돼지 

써코바이러스 감염증을 효과적으로 방어하였음을 입증하였다. 

향후, 백신들의 감염병 예방효과를 평가하기 위하여, MHP 감염 및 

PCV2d/MHP 동시감염에 대한 추가적인 방어능 평가연구가 

이루어져야 하겠다. 

 

 

 

주요어: 돼지 써코바이러스, 마이코플라즈마 하이오뉴모니아, 2가 

혼합백신, 돼지 써코바이러스 2d형 공격접종, 돼지 써코바이러스 
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