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ABSTRACT

Background: Porcine circovirus type 2 (PCV2) and Mycoplasma hyopneumoniae (MHP) are 
economically significant pathogens in the pig industry. The use of combined vaccines against 
PCV2 and MHP is one of the most effective ways of protecting pigs from both diseases, and it 
has become a part of general management.
Objectives: This study evaluated the efficacy of two new bivalent vaccines of PCV2 and MHP 
(Myco-X and Myco-XD) in SPF pigs. Myco-X and Myco-XD are a combined vaccine of MHP 
with PCV2b and PCV2d, respectively.
Methods: Sixteen pigs were divided into four groups: Myco-X-vaccinated challenged, 
Myco-XD-vaccinated challenged, unvaccinated challenged, and unvaccinated unchallenged. 
Two milliliters of Myco-X were administered intramuscularly, and 0.5 mL of Myco-XD was 
injected intradermally at 3 wk of age. The pigs were challenged with virulent PCV2d via the 
intramuscular and intranasal route 4 wk post-vaccination.
Results: All vaccinated pigs showed effective reduction of the clinical signs, the PCV2d load 
in the blood and nasal swab samples, as well as lung and lymphoid tissue lesions in the 
challenge test. Compared to unvaccinated challenged animals, the vaccinated challenged 
animals showed significantly higher (p < 0.05) levels of anti-PCV2 IgG, PCV2d-specific 
interferon-γ (IFN-γ), and anti-MHP IgG.
Conclusions: Based on clinical, microbiological, serological, and pathological assessments, 
this study confirmed that both combined vaccines could protect pigs against PCV2 infection 
caused by PCV2d. On the other hand, further research on the efficacy evaluation of these new 
vaccines against the MHP challenge and PCV2d/MHP co-challenge is needed.
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INTRODUCTION

Porcine circovirus type 2 (PCV2) has been identified as one of the most economically 
damaging diseases to the global pig industry [1]. PCV2 contributes to post-weaning 
multisystemic wasting syndrome (PMWS), porcine respiratory disease complex (PRDC), 
porcine dermatitis and nephritis syndrome (PDNS), reproductive failure, and diarrhea [2-
4]. PCV2 is a non-enveloped, 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 [5]. PCV2 genotypes are classified as PCV2a, PCV2b, PCV2c, PCV2d, and PCV2e 
based on the differences in ORF2 nucleotide sequences [6]. PCV2 is currently classified into 
eight genotypes, denoted with lower case letters, “a to h”, in the order of initial identification 
[7]. PCV2a was the dominant genotype worldwide until 2000 [8-14]. Currently, PCV genotype 
2d, known as mutant PCV2b, is the most common and dominant genotype in the USA [15], 
Russia [16], China [17], Thailand [18], Vietnam [19], and South Korea [5] because a genotype 
shift to PCV2d began to occur in 2003 [9,20,21]. The new emergence of the PCV2d genotype 
has led to vaccine failure, which has rapidly increased the distribution of porcine circovirus 
associated diseases (PCVAD) outbreaks [22,23]. In challenged pigs, PCV2d tended to have 
higher virulence, more serious clinical signs, viremia, and pathological lesions than classical 
PCV2a and 2b [21]. In nationwide PCV2 surveillance in 2016, genotype-specific PCR showed 
that the incidence of PCV2d infections and PCV2b/d coinfections were 47.8% and 15.9%, 
respectively, while that of PCV2b infection was only 2.9%. This implies that the PCV2d 
genotype shift occurred in nationwide and that the coexistence of multiple genotypes is 
normal in South Korea [5].

Mycoplasma hyopneumoniae (MHP) is common and highly contagious in swine herds [24]. 
Mycoplasmal pneumonia is caused by MHP and is characterized by a persistent, non-
productive cough with high morbidity and low mortality [24]. Enzootic pneumonia, 
produced by MHP in the presence of opportunistic microorganisms, such as Pasteurella 
multocida or Actinobacillus pleuropneumoniae, remains a severe chronic respiratory disease in pigs 
[25]. Enzootic pneumonia reduces the average daily weight gain and delays the marketed age, 
resulting in severe economic losses in the global pig industry [25].

PCV2 and MHP are economically significant pathogens that are the major agents of PRDC. 
The vaccination against PCV2 and MHP is one of the most effective ways of controlling both 
infections [26]. More than half of Korean pig farms presently employ combined vaccines that 
contain PCV2 and MHP (http://www.kahpha.or.kr; accessed on 29 April 2021). As a result, 
combination vaccines have become a part of general management [24].

Some bivalent vaccines for PCV2 and MHP manufactured by multinational companies have 
been introduced into the international markets over the last few years. This study evaluated 
and compared the efficacy of two newly developing bivalent vaccines, Myco-X (a mixture of 
PCV2b and MHP) and Myco-XD (a combination of PCV2d and MHP) in specific pathogen-
free (SPF) pigs infected with PCV2d based on the clinical, microbiological, serological, and 
pathological findings.

https://doi.org/10.4142/jvs.21287

Efficacy of bivalent vaccines of PCV2 and MHP

https://orcid.org/0000-0003-2250-2637
https://orcid.org/0000-0003-2347-5140
https://orcid.org/0000-0002-8761-4296
https://orcid.org/0000-0003-0548-0835
http://www.kahpha.or.kr


3/13https://vetsci.org

MATERIALS AND METHODS

Ethical statement
This study was performed at the CAVAC Animal Test Facility under the guidelines established by 
its Institutional Animal Care and Use Committee (approval numbers: 202124-07 and 202124-08).

Animals
Sixteen SPF piglets were purchased at 3 wk of age from Optipharm (Korea). At 3 wk of age, 
the pigs were negative for PCV2, PRRSV, and MHP based on serological tests. The sera were 
negative for PCV2 and PRRSV, and the nasal swabs were negative for MHP through real-time 
polymerase chain reaction (PCR) [27-29].

Experimental design
Myco-X includes inactivated PCV2b and MHP with a nanoparticle adjuvant, while Myco-XD 
contains inactivated PCV2d and MHP with a water-in-oil type adjuvant.

Sixteen SPF pigs were divided into four groups (four pigs per group) (Table 1). At 3 wk of 
age, the pigs in the Myco-X-vaccinated group (G1) were injected intramuscularly Myco-X 
(CAVAC, Korea) with a 2.0 mL dose, while the pigs in the Myco-XD-vaccinated group (G2) 
were administered Myco-XD (CAVAC) intradermally with a 0.5 mL dose using an intradermal 
injector (PULSE 250; 30 psi). The unvaccinated groups (2dC and NC) were injected 
intramuscularly with 2.0 mL of phosphate-buffered saline (PBS, 0.1 M, pH 7.4) at 3 wk of age.

At 4 wk post-vaccination, 2.0 mL of a mixture of 2.2 mg/kg xylazine hydrochloride (Rompun; 
Bayer, Germany) and 2.2 mg/kg zolazepam hydrochloride (Zoletil 50; Virbac, France) was 
inoculated intramuscularly for cardiac anesthesia, followed by an injection of the virulent 
PCV2d (strain CBNU 0324, GenBank no. MN545963.1) containing 105.3–5.5 50% fluorescent 
assay infectious dose (FAID50)/mL into G1, G2 and 2dC pigs, 2.0 mL intramuscularly and 2.0 
mL intranasally (1.0 mL in each nostril).

Each group was housed separately under the same air condition-, ventilation-, and 
temperature-controlled facility, which included access to feed and water ad libitum. The body 
weight was measured at 0, 1, 2, 3, 4, 5, 6, and 7 wk 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 the 
interferon-γ (IFN-γ) measurements. The serum samples were stored without heat inactivation 
for the viremia measurement. At 7 WPV, all 16 pigs were sedated with an 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 (T-61; MSD 
Animal Health, Germany). Tissue samples, such as lung, spleen, tonsil, and lymph nodes, 

https://doi.org/10.4142/jvs.21287

Efficacy of bivalent vaccines of PCV2 and MHP

Table 1. Experimental design with vaccination and challenge
Group No. of pigs Vaccine Vaccination (3 wk of age) Challenge (7 wk of age)
G1 (PCV2b+MHP) 4 Myco-X 2.0 mL, intramuscularly PCV2d
G2 (PCV2d+MHP) 4 Myco-XD 0.5 mL, intradermally PCV2d
2dC 4 PBS 2.0 mL, intramuscularly PCV2d
NC 4 PBS 2.0 mL, intramuscularly ND
PCV2b, porcine circovirus type 2b; MHP, Mycoplasma hyopneumoniae; PCV2d, porcine circovirus type 2d; G1, 
Myco-X PCV2d challenge (Myco-X-vaccinated); G2, Myco-XD PCV2d challenge (Myco-XD-vaccinated); 2dC, 
PCV2d challenge control (unvaccinated challenged); NC, negative control (unvaccinated unchallenged); PBS, 
phosphate-buffered saline; ND, not done.
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were collected from all pigs at necropsy and divided into formalin-fixed samples and samples 
for virus antigen detection.

Clinical observation
All the pigs were monitored daily from 4 to 7 WPV for abnormal clinical signs, such as 
weakness, hair roughness, respiratory signs, and death. The observers were blinded to 
vaccination and challenge status.

Average daily weight gain
The live body weight of each pig was measured eight times at 0, 1, 2, 3, 4, 5, 6, and 7 wk 
post-vaccination. The average daily weight gain (ADWG; kg/day) was analyzed over a specific 
period between 4 and 7 WPV.

Quantification of PCV2d DNA in blood and nasal swabs
DNA was extracted from the serum and nasal swab samples using a commercial kit (MagMax 
RNA Isolation kit (Thermo Fisher Scientific, USA) to quantify the copy numbers of PCV2d 
genomic DNA by real-time PCR [30].

Serology
The serum samples were tested for immunoglobulin G (IgG) against PCV2 and MHP using 
commercial PCV2 ELISA (VDPro PCV2 AB ELISA; Median Diagnostics, Korea) and MHP 
ELISA (IDEXX, USA) kits, respectively.

Quantification of PCV2-specific IFN-γ in blood
The numbers of PCV2d-specific IFN-γ were measured using a commercial porcine IFN-γ ELISA 
kit (Quantikine ELISA for Porcine IFN-γ Immunoassay; R&D Systems, USA) after peripheral blood 
mononuclear cells (PBMC) isolation (SepMate-50; STEMCELL Technologies, Canada) [31,32].

Pathology
The macroscopic lung lesions were scored (Supplementary Fig. 1) [33]. The microscopic 
lung, tonsil, and inguinal lymph node lesions were analyzed, and the presence of PCV2 in the 
tissue was identified using a PCV2 antigen immunohistochemistry (IHC) test [2,34].

Statistical analysis
All statistical analyses were conducted by one-way analysis of variance (ANOVA) using 
SigmaPlot 12.5 (Systat Software Inc., USA). A one-way ANOVA test result with statistical 
significance was evaluated further using a Tukey’s post hoc test. The p values less than 0.05 
were considered significant.

RESULTS

Clinical observation
In the vaccinated challenged (G1 and G2) and unvaccinated unchallenged (NC) groups, each 
individual showed no significant clinical signs, except that one pig of G2 coughed from 2 
wk post-challenge (WPC). On the other hand, the characteristic clinical signs of PCV2, such 
as weakness, hair roughness, running nose, and cough, were identified in all pigs in the 
unvaccinated challenged (2dC) group (Table 2).

https://doi.org/10.4142/jvs.21287
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Average daily weight gain
The bodyweight of the G1, G2, and NC pigs was significantly higher (p < 0.05) than that of the 
2dC pigs from 6 to 7 WPV. No significant difference was observed between G1, G2, and NC 
(Fig. 1A and B).

Quantification of PCV2d DNA in blood
No PCV2 genomic copies were detected in the sera of all four groups at the time of challenge. 
The PCV2 levels of the G1, G2, and NC animals were significantly lower (p < 0.05) than that 
of the 2dC animals from 1 to 3 WPC. Genomic copies of PCV2 were not detected in the sera 
from the G1 and NC animals (Fig. 2A).
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Table 2. Clinical signs of SPF pigs after the challenge with Porcine Circovirus 2d
Group Clinical signs 0 WPC (4 WPV) 1 WPC (5 WPV) 2 WPC (6 WPV) 3 WPC (7 WPV)
G1 (PCV2b+MHP) 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 (PCV2d+MHP) 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

2dC 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

NC 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

WPC, wk post challenge; WPV, wk post vaccination; PCV2b, porcine circovirus type 2b; MHP, Mycoplasma hyopneumoniae; PCV2d, porcine circovirus type 2d; G1, 
Myco-X PCV2d challenge (Myco-X-vaccinated); G2, Myco-XD PCV2d challenge (Myco-XD-vaccinated); 2dC, PCV2d challenge control (unvaccinated challenged); 
NC, negative control (unvaccinated unchallenged).
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Fig. 1. Bodyweight changes. (A) Mean body weight. (B) Average daily weight gain between 4 to 7 WPV in the different groups. 
WPV, wk post-vaccination; PCV2d, porcine circovirus type 2d; G1, Myco-X PCV2d challenge (Myco-X-vaccinated); G2, Myco-XD PCV2d challenge (Myco-XD-
vaccinated); 2dC, PCV2d challenge control (unvaccinated challenged); NC, negative control (unvaccinated unchallenged). 
aDifferent superscripts indicate a significant difference (p < 0.05) between groups.
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Quantification of PCV2d DNA in nasal swabs
No PCV2 genomic copies were detected in the sera of the four groups before the challenge. 
The PCV2 levels of the G1, G2, and NC animals were significantly lower (p < 0.05) than that of 
the 2dC animals at 3 WPC. Genomic copies of PCV2 were not detected in the serum samples 
from the G1 and NC animals (Fig. 2B).

Serology for PCV2
All pigs in the four groups were seronegative at the time of vaccination (3 wk of age; 0 WPV). 
Anti-PCV2 IgG were detected in the vaccinated challenged (G1 and G2) animals from 2 WPV, 
and the levels were significantly higher (p < 0.05) than that of the unvaccinated (2dC and NC) 
animals from 5 to 7 WPV (Fig. 3A).

Serology for MHP
All pigs in the four groups were seronegative at the time of vaccination (3 wk of age; 0 WPV). 
Anti-MHP IgG were detected in the vaccinated challenged (G1 and G2) animals from 2 WPV, 
and the levels were significantly higher (p < 0.05) than that of the unvaccinated (2dC and NC) 
animals from 4 to 7 WPV (Fig. 3B).

PCV2d-specific IFN-γ
An increase in PCV2d-specific IFN-γ was maintained until the end of the test in the 
vaccinated challenged (G1 and G2) pigs, starting with a sharp increase from 3 WPV. The 
PCV2d-specific IFN-γ levels of G1 and G2 pigs were significantly higher (p < 0.05) than that of 
the unvaccinated (2dC and NC) pigs from 3 to 7 WPV (Fig. 4).

Macroscopic lung lesion scores
The lung lesions are summarized in Table 3. The lung lesion scores of the G1, G2, and 
NC pigs were significantly lower (p < 0.05) than that of the 2dC pigs. Severe interstitial 
pneumonia was observed in the 2dC pigs (Fig. 5).
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Fig. 2. Quantification of PCV2 DNA. (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. 
PCV2, porcine circovirus type 2; PCV2d, porcine circovirus type 2d; G1, Myco-X PCV2d challenge (Myco-X-vaccinated); G2, Myco-XD PCV2d challenge (Myco-XD-
vaccinated); 2dC, PCV2d challenge control (unvaccinated challenged); NC, negative control (unvaccinated unchallenged). 
aDifferent superscripts indicate a significant difference (p < 0.05) between groups.
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Microscopic lesions
The lesions in the lungs, tonsils, and inguinal lymph nodes are presented (Table 3). Microscopic 
lesions were not found in the lungs of the NC animals except that one animal showed 
mild peribronchiolar and perivascular inflammatory cell infiltration. Peribronchiolar and 
perivascular inflammatory cell infiltration and alveolar wall thickening were observed mainly 
in the lungs of the vaccinated challenged (G1 and G2) animals at minimal to mild levels. In 
contrast, the lung lesions in the 2dC animals were accompanied by severe damaging reactions. 
Histopathological changes indicative of PCV2 infection were not identified in the tonsils and 
inguinal lymph nodes of the G1, G2, and NC pigs. On the other hand, in the 2dC pigs, lymphoid 
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depletion and histiocytic replacement in the lymphoid follicles were observed in the tonsils 
and inguinal lymph nodes at mild to severe levels. In addition, basophilic intracytoplasmic viral 
inclusion antibodies were observed in all the tonsils and lymph nodes of 2dC pigs except for the 
tonsil of one animal (Fig. 6).

PCV2 antigen Immunohistochemistry
The presence of PCV2 in lungs, tonsils, and inguinal lymph nodes are shown (Table 3). The 
PCV2 antigen was not detected in the lungs, tonsils, and inguinal lymph nodes of the NC 
animals. The PCV2 antigen was not detected in the lungs of the vaccinated challenged (G1 
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Dorsal view

Ventral view

A B DC

Fig. 5. Gross lung lesions in lungs in different groups. (A) G1, (B) G2, (C) 2dC, and (D) NC groups. 
PCV2d, porcine circovirus type 2d; G1, Myco-X PCV2d challenge (Myco-X-vaccinated); G2, Myco-XD PCV2d challenge (Myco-XD-vaccinated); 2dC, PCV2d challenge 
control (unvaccinated challenged); NC, negative control (unvaccinated unchallenged).

Table 3. Gross scoring of lung lesions and histopathological findings in the lungs, tonsils, and lymph nodes of SPF pigs challenged with porcine circovirus 2d
Group Gross lung lesions* Histopathology PCV2 antigen∥

Lung† Tonsil‡ Lymph node§ Lung Tonsil Lymph node
G1 (PCV2b+MHP) 12.00 ± 4.97a,b miPP (4/4) None None 0/4 0/4 0/4
G2 (PCV2d+MHP) 32.75 ± 27.83a miPP (4/4) None None 0/4 1/4 0/4
2dC 98.75 ± 2.50c miPP (2/4) LD (4/4) LD (4/4) 3/4 3/4 4/4

moPP (2/4) IB (3/4) IB (4/4)
NC 0.75 ± 0.50b miPP (1/4) None None 0/4 0/4 0/4
PCV2d, porcine circovirus type 2d; PCV2, porcine circovirus type 2; PCV2b, porcine circovirus type 2b; MHP, Mycoplasma hyopneumoniae; G1, Myco-X PCV2d 
challenge (Myco-X-vaccinated); G2, Myco-XD PCV2d challenge (Myco-XD-vaccinated group); 2dC, PCV2d challenge control (unvaccinated challenged); NC, 
negative control (unvaccinated unchallenged); LD, lymphoid depletion and histiocytic replacement in the lymphoid follicles; IB, basophilic intracytoplasmic viral 
inclusion bodies in lymph nodes.
a,b,cSignificantly differences (p < 0.05) between groups are indicated by different superscripted lower-case letters.
*Lung lesion score ranged from 0 to 12.5 depending on the lobes.
†The presence of mild or moderate peribronchiolar and perivascular inflammatory cell infiltration in the lungs.
‡The presence of lymphoid depletion and histiocytic replacement in the lymphoid follicles, and basophilic intracytoplasmic viral inclusion bodies in the tonsils.
§The presence of lymphoid depletion and histiocytic replacement in the lymphoid follicles, and basophilic intracytoplasmic viral inclusion bodies in the lymph nodes.
∥The presence of PCV2 antigen in different tissue.
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and G2) animals. In contrast, the PCV2 antigen was detected in the lungs of three of the 2dC 
animals. The PCV2 antigen was not detected in the tonsils and inguinal lymph nodes of the 
G1 and G2 animals except for the tonsil of one animal in the G2 group. On the other hand, 
the PCV2 antigen was detected in the tonsils, and inguinal lymph nodes of 2dC animals 
except for the tonsil of one animal (Fig. 7).

DISCUSSION

An experimental challenge study is essential for evaluating and comparing the efficacy of new 
vaccines. This study confirmed that two newly developing bivalent vaccines of PCV2 and MHP 
could effectively protect pigs from PCV2d challenge. In particular, Myco-X containing PCV2b 
demonstrates itself to cross-protect against PCV2d challenge, which is the most prevalent 
genotype worldwide.

Both humoral and cell-mediated responses are important for assessing the efficacy of new 
bivalent vaccines. Pigs vaccinated with Myco-X or Myco-XD produced anti-PCV IgG and 
PCV2d-specific IFN-γ through successful immune responses. Both immunological responses 
reduced the 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 interference between 
them. On the other hand, the two bivalent vaccines induced anti-PCV2 IgG, PCV2d-specific 
IFN-γ, and anti-MHP IgG and reduced the clinical signs, viremia, nasal shedding, and lung, 
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Fig. 6. Histopathological findings in the lungs, tonsils, and lymph nodes in different groups (H&E ×100). (A) G1, (B) G2, (C) 2dC, and (D) NC groups. 
PCV2d, porcine circovirus type 2d; G1, Myco-X PCV2d challenge (Myco-X-vaccinated); G2, Myco-XD PCV2d challenge (Myco-XD-vaccinated); 2dC, PCV2d challenge 
control (unvaccinated challenged); NC, negative control (unvaccinated unchallenged).
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tonsil, and lymphoid lesions. The results showed no interference between the antigens in 
those two bivalent vaccines.

There is no reliable correlation between humoral immune response and protection against 
MHP [35,36]. In this study, however, vaccinated animals seroconverted after vaccination 
while immunized animals with another company’s bivalent vaccine seroconverted only after 
the MHP challenge in a previous study [37].

The microscopic lesions caused by PCV2d challenge showed the following: a moderate degree 
of peribronchiolar and perivascular inflammatory cell infiltration; moderate to severe degree 
of congestion and edema in the interlobular septa; minimal to mild hemorrhage in the lungs; 
moderate to some degree of lymphoid depletion; histiocytic replacement in the lymphoid 
follicles; the presence of basophilic intracytoplasmic viral inclusion bodies in tonsil and lymph 
nodes in the 2dC pigs. An 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 2dC pigs.

Both bivalent vaccines of PCV2 and MHP could protect pigs against PCV2d despite only four 
animals per group being used. Field trials with a large number of pigs per group will be needed 
to confirm the vaccine efficacy. In addition, when MHP infection precedes a PCV2 infection, it 
contributes to the severity of the PCV2-associated lesions [34]. Further studies on the efficacy 
of these new vaccines against MHP challenge and PCV2d/MHP co-challenge will be needed.

Most commercially available PCV2 vaccines in the market are made of the PCV genotype 2a, 
and they often result in vaccine failure because of PCV2d infection. It is speculated that it is 
caused by the genotype difference between the vaccine strain and virulent field strain. On 
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Fig. 7. Immunohistochemistry of PCV2 antigen in the lungs, tonsils, and lymph nodes in different groups (×200). (A) G1, (B) G2, (C) 2dC, and (D) NC groups. 
PCV2, porcine circovirus type 2; PCV2d, porcine circovirus type 2d; G1, Myco-X PCV2d challenge (Myco-X-vaccinated); G2, Myco-XD PCV2d challenge (Myco-XD-
vaccinated); 2dC, PCV2d challenge control (unvaccinated challenged); NC, negative control (unvaccinated unchallenged).
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the other hand, this study differed from other studies [22,23], which might be related to the 
formula of the vaccines.

Overall, these two newly developing bivalent vaccines of PCV2 and MHP can protect pigs 
from PCV2d, assist pig practitioners and producers in reducing the number of vaccinations in 
pigs, and are expected to control two economically significant diseases, PCV2d infection and 
enzootic pneumonia.

SUPPLEMENTARY MATERIAL

Supplementary Fig. 1
Gross pig lung lesion scoring system (100 points) and area (bars) where sections were taken 
for microscopic examination.

Click here to view
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