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Introduction: As a prevalent swine pathogen worldwide, Mycoplasma hyorhinis (M. hyorhinis, Mhr) is associated with various diseases, including multiple serositis, pneumonia, arthritis, and otitis media. It is also linked to the porcine respiratory disease complex (PRDC).

Methods: M. hyorhinis prevalence in 2022 Chinese lung samples was assessed by species-specific PCR, followed by isolation and purification of field strains, followed by genetic characterization via multilocus sequence typing (MLST). Pathogenicity evaluation of three isolates (ZZ-1, GD-1 and AH-1) was evaluated using controlled piglet infection trials.

Results: Mhr detection in clinical lung samples showed 31.77% prevalence. Three isolates (ZZ-1/ST166, GD-1/ST167, AH-1/ST144) were characterized by MLST. Piglet infection trials confirmed Mhr-induced polyserositis, pneumonia, and arthritis, with strain-dependent virulence variation observed.

Discussion: This study confirms M. hyorhinis as a high-prevalence pathogen (31.77%) in Chinese swine herds. Animal infection models demonstrated virulence variation among different Mhr strains. These findings contribute to identifying and assessing the threats posed by different strains to pig health, guiding the development of clinical prevention and control strategies.
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1 Introduction

Mycoplasma hyorhinis (M. hyorhinis, Mhr) is a globally prevalent swine pathogen that has been largely understudied. While it is a common respiratory bacterium, most pigs colonized with Mhr exhibit no apparent clinical symptoms (1, 2). However, Mhr can cause various diseases, including swine multiple serositis, pneumonia, pericarditis, pleuritis, arthritis, conjunctivitis, and otitis media (3–11). Recent studies have shown that Mhr is also associated with meningitis and endocarditis (12–14). It is also recognized as a contributing pathogen in the porcine respiratory disease complex (PRDC) (15, 16). The prevalence of Mhr varies geographically and between herds. In this respect, in Switzerland, 10% of lung tissues from pigs with pneumonia tested positive for Mhr, while in the United States, PCR testing revealed that up to 98% of weaned piglets were positive (17). Mhr can cause enzootic pneumonia (EP) independently, although Mycoplasma hyopneumoniae is the primary pathogen associated with EP (4, 18–21). Mhr colonizes the ciliated epithelium of the respiratory tract and can typically be isolated from nasal secretions, tonsils, or bronchoalveolar lavage fluid (BALF) (9, 22, 23). Some researchers have also isolated Mhr from lung tissue (4, 24).

Clinical symptoms typically manifest in piglets between 3 and 10 weeks of age, although older pigs can occasionally be affected (25). In younger piglets, infection can lead to emaciation and reduced daily weight gain (26). Infected pigs may exhibit lethargy, decreased appetite, lameness, and dyspnea (5, 22). The primary anatomical and pathological findings include polyserositis and arthritis, with occasional occurrences of pneumonia (4, 27, 28).

It has been hypothesized that systemic dissemination plays a crucial role in M. hyorhinis-associated diseases (29–31). However, the precise mechanisms underlying the systemic dissemination of Mhr, leading to conditions such as polyserositis and arthritis, remain poorly understood. Some researchers propose that co-infection with other pathogens and stress factors may promote the systemic spread of Mhr (6, 31). Several in vivo infection studies involving various field isolates of Mhr have been conducted (4, 22), indicating that strains with different virulence levels exhibit varying pathogenic potentials.

To investigate the prevalence of Mhr in clinical lung tissue in China, 1,001 lung tissue samples were collected from 25 provinces in 2022 and analyzed using a specific qPCR assay targeting the p37 gene. Three Mhr strains were successfully isolated and purified from these samples. An Mhr infection model was established in piglets through multiple routes of infection to assess the virulence of different strains and to investigate whether all Mhr strains isolated from lung tissue exhibit pathogenicity. This study also provides a foundation for further research into the pathogenic mechanisms of Mhr.



2 Materials and methods


2.1 Identification of Mycoplasma hyorhinis in pig lung samples

Clinical samples randomly collected from pig farms across various regions of China in 2022 were processed for DNA extraction using an Automatic total DNA extraction machine (Vazyme, China) and analyzed using specific qPCR to detect Mhr, as described in a previous study (32). Mhr presence in a sample was confirmed when the qPCR results targeting the P37 gene showed a Ct value of ≤35. The primer and probe sequences were as follows: Forward primer 5′-AGAAGGTTCTTTTGCTTGAACACA-3′, Reverse primer 5′-TGCTTCCATCTTTTCATTTGCTT-3′, and Probe 5′-FAM-ATCAGCAACAAAACCTT-MGB-3′. The PCR master mix consisted of 10 μL 2 × Taq Master Mix (Vazyme, China), 0.8 μL of primer, 0.2 μL of probe, and 9 μL of DNA. PCR conditions were as follows: 37°C for 2 min, 95°C for 5 min, and 45 cycles of 95°C for 10 s and 55.9°C for 30 s.



2.2 Isolation and purification of Mycoplasma hyorhinis


2.2.1 Methods for the isolation and purification of Mycoplasma hyorhinis

Sampling was performed at the lesion margins of fresh lung tissue to optimize Mhr isolation. Approximately 2.0 grams of each sample was collected, finely minced in a biosafety cabinet, and placed in a 2.0 mL centrifuge tube with an equal volume of PBS buffer. After grinding at 60 Hz for 5 min, the homogenate was centrifuged at 3000 rpm for 3 min. The supernatant was filtered through a 0.45 μm filter, transferred to Friis medium, and incubated at 37°C. Once the broth culture changed color, 100 μL of the culture was spread evenly onto a solid medium and incubated at 37°C. Individual colonies were picked and purified by inoculating them into liquid broth. Pure cultures were obtained after three rounds of purification on solid plates.

The isolates were identified using regular PCR targeting the P37 gene and 16S rRNA with Mycoplasma genus-specific primers. The primer sequences were as follows: P37 forward primer 5′-TTGCTCAAAAAATTTAAAAATTT-3′, P37 reverse primer 5′-AACAAAAATTTTATTAATTTCTTTA-3′; 16S rRNA forward primer 5′-GATGAACGCTCGCTGTGTGCCTA-3′, 16S rRNA reverse primer 5′-CTTCACCCCTGTCATCAGTCCT-3′. The PCR master mix consisted of 12.5 μL 2 × Rapid Taq Master Mix (Vazyme, China), 2 μL of each primer, 2 μL of DNA template, and 8.5 μL of ddH2O. PCR conditions were as follows: initial denaturation at 95°C for 3 min, followed by 30 cycles of denaturation at 95°C for 15 s, annealing at 52°C for 15 s, and extension at 72°C for 15 s, with a final extension at 72°C for 5 min.



2.2.2 Multilocus sequence typing (MLST) analysis

To determine the genotypes of Mhr isolates in this study, a PCR-based MLST analysis was employed. Primers for six housekeeping genes (adk, gmk, gltX, rpoB, dnaA, gyrB) were synthesized following established protocols, referencing Jolley et al. (33). Following MLST analysis, the housekeeping gene sequences were uploaded to the same website to obtain allele values and assign sequence types (STs) for the six genes (34). A list of oligonucleotide primers used to amplify and sequence Mhr MLST can be found in Additional File 1.




2.3 Animal experiment


2.3.1 Bacterial strain preparation and animal grouping

To explore the diversity in virulence among different M. hyorhinis strains, three field isolates with high and stable growth titers were selected for virulence evaluation. These isolates were obtained from the lung tissues of pigs in Hunan (ZZ-1 strains), Guangdong (GD-1 strains), and Anhui (AH-1 strains) provinces in China, with titers reaching 1010 to 1011 CCU/mL.

Twelve four-week-old hybrid piglets, free of Mhr and M. hyopneumoniae (Mhp) infection, were randomly divided into four groups: three infection groups (n = 3 each) and one negative control group (n = 3). Pigs in the infection groups were inoculated with one of three Mhr strains, while the control group received Friis medium. To ensure fresh infection material, purified Mhr isolates were prepared 24 h before inoculation. The medium was used directly for inoculation once its color turned orange-yellow, and the viable cell count of Mhr was determined using the color-changing unit (CCU) method (26).



2.3.2 Infection procedure

A simultaneous inoculation strategy through multiple routes was employed for 4-week-old piglets. Each pig in the infection groups received a total of 10 mL of Mhr broth (4 mL intrapulmonary, 4 mL intraperitoneal, and 2 mL intranasal), with the viable cell count determined on the inoculation day. The negative-control group received the same volume of Friis medium administered via the same routes. Twenty-eight days post-infection, all pigs were euthanized and necropsied.



2.3.3 Clinical symptom observation

Daily clinical observations were conducted from 3 days before inoculation (−3 dpi) to 28 days post-infection (28 dpi) to monitor signs of abnormal respirations, cough, and lameness. A clinical scoring system, adapted from the literature (26) (Additional File 2), was used to assess clinical severity. Body temperatures and weights were monitored throughout the observation period to assess the pigs’ overall health and response to infection.



2.3.4 Histopathological observation

At 28 dpi, all pigs were euthanized via intramuscular injection of Xylazine Hydrochloride (0.2 mg/kg) followed by exsanguination until cardiac arrest. Limb joints were examined for signs of arthritis, while abdominal and thoracic cavities, including the pericardium, were inspected for serositis. Lung tissues were assessed for lesions, and lesion severity was scored based on criteria established in previous studies (22, 26, 35), as detailed in Additional File 3. Lung tissue samples with lobulated or patchy consolidation were collected for tissue fixation, sectioning, and hematoxylin–eosin (HE) staining. Pathological histological changes were observed microscopically.

Tissue samples, including myocardium, pericardial membrane, pericardial fluid, pleural effusion, lung, hilar lymph nodes, tonsils, abdominal effusion, and joint fluid, were tested for Mhr using PCR targeting the P37 gene (550 bp). Mhr was re-isolated from positive tissue samples, and the isolates were subjected to MLST typing to confirm strain identity.

The experiment was approved by the Animal Experimental Ethical Inspection of the Laboratory Animal Centre, Huazhong Agriculture University, under reference number HZAUSW-2024-0079.




2.4 Statistical analysis

To compare the virulence of three Mhr isolates, statistical analysis was performed on body temperature, average daily weight gain (ADWG), clinical observation scores (abnormal respirations, cough, lameness, and summary score), and postmortem observation scores (peritonitis, pleuritis, pericarditis, arthritis, pneumonia, and summary score). Data were presented as the mean ± standard deviation (SD). ADWG data were analyzed using a one-way analysis of variance (ANOVA) with effect size analysis for selected pairs. Statistical significance was set at p < 0.05.




3 Results


3.1 The positivity rate of Mycoplasma hyorhinis in clinical lung samples

Mycoplasma hyorhinis-specific qPCR was performed on 1,001 clinical lung tissue samples collected from 25 provinces in China during 2022. Among these, 13.1% were from Sichuan, 11.4% from Guangdong, 9.8% from Henan, 7.9% from Guangxi, 7.7% from Shaanxi, and 5.1% from Shandong, with the remaining 45.1% originating from 19 other provinces. Among provinces with over 30 samples, Jiangsu exhibited the highest positivity rate for Mhr (40.00%), followed by Hubei (36.73%). Conversely, Anhui and Chongqing had the lowest positivity rates (12.90 and 18.18%, respectively) (Table 1). The highest number of samples were collected in September (253) and October (212), while the fewest were collected in November (32). The positivity rate of Mhr peaked in April (63.75%), May (40.18%), and August (39.36%), and was lowest in January (17.65%), February (29.55%), March (14.15%), and November (18.75%) (Figure 1).



TABLE 1 Province-based summary of data collection.
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FIGURE 1
 Month-based summary of data collection.




3.2 Isolation, purification, and sequence typing (ST) of Mycoplasma hyorhinis

Three strains of M. hyorhinis were isolated and purified: ZZ-1, GD-1, and AH-1. After 12–20 h of incubation, the isolates turned the liquid media from red to yellow without visible turbidity. The titers of the three strains reached 1 × 109 to 1 × 1011 CCU/ml. On solid media, all strains formed characteristic “fried egg” colonies (Figure 2A). PCR amplification confirmed the presence of the Mhr-specific P37 gene (550 bp) and 16S rRNA gene (1,450 bp) in all three strains (Figure 2B). No exact matches were found for all loci of the ZZ-1 strain in the PubMLST database. New sequences were submitted to the database, and new allele profiles were created, assigning novel ST numbers to their respective allele combinations. Ultimately, the three isolated strains were identified as ST 166 (ZZ-1), ST 167 (GD-1), and ST 144 (AH-1), respectively, which were used in subsequent experiments (Table 2).

[image: Figure 2]

FIGURE 2
 Identification of M. hyorhinis isolates. (A) Colony morphology of the three Mhr strains on solid media (40×), exhibiting similar “fried egg” colonies. (a) ZZ-1 strains; (b) GD-1 strains; (c) AH-1 strains; (d) Transmission electron microscopy (TEM) image of Mhr ZZ-1 strain (Scale bar: 1 μm). The image reveals the typical pleomorphic structure of the Mycoplasma genus, with the cell wall-lacking structures with a granular interior. (B) PCR identification of Mhr targeting the P37 gene (550 bp) and 16S rRNA gene (1450 bp). M, DNA marker; lane 1–3, ZZ-1 strain, GD-1 strains and AH-1 strains’ P37 gene amplification; lane 4, negative control; lane 5, positive control (P37 gene); lane 6–8, ZZ-1 strain, GD-1 strains and AH-1 strains’ 16S rRNA gene amplification; lane 9, negative control; lane 10, positive control (16S rRNA gene).




TABLE 2 Genotyping of the Mhr strains by MLST.
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3.3 Clinical symptom observations

The viable cell counts of three fresh Mhr strains were determined using the CCU method, and piglets were infected with a total dose of 5 × 108 CCU/pig for the ZZ-1 strain and 5 × 109 CCU/pig for the GD-1 and AH-1 strains. Following infection, all three groups exhibited a transient increase in body temperature. The AH-1 strain group peaked at 40.5°C at 2 dpi, the ZZ-1 strain group reached 40.8°C at 2 or 5 dpi, and the GD-1 strain group peaked at 40.7°C at 2 dpi. By 7 dpi, body temperatures in all groups had returned to normal, with no fluctuations exceeding 1.0°C thereafter. In contrast, the control group showed only one piglet reaching 40°C at 5 dpi, with no other temperature abnormalities observed throughout the study (Figure 3A).

[image: Figure 3]

FIGURE 3
 Clinical symptom observation. (A) Body temperature of piglets after infection. Temperatures were monitored daily, with peak temperatures at 2 dpi for all infection groups. At 7 dpi, body temperatures in all groups returned to below 40°C. The control group exhibited no significant temperature abnormalities throughout the study. (B) Average daily weight gain (ADWG) during the 28-day experimental period. Data are presented as mean ± standard deviation (SD). The ZZ-1 strain and AH-1 strain groups showed lower ADWG than the control group, while the GD-1 strain group displayed no significant difference in ADWG compared to the control group. (C) Total clinical observation scores of each group. Data are expressed as mean ± standard deviation (SD). Total scores in ZZ-1 and AH-1 strain groups were significantly increased compared to that in the control group, for which no signs of pathological changes were detected (*p < 0.05). (D) Abnormal respiration, cough, and lameness scores of each group. (E) Swollen joints observed in the ZZ-1 strain group. (F) Persistent and pronounced lameness in the ZZ-1 strain group.


During the 28-day experimental period, the ADWG was 0.07 ± 0.0694 kg for the ZZ-1 strain group, 0.18 ± 0.0082 kg for the GD-1 strain group, 0.08 ± 0.0478 kg for the AH-1 strain group, and 0.17 ± 0.0478 kg for the control group. The ADWG in the ZZ-1 and AH-1 strain groups was lower than that of the control group. However, no significant difference in ADWG was observed between the GD-1 strain group and the control group (Figure 3B). Notably, both the ZZ-1 and AH-1 strain groups included one piglet (Z3 and A2, respectively) whose ADWG did not meet expectations. This discrepancy may be attributed to a relatively large initial age, leading to a faster growth rate, or individual differences in pathogen tolerance, resulting in abnormal weight gain compared to group peers. Although the ANOVA p-value did not indicate statistical significance (p-value > 0.05), effect size analysis revealed a relatively high effect size (η2 = 0.507), suggesting that group differences account for 50.7% of the total variance.

No clinical signs of Mycoplasma hyorhinis infection, such as respiratory distress, coughing, or lameness, were observed in the control group. In contrast, all three infection groups exhibited abnormal respiration, with at least two piglets affected in each group. The ZZ-1 and AH-1 strain groups displayed more severe respiratory symptoms than the GD-1 strain group (Figure 3D). Moderate coughing was observed in one piglet from each infection group (Figure 3D). Coughing began at 14 dpi and persisted until euthanasia in four piglets (Z1, G2, A1, A2).

All piglets in the ZZ-1 and AH-1 strain groups exhibited varying degrees of lameness, with the ZZ-1 strain group displaying higher lameness scores (Figure 3D). Joint swelling, particularly in the tarsal joints, was a common observation (Figure 3E). One piglet (Z1) from the ZZ-1 strain group displayed joint swelling in three limbs, while two piglets (G7, G8) from the GD-1 strain group also exhibited swollen joints. Joint swelling was first detected as early as 5 dpi (Z3, A8) and as late as 21 dpi (Z2). Notably, one piglet (Z3) from the ZZ-1 strain group developed severe lameness, characterized by an inability to stand or walk normally, bearing no weight on both hind limbs, and adopting a dog-sitting posture. This piglet could only walk a few steps with manual assistance, and the lameness remained visibly severe (Figure 3F). No lameness was observed in the GD-1 strain group.

During the entire monitoring period, the ZZ-1 and AH-1 strain groups (5.00 ± 1.41 and 4.00 ± 1.63, respectively) exhibited significantly higher clinical scores than the control group (0.00 ± 0.00, p < 0.05) (Figure 3C). The GD-1 strain group (1.33 ± 1.25) did not show a significant difference in clinical scores compared to the control group.



3.4 Histopathological observation

No postmortem signs of disease were observed in the control group. In contrast, pigs in the infection groups exhibited pleuritis, pericarditis, peritonitis, arthritis, and pneumonia, which were documented and scored (Figures 4A–F). The number of animals exhibiting pathological manifestations was quantified (Figure 4G).
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FIGURE 4
 Postmortem observation scores of each group. (A) Peritonitis scores of each group. (B) Pleuritis scores of each group. (C) Pericarditis scores of each group. (D) Arthritis scores of each group. (E) Pneumonia scores of each group. (F) Total Postmortem observation scores of each Group. 9.33 ± 0.47, 1.00 ± 0.82, 8.67 ± 2.62, 0.00 ± 0.00 in ZZ-1, GD-1, AH-1 strain groups and control group, respectively. Data are presented as the mean ± SD. *p < 0.05; **p < 0.01; ***p < 0.001. (G) Number of positive animals.


All pigs in the ZZ-1 strain group exhibited varying degrees of pericarditis and arthritis, ranging from moderate to severe. The pericarditis was characterized by diffuse, severe fibrinous inflammation, pericardial exudate between the heart and pericardium, and significant pericardial thickening. Additionally, increased pericardial effusion was observed (Figures 5A–C). All pigs in this group also displayed moderate to severe arthritis, marked by significant swelling and enlargement of the joint capsule, increased joint fluid, and, in one case (Z2), cheese-like exudate (Figure 5F). One pig (Z1) developed severe pleuritis characterized by diffuse, severe fibrinous pleuritis with thoracic exudate, with most lung lobes adhered to the parietal pleura and interlobar adhesions (Figure 5D). One pig in the ZZ-1 strain group also developed peritonitis, manifesting as a few fibrinous adhesions and yellow cheese-like material in the abdominal cavity (Figure 5E).

[image: Figure 5]

FIGURE 5
 Pathological changes caused by M. hyorhinis infection. (A) Pericarditis: the arrow indicates the thickening of the pericardium, increased pericardial effusion, and cheese-like exudate between the heart and pericardium. (B) Pericarditis: the arrow highlights a close adhesion between the pericardium and the heart. (C) Pneumonia: the arrow highlights the shrimp-like lung lesions observed on the dorsal side. (D) Pleuritis: the arrow shows fibrinous adhesions between the lung lobes and pleura. (E) Peritonitis: the arrow highlighting the cheese-like exudate in the abdominal cavity. (F) Arthritis: the arrow points to the abnormal synovial membrane with cheese-like exudate in the articular cavity. (G) H&E-stained hepatization-lung tissue of ZZ-1 strain group (Z1), showing obscured or absent alveolar structure, alveolar spaces filled with fibrinous exudates, accompanied by extensive inflammatory cell infiltration and thickened alveolar septa. (H) Lung tissue of control group (C11), showing intact alveolar structure, clear alveolar spaces, thin alveolar septa, and minimal inflammatory cell presence.


In the AH-1 strain group, one pig developed moderate to severe polyserositis (including pleuritis, pericarditis, and peritonitis) and arthritis (A7), another developed moderate pericarditis and severe arthritis (A8), and a third developed severe pericarditis and arthritis (A9). The GD-1 strain group exhibited significantly lower severity scores than the other two infection groups, although increased pericardial fluid accumulation was observed. Notably, pneumonia symptoms were found in at least one pig from each of the three infection groups. Moderate pulmonary consolidation was observed in two pigs from the ZZ-1 strain group (Z1, Z2) and one from the AH-1 strain group (A9). Additionally, pigs Z3, G4, A7, and A8 showed slight consolidation of lung injury.

Histopathological examination of hepatized pig lung tissue, stained with H&E, revealed significant deviations from normal lung architecture. The alveolar spaces were extensively filled with fibrinous exudate, obscuring or destroying the normal structure and creating a solid, liver-like appearance. A pronounced inflammatory response was evident, characterized by heavy infiltration of inflammatory cells, primarily neutrophils and macrophages, within both the alveolar spaces and septa. The alveolar septa were thickened due to interstitial edema, and blood vessels were often dilated and congested. Additionally, extravasated erythrocytes were observed within the alveoli. These findings collectively indicate severe lung tissue inflammation and damage (Figures 5G,H).

Mhr was detected in various tissue samples, including myocardium, pericardial membrane, pericardial fluid, pleural effusion, lung, hilar lymph nodes, tonsil, abdominal effusion, and joint fluid, from the infected groups. The bacteria were successfully re-isolated from all three infection groups (Additional File 4). MLST analysis confirmed that the re-isolated strains had the same sequence types as the original infection strains.

Significant differences in postmortem observations and scores were observed between the three infection groups (p < 0.05), indicating varying virulence among the strains. The ZZ-1 strain was the most virulent, consistent with clinical observations.




4 Discussion

Mycoplasma hyorhinis has a high prevalence in various countries and regions worldwide. In the United States, approximately 40% of sows tested positive for Mhr and M. hyosynoviae (36). Additionally, a study found Mhr in up to 97% of 2,710 oral fluid and feces samples (37). Silva et al. examined Mhr in pig tissue samples in the United States from 2017 to 2022, finding a positive rate of 57% (4578/8069), primarily in serosal fibrin and joint samples. Mhr-associated serositis increased annually by 4.2% (38). Similarly, in Austria, Renzhammer et al. analyzed 1,975 samples collected between 2016 and 2021, with Mhr having the highest detection rate, reaching 55.1% (39).

Generally, the samples analyzed primarily originate from upper respiratory tract swabs, joint fluid, and serous membranes, while researchers often prioritize examining lung tissues for M. hyopneumoniae. In this study, the positivity rate of Mhr was 31.77% among 1,001 lung samples collected from China in 2022. Additionally, the study observed that the positivity rate of Mhr was highest in April, May, and August (63.75, 40.18, and 39.36%, respectively), while rates were lower in January, February, March, and November (17.65, 29.55, 14.15, and 18.75%, respectively). A province-based analysis revealed that Jiangsu had the highest positivity rate of Mhr (40.00%), followed by Hubei at 36.73%. These findings suggest a correlation between the positivity rate of Mhr and both seasonal factors (or temperature) and geographical regions.

Currently, the full extent of Mhr’s pathogenic potential remains uncertain. Some studies that used intranasal or tonsillar inoculation did not observe clinical symptoms or visible lesions (40, 41). This suggests that a single-dose intranasal inoculation may not be sufficient to induce all typical lesions, and multiple inoculation routes may be more suitable for establishing a challenge model (4, 26, 42–44). This study established piglet infection models by inoculating them via multiple routes and assessed clinical symptoms and histopathological changes. All three strains used in the virulence study were isolated from lung tissue samples. We observed that piglets infected with Mhr experienced transient fever, and piglets infected with highly virulent strains showed a trend toward reduced ADWG, though the difference was not statistically significant. Additionally, some piglets displayed joint swelling, with severe cases leading to lameness. These clinical observations (fever, weight loss, and lameness) are consistent with previous studies (43, 45). The ZZ-1 and AH-1 strains induced typical and extensive symptoms in piglets, including pleuritis, peritonitis, pericarditis, arthritis, and pneumonia, which aligns with findings from Földi D and Martinson B et al. (26, 45). The pericarditis observed in piglets in our study was mainly serous and fibrinous, which aligns with the findings of Földi et al. (45). However, naturally infected piglets at a similar age typically show fibrinous pericarditis (5). This discrepancy may be due to differences in the age at infection or strain virulence. Given the limited number of reports, it is difficult to conclude whether pericarditis induced by coinfection and natural infection follows a consistent pattern. Notably, the three Mhr strains exhibited varying levels of virulence. Based on clinical observations and necropsy results, the ZZ-1 strain demonstrated the highest virulence, while the GD-1 strain exhibited the lowest, offering valuable insights into the pathogenicity of different Mhr strains and their impact on swine health. This study lays the groundwork for a database of high- and low-virulence strains, essential for virulence target screening and precise diagnostic development. Highly virulent strains may serve as ideal candidates for vaccine development, enabling the selection of effective and broadly protective vaccines, while also providing a basis for evaluating vaccine efficacy.

Moving forward, it is imperative to intensify our focus on Mhr. Strengthening the study of its pathogenicity and expanding the scope of epidemiological investigations is essential. This study, being a smaller-scale “pilot study,” aims to provide preliminary insights into the pathogenicity and virulence of Mhr strains, which will guide the design of larger, more comprehensive studies in the future. Additionally, establishing infection models with a broader range of strains and animals will deepen our understanding of its pathogenic mechanisms. Investigating the genetic differences between various strains from a molecular biology perspective will shed light on the underlying causes of these differences. Developing methods for the rapid differentiation of highly virulent and less virulent strains, coupled with advancing vaccine research, will be crucial for the effective prevention and control of Mhr-related diseases.



5 Conclusion

Overall, this study assessed the positive rate of Mhr in clinical lung samples from pigs, successfully isolated three wild strains of Mhr, and established infection models to evaluate their virulence. The results indicated that Mhr can cause multiple serositis, pneumonia, and arthritis in piglets, with notable differences in virulence among the various strains.
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Province No. of samples Proportion of samples No. of positive Proportion of positive
samples samples
Sichuan 131 13.09% 31 26.72%
Guangdong 114 11.39% 41 35.96%
Henan 98 9.79% 31 31.63%
Guangxi 79 7.89% 29 36.71%
Shaanxi 77 7.69% 24 31.17%
Shandong 51 5.09% 16 31.37%
Hubei 49 4.90% 18 36.73%
Shanxi 47 4.70% 12 25.53%
Hunan 39 3.90% 13 33.33%
Jiangxi 38 3.80% 12 31.58%
Jiangsu 35 3.50% 14 40.00%
Chongging 33 3.30% 6 18.18%
Anhui 31 3.10% 4 12.90%
Guizhou 30 3.00% 9 30.00%
Hebei 27 2.70% 9 33.33%
Liaoning 26 2.60% 9 34.62%
Fujian 21 2.10% 15 71.43%
Yunnan 20 2.00% 5 25.00%
Zhejiang 13 1.30% 3 23.08%
Inner Mongoria IM 11 1.10% 4 36.36%
Gansu 11 1.10% 5 45.45%
Xinjiang 8 0.80% 1 12.50%
Heilongjiang 7 0.70% 1 14.29%
Tianjin 4 0.40% 2 50.00%
Jilin 1 0.10% 1 100.00%
Total 1001 100% 318 31.77%
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