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ABSTRACT 

	This review aims to provide a comprehensive overview of the emerging roles of Mycoplasma and Ureaplasma species in veterinary medicine, focusing on their pathogenesis, diagnostic approaches, and control strategies. It highlights their clinical significance in companion animals, livestock, and wildlife, as well as their impact on reproductive and respiratory health. A narrative literature review was conducted by synthesizing current knowledge, diagnostic data, and reported trends associated with Mycoplasma and Ureaplasma infections in veterinary contexts. Literature published between 2000 and 2025 was reviewed from major scientific databases and veterinary diagnostic reports. Peer-reviewed publications, surveillance data, and case records addressing epidemiology, pathogenic mechanisms, host–pathogen interactions, diagnostic methods, and control strategies were systematically analyzed. Findings reveal that Mycoplasma and Ureaplasma infections are increasingly associated with reproductive disorders, respiratory diseases, and neonatal morbidity in a wide range of animal species. Co-infections with other pathogens are frequently reported, influencing disease progression and complicating diagnosis. Advances in molecular diagnostics have significantly improved detection sensitivity compared with conventional culture-based methods, although diagnostic challenges remain due to asymptomatic carriers and host-specific adaptations. Antimicrobial resistance is an additional concern, emphasizing the need for ongoing surveillance and updated treatment guidelines. Overall, Mycoplasma and Ureaplasma species are increasingly recognized as important veterinary pathogens with substantial clinical and economic implications. Early detection, improved diagnostic tools, and integrated management strategies are essential to mitigate their impact, and adopting a One Health approach is crucial to address their complex epidemiology, potential for cross-species transmission, and broader relevance to animal and public health.
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1. INTRODUCTION 

Mycoplasma and Ureaplasma species, members of the class Mollicutes, are among the smallest self-replicating prokaryotes, characterized by their lack of a cell wall, reduced genome size, and complex host–pathogen interactions [1,2]. These organisms are widely distributed across various animal species and are increasingly recognized as important pathogens in veterinary medicine. They are associated with a range of clinical conditions, particularly reproductive disorders, respiratory infections, infertility, and neonatal morbidity, leading to significant economic losses in livestock production and affecting animal welfare in companion animals and wildlife [3–5].
Despite their clinical importance, infections caused by Mycoplasma and Ureaplasma often remain underdiagnosed due to their fastidious growth requirements, slow replication, and the frequent presence of asymptomatic carriers [6].Moreover, these microorganisms possess remarkable abilities to evade host immune responses and develop antimicrobial resistance, further complicating disease control and treatment [7]. Their frequent occurrence in co-infections with other bacterial or viral pathogens contributes to increased disease severity and diagnostic complexity [8,9].
Traditional culture-based techniques, although historically fundamental for diagnosis, are limited by low sensitivity and extended incubation times [10]. Advances in molecular diagnostics, including polymerase chain reaction (PCR) and whole-genome sequencing, have significantly improved detection rates and deepened our understanding of their epidemiology and pathogenic mechanisms [11–13]. Nonetheless, substantial knowledge gaps remain regarding their role in disease pathogenesis, host specificity, and transmission dynamics.
This review aims to synthesize current knowledge on biology, pathogenicity, diagnostic advances, and control strategies of Mycoplasma and Ureaplasma in veterinary medicine. It highlights emerging trends, identifies critical knowledge gaps, and underscores the importance of adopting a One Health approach to better understand their epidemiological significance and potential zoonotic implications.


2. material and methods 
2.1. Studying Type
This is a qualitative narrative review that compiles and critically analyzes scientific evidence on Mycoplasma and Ureaplasma species of veterinary importance published between January 1995 and October 2025. The study aimed to describe their biology, diversity, epidemiology, pathogenic mechanisms, diagnostic approaches, host–pathogen interactions, antimicrobial resistance, and One Health implications. To ensure methodological rigor, the recommendations of the PRISMA 2020 guidelines were adapted as described by Page et al. (2021) and complemented by the principles outlined by Haddaway et al. (2022) and Peters et al. (2020), which emphasize transparency, reproducibility, and systematic literature synthesis.
2.2. Descriptors and Databases
The active literature search was conducted in the Scientific Electronic Library Online (SciELO), PubMed (National Library of Medicine), Virtual Health Library (VHL), Scopus, and Web of Science databases. Articles published between January 1995 and October 2025 in English, Spanish, and Portuguese were considered. The search strategy employed controlled descriptors and free-text terms, including “Mycoplasma,” “Ureaplasma,” “veterinary medicine,” “reproductive diseases,” “respiratory infections,” and “One Health,” as well as specific species names such as Mycoplasma bovis, Mycoplasma canis, Ureaplasma diversum, and Ureaplasma urealyticum. Boolean operators “AND” and “OR” were used to combine terms and refine the search, restricting results to documents containing all specified terms to optimize precision.
2.3. Inclusion and Exclusion Criteria
The inclusion criteria comprised peer-reviewed articles published between January 2000 and October 2025 in English, Spanish, or Portuguese that addressed Mycoplasma and Ureaplasma infections in veterinary medicine and their relevance within a One Health framework. Eligible studies focused on topics such as epidemiology, ecology, diagnostic approaches (e.g., culture, PCR, sequencing, MALDI-TOF), host–pathogen interactions, antimicrobial resistance, and disease management strategies. Original research articles, case reports, surveillance studies, and review papers relevant to these themes were included. Articles were excluded if they focused exclusively on human or plant pathogens without veterinary relevance, lacked sufficient methodological detail, or were not peer-reviewed. Abstracts, theses, editorials, and opinion papers were also excluded.
2.4. Search Strategy
The literature search strategy was designed to ensure a comprehensive and systematic identification of relevant studies on Mycoplasma and Ureaplasma. A total of 350 records were initially identified across the selected databases using predefined descriptors and Boolean combinations. After the removal of duplicate records and the application of inclusion criteria based on topical relevance, 64 articles were retained for full-text review. These articles underwent a detailed screening process to assess methodological quality, data completeness, and alignment with the review scope. Following this critical evaluation, 42 studies met all eligibility criteria and were included in the final qualitative synthesis. The selection process followed the PRISMA 2020 guidelines [14]
2.5. Summary of Results
The studies included in this review were systematically categorized based on pathogen species, host taxa, geographic distribution, diagnostic methods, and clinical outcomes. Key variables documented included publication year, authors, host species, host country, and identified pathogens. Figures were generated to illustrate the temporal distribution of research output on Mycoplasma and Ureaplasma, both globally and regionally, highlighting research trends and increasing scientific attention to these pathogens. Comparative analyses were also performed to demonstrate variations in pathogen diversity across different host groups (e.g., cattle, dogs, cats, wildlife) and their geographic distribution.





2.6. Active Search Flowchart
Figure 1- Identification of relevant studies on Mycoplasma and Ureaplasma
[image: A flowchart of information

AI-generated content may be incorrect.]

2.7 Geographic distribution

The geographic distribution of Mycoplasma and Ureaplasma species in veterinary medicine exhibits significant variability across regions, reflecting disparities in diagnostic capacity, surveillance infrastructure, livestock production practices, and research investment. Most of the available data originates from Europe and North America, where well-established diagnostic networks and long-term surveillance programs have facilitated large-scale epidemiological studies. In France, for instance, the Vigimyc surveillance network has played a pivotal role in monitoring Mycoplasma bovis infections in cattle, contributing to a detailed understanding of their prevalence, geographic spread, and antimicrobial resistance trends [15]. Similarly, in North America, M. bovis, M. hyopneumoniae, M. gallisepticum, and Ureaplasma diversum have been consistently documented in cattle, pigs, and poultry, where they are associated with major respiratory and reproductive syndromes[16]
In South America, U. diversum is widely distributed in cattle herds and has been strongly associated with reproductive losses, infertility, and decreased conception rates. Studies in Brazil report its high prevalence in the bovine reproductive tract and emphasize the challenges in controlling its transmission within breeding herds [4]. In addition, M. bovis and M. bovigenitalium have been identified in Argentina and Uruguay, contributing to respiratory disease complexes and reproductive tract infections. These findings underscore the importance of strengthening diagnostic infrastructure and surveillance efforts in Latin America to accurately assess disease dynamics and mitigate economic losses.
Asian countries have reported several Mycoplasma species across diverse livestock production systems. M. hyopneumoniae is considered endemic in swine herds in China, Korea, and Japan, where it is a leading cause of enzootic pneumonia and poses significant economic challenges [17]. In poultry production, M. gallisepticum and M. synoviae remain highly prevalent throughout South and Southeast Asia, with numerous outbreaks recorded in India, Bangladesh, and Thailand [18]. Despite increasing research output, the actual burden and genetic diversity of Mycoplasma and Ureaplasma species in these regions are underestimated due to limited diagnostic resources in many rural and small-scale production systems.
Although less studied, Africa, the Middle East, and Oceania also report the presence of Mycoplasma species in livestock and wildlife. Mycoplasma capricolum subsp. capripneumoniae, the causative agent of contagious caprine pleuropneumonia, is endemic in East Africa and the Arabian Peninsula, where it causes severe outbreaks with high morbidity and mortality [18]. In Australia, Mycoplasma infections are increasingly recognized in both cattle and small ruminants, and growing attention is being paid to their role in wildlife diseases, including reptile and avian infections [19,20].
Despite advances in surveillance and molecular diagnostics, significant knowledge gaps persist regarding the global distribution of these pathogens. Limited data from many low- and middle-income countries, combined with inconsistencies in diagnostic approaches, hinder comprehensive assessments of prevalence and epidemiology. Expanding surveillance networks, improving diagnostic capacity, and adopting harmonized methodologies will be crucial to accurately mapping the global distribution and understanding the full impact of Mycoplasma and Ureaplasma infections in veterinary medicine.
[bookmark: _Hlk210657883]2.9 Temporal Trends in Research

Research on Mycoplasma and Ureaplasma species in veterinary medicine has increased substantially over the last two decades, reflecting advances in diagnostic technology, growing awareness of their economic impact, and a broader appreciation of their relevance within the One Health framework. Although sporadic reports existed before 2000, a marked rise in scientific output began in the early 2010s, coinciding with the introduction and widespread use of molecular diagnostic tools such as polymerase chain reaction (PCR), multilocus sequence typing (MLST), and whole-genome sequencing (WGS) [15,21]. These methods have improved detection accuracy, enabled genetic typing, and deepened our understanding of the epidemiology and evolution of Mycoplasma and Ureaplasma species.
Between 2010 and 2015, most research focused on well-established pathogens such as Mycoplasma bovis in cattle and Mycoplasma hyopneumoniae in swine, which are major contributors to respiratory disease complexes and economic losses in intensive livestock production [16,22]. During the same period, Ureaplasma diversum attracted increasing attention as a reproductive pathogen in cattle, with studies documenting its prevalence in South American herds and its impact on fertility [4]. Parallel improvements in diagnostic workflows including multiplex PCR and MALDI-TOF mass spectrometry enhanced detection rates and reduced turnaround times, expanding the scope of epidemiological studies.

From 2016 to 2020, the research landscape diversified to include investigations into co-infections, host–pathogen interactions, and antimicrobial resistance. Studies highlighted how Mycoplasma species interact with viral and bacterial pathogens to exacerbate respiratory or reproductive diseases and how genomic variability and antigenic variation contribute to immune evasion and chronic infections [23]. This period also marked the beginning of a stronger One Health perspective, emphasizing the potential for cross-species transmission and the broader ecological implications of Mycoplasma infections.
More recent studies (2021–2025) have increasingly employed high-throughput sequencing and comparative genomics to investigate genetic diversity, antimicrobial resistance mechanisms, and evolutionary dynamics [17,24]. Genomic studies have revealed distinct M. bovis lineages circulating globally, as well as resistance-associated mutations that complicate treatment. 
Additionally, new research has expanded beyond domestic animals to include wildlife hosts, such as Mycoplasma ovipneumoniae in wild Caprinae, underscoring the broader ecological distribution and potential for interspecies transmission [20].
Overall, the temporal progression of research reflects a transition from descriptive and diagnostic studies to integrative molecular, ecological, and One Health-focused investigations. Future trends are likely to emphasize metagenomic surveillance, host-pathogen co-evolution, and predictive modeling approaches that combine multi-omics data to improve disease prevention and control strategies.


2.10. Molecular and Genomic Insights

Advances in molecular biology and genomics over the past two decades have significantly expanded our understanding of Mycoplasma and Ureaplasma biology, revealing unique adaptations that underpin their pathogenicity, host specificity, and antimicrobial resistance. These organisms possess some of the smallest genomes among self-replicating bacteria, ranging from 580 to 1,400 kb, which reflects extensive genome reduction and dependence on host-derived nutrients [25]. Their reduced metabolic capacity limits biosynthetic pathways and necessitates parasitic or commensal lifestyles, contributing to persistent colonization and host adaptation [26].
Whole-genome sequencing (WGS) and comparative genomics have uncovered substantial genetic diversity among Mycoplasma species, including variable surface lipoproteins (VSPs), adhesins, and phase-variable antigenic determinants that facilitate immune evasion and tissue tropism [21,26]. For example, M. bovis exhibits extensive variation in Vsp genes, enabling rapid adaptation to host immune pressure and contributing to chronic infection (5). Similarly, M. hyopneumoniae expresses a diverse repertoire of adhesins such as P97 and P102, which mediate attachment to ciliated epithelial cells and initiate colonization of the respiratory tract [27].
Genomic studies have also provided critical insights into antimicrobial resistance (AMR) mechanisms. Mutations in genes encoding ribosomal proteins and topoisomerases underlie resistance to macrolides, tetracyclines, and fluoroquinolones in Mycoplasma species [15]. Mobile genetic elements and horizontal gene transfer, though relatively rare in Mollicutes, have been implicated in the dissemination of resistance determinants [28]. Comparative genomics further suggests that genomic plasticity including gene duplication, recombination, and phase variationplays a significant role in Mycoplasma evolution, pathogenicity, and host adaptation.
The application of next-generation sequencing (NGS), pan-genome analysis, and transcriptomics is now transforming Mycoplasma research by enabling high-resolution tracking of strain diversity, evolutionary dynamics, and virulence factor regulation. These tools are particularly valuable for identifying potential diagnostic targets and vaccine candidates, supporting future control strategies within a One Health framework.

2.11 Environmental Reservoirs and Transmission Pathways

Although Mycoplasma and Ureaplasma species are primarily host-associated and have limited environmental survival due to their lack of a cell wall and high nutritional requirements, their persistence and transmission are strongly influenced by host dynamics and management practices. Transmission occurs via direct contact, aerosol inhalation, venereal routes, and vertical transmission from dam to offspring [3]. In cattle, M. bovis spreads efficiently through respiratory secretions, contaminated milk, and close animal contact, facilitating rapid dissemination in intensive production systems [29] . In swine, M. hyopneumoniae is transmitted by aerosols, with carrier animals playing a crucial role in herd-level persistence [30] .
Venereal and vertical transmission are particularly significant for Ureaplasma diversum in cattle, where the organism colonizes the reproductive tract and can be transmitted during mating, artificial insemination, or transplacentally, resulting in embryonic death or abortion [4].Transmission via contaminated equipment, semen, or fomites has also been documented, emphasizing the importance of biosecurity and hygiene in disease prevention [31].
Although environmental persistence is typically short-lived, Mycoplasma species can survive for limited periods in organic matter, bedding, or aerosols, especially under humid and wintry conditions, enabling indirect transmission in high-density animal populations [3]. Wildlife may also serve as reservoirs or spillover hosts, as demonstrated by Mycoplasma ovipneumoniae infections in wild Caprinae populations, which contribute to disease maintenance and interspecies transmission [20]. The role of subclinically infected animals is particularly critical, as asymptomatic carriers function as silent reservoirs, facilitating long-term persistence within populations and complicating control efforts.
A thorough understanding of these transmission dynamics is essential for developing targeted biosecurity protocols, surveillance strategies, and vaccination programs aimed at interrupting transmission cycles and reducing disease burden.

2.12 Host–Pathogen Interactions and Immune Responses

The interaction between Mycoplasma and Ureaplasma species and their hosts is characterized by complex mechanisms of adherence, immune evasion, and modulation of host responses, which collectively contribute to chronic infections and disease persistence. Adhesion to host epithelial surfaces is a critical first step in colonization and pathogenesis. Specialized adhesins, such as P97 and P102 in M. hyopneumoniae and variable surface proteins (VSPs) in M. bovis, facilitate attachment to respiratory and urogenital epithelia, establishing a stable niche and enabling subsequent colonization [27,32] .
Once attached, Mycoplasma species can evade host immune defenses through several strategies. Antigenic variation, phase variation, and the expression of variable lipoproteins allow these pathogens to alter surface antigens and avoid recognition by host antibodies [21]. Additionally, Mycoplasma can modulate host immune responses by suppressing lymphocyte proliferation, altering cytokine production, and inducing regulatory T-cell responses, which contribute to immune evasion and chronic infection [33,34] . These strategies enable long-term persistence and recurrent disease, even in the presence of host immunity.
The host response to Mycoplasma infection is typically dominated by proinflammatory cytokines such as IL-1β, IL-6, and TNF-α, which contribute to tissue damage and clinical disease manifestations[29]. In bovine respiratory disease, for example, M. bovis induces strong inflammatory responses that exacerbate lung pathology, while M. hyopneumoniae disrupts mucociliary clearance, predisposing pigs to secondary bacterial infections (7,8). In reproductive infections caused by U. diversum, local inflammation contributes to infertility, embryonic loss, and endometrial damage [4].
Host–pathogen interactions are further complicated by co-infections with viral or bacterial pathogens, which can synergistically enhance disease severity and alter immune dynamics. Understanding these complex interactions is essential for developing effective vaccines and immunomodulatory strategies aimed at reducing disease burden and improving animal health.

2.13 Resistance and Therapeutic Challenges

Antimicrobial resistance (AMR) among Mycoplasma and Ureaplasma species has become a major challenge in veterinary medicine, complicating disease management and undermining the efficacy of traditional therapeutic strategies. These organisms are intrinsically resistant to antibiotics targeting the bacterial cell wall, such as β-lactams and glycopeptides, due to their lack of a peptidoglycan layer [35]. As a result, treatment relies primarily on antimicrobials that target protein synthesis (macrolides, tetracyclines, aminoglycosides) or DNA replication (fluoroquinolones). However, increasing reports of acquired resistance to these drug classes have raised concerns about the sustainability of current therapeutic options [15,22].
Resistance mechanisms in Mycoplasma are primarily associated with point mutations in target genes. Mutations in the 23S rRNA and ribosomal proteins L4 and L22 are linked to macrolide resistance, while alterations in the 16S rRNA gene can confer tetracycline resistance [1,36] . Fluoroquinolone resistance is frequently associated with mutations in the quinolone resistance-determining regions (QRDR) of the gyrA and parC genes, which encode DNA gyrase and topoisomerase IV, respectively [37]. These mutations reduce drug binding affinity, leading to decreased susceptibility and, in some cases, therapeutic failure.
The emergence and spread of resistant Mycoplasma bovis strains have been particularly concerning cattle populations worldwide. Studies from Europe, Asia, and North America report significant increases in minimum inhibitory concentrations (MICs) for macrolides, tetracyclines, and fluoroquinolones, often resulting in reduced treatment efficacy and prolonged disease courses [38]. Similarly, resistance in M. hyopneumoniae and M. synoviae has been documented in swine and poultry, respectively, posing additional challenges to disease control in intensive production systems [39,40]. Although antimicrobial resistance in Ureaplasma diversum is less well characterized, preliminary evidence suggests that similar resistance mechanisms may be present, warranting further investigation.
A major limitation in managing Mycoplasma and Ureaplasma infections is the absence of standardized guidelines for antimicrobial susceptibility testing (AST) in veterinary laboratories. Unlike other bacterial pathogens, there are no universally accepted clinical breakpoints for many antimicrobials against these organisms, complicating interpretation and comparison of MIC data across studies and regions [10]. Moreover, the slow growth rate and fastidious nature of Mycoplasma species pose additional technical challenges for culture-based susceptibility testing. Molecular approaches, such as PCR-based detection of resistance-associated mutations, are increasingly used as complementary tools but require validation for routine clinical use.
The growing prevalence of antimicrobial resistance underscores the urgent need for integrated strategies beyond pharmacological interventions. These include improved biosecurity measures, vaccination, early diagnosis, and prudent antimicrobial use guided by susceptibility testing. Coordinated surveillance programs and harmonized AST protocols will be critical to monitoring resistance trends, informing treatment guidelines, and mitigating the spread of resistant strains.

2.14 Policy, Surveillance, and One Health Implementation

Addressing Mycoplasma and Ureaplasma infections effectively requires moving beyond laboratory science to coordinated policy development and structured surveillance strategies that operate at local, national, and global scales. While advances in molecular diagnostics and genomic tools have deepened our understanding of these pathogens, translating this knowledge into impactful disease control depends on governance, investment in infrastructure, and sustained intersectoral collaboration [21,41].
A major challenge is the uneven global capacity for detection, reporting, and monitoring. Most epidemiological data on Mycoplasma and Ureaplasma originate from high-income regions, leaving critical knowledge gaps in areas where livestock production is rapidly expanding. Strengthening diagnostic networks, harmonizing data collection protocols, and integrating veterinary laboratories into national surveillance systems are essential steps toward improving early detection and response [3]. Policies should also support accessible training for veterinary professionals, standardized case definitions, and interoperable data platforms to enhance real-time information sharing across borders.
Effective surveillance should adopt a One Health perspective, integrating information not only from domestic animals but also from wildlife, companion animals, and environmental reservoirs. Although zoonotic transmission of Mycoplasma and Ureaplasma remains rare, their evolutionary adaptability and ability to persist in multi-host ecosystems require vigilance across species interfaces. Coordinated surveillance systems that include wildlife monitoring such as the investigation of Mycoplasma ovipneumoniae spillover from domestic sheep to wild Caprinae exemplify how cross-sectoral collaboration improves our understanding of pathogen dynamics beyond agricultural settings [42].
Policy frameworks must also incentivize proactive approaches rather than reactive responses. This includes long-term investment in biosecurity infrastructure, integrated research networks, and collaborative databases linking genomic, clinical, and ecological data. International guidelines, such as the World Health Organization’s Global Action Plan on Antimicrobial Resistance, emphasize the importance of aligning veterinary policies with broader public health objectives, reinforcing the idea that controlling Mycoplasma and Ureaplasma infections contributes not only to animal health but also to food security and ecosystem stability (5).
Ultimately, embedding surveillance and policy actions within a One Health framework provides a more complete and sustainable strategy. It ensures that research findings inform real-world interventions, strengthens preparedness against emerging threats, and enhances global capacity to manage Mycoplasma and Ureaplasma infections in a rapidly changing environment.


2.15 Limitations of the Present Review

Despite the comprehensive approach adopted in this review, several limitations should be acknowledged. First, the available literature on Mycoplasma and Ureaplasma infections remains unevenly distributed across geographic regions and animal species. Most studies originate from high-income countries, while substantial data gaps persist in regions such as South America, Africa, and parts of Asia. This geographic imbalance may limit the generalizability of conclusions and underestimate the true global burden of these infections.
Second, much of the existing research focuses on a few economically significant species, particularly Mycoplasma bovis, M. hyopneumoniae, M. gallisepticum, and Ureaplasma 


3. Conclusion

Mycoplasma and Ureaplasma species are increasingly recognized as significant veterinary pathogens with substantial clinical, economic, and ecological consequences. Their involvement in reproductive and respiratory disorders across livestock, companion animals, and wildlife highlights their importance within the broader One Health framework. Advances in molecular and genomic tools have markedly improved detection, deepened our understanding of their pathogenic mechanisms, and revealed important insights into antimicrobial resistance, host–pathogen interactions, and transmission dynamics. However, diagnostic challenges, frequent co-infections, and the presence of asymptomatic carriers continue to complicate disease recognition and management.

Despite the progress made, this review identifies several key limitations. Geographic and taxonomic data remain uneven, with most studies concentrated in high-income countries and on a few economically relevant species, leaving critical gaps in knowledge regarding pathogen diversity, wildlife reservoirs, and the burden of disease in underrepresented regions. Furthermore, inconsistencies in diagnostic protocols and the lack of standardized antimicrobial susceptibility testing hinder data comparability and the formulation of effective control strategies.

Future efforts should focus on addressing these gaps through expanded surveillance networks, standardized methodologies, and integrated research that links molecular data with epidemiological and ecological contexts. Strengthening biosecurity practices, promoting prudent antimicrobial use, and fostering cross-sector collaboration will be crucial steps toward effective disease control. Ultimately, embedding Mycoplasma and Ureaplasma research and management within a One Health framework will not only improve animal health and productivity but also contribute to global efforts in antimicrobial stewardship and ecosystem resilience.
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