

  vetsci-09-00351




vetsci-09-00351







Vet. Sci. 2022, 9(7), 351; doi:10.3390/vetsci9070351




Article



Prevalence of Mycoplasma bovis Infection in Calves and Dairy Cows in Western Australia



Jully Gogoi-Tiwari 1,*, Harish Kumar Tiwari 2[image: Orcid], Nadeeka K. Wawegama 3, Chintha Premachandra 3, Ian Duncan Robertson 1,4,5[image: Orcid], Andrew David Fisher 6, Frank Karanja Waichigio 7, Pete Irons 1 and Joshua W. Aleri 1,8,*[image: Orcid]





1



School of Veterinary Medicine, College of Science, Health, Engineering and Education, Murdoch University, 90 South Street, Murdoch, Perth, WA 6150, Australia






2



Asia-Pacific Consortium of Veterinary Epidemiology, Sydney School of Veterinary Science, The University of Sydney, Camden, Sydney, NSW 2570, Australia






3



Asia Pacific Centre for Animal Health, Faculty of Veterinary and Agricultural Sciences, University of Melbourne, Parkville, Melbourne, VIC 3010, Australia






4



College of Veterinary Medicine, Huazhong Agricultural University, Wuhan 430070, China






5



Hubei International Scientific and Technological Cooperation Base of Veterinary Epidemiology, Huazhong Agricultural University, Wuhan 430070, China






6



Animal Welfare Science Centre, Faculty of Veterinary and Agricultural Sciences, University of Melbourne, Melbourne, VIC 3010, Australia






7



Brunswick Veterinary Services, 27 Ommaney Road, Brunswick, WA 6224, Australia






8



Centre for Animal Production and Health, Future Foods Institute, Murdoch University, 90 South Street, Murdoch, Perth, WA 6150, Australia









*



Correspondence: jully.gogoitiwari@murdoch.edu.au (J.G.-T.); j.aleri@murdoch.edu.au (J.W.A.)







Academic Editor: Mark A Holmes



Received: 18 June 2022 / Accepted: 6 July 2022 / Published: 11 July 2022



Abstract

:

Simple Summary


Mycoplasma bovis is an emerging pathogen of economic and welfare concern for both adult and young cattle. A study was conducted to determine the prevalence of M. bovis in adult cows and calves in the southwest region of Western Australia. Nasal swabs and blood samples were collected from the animals and bulk tank milk samples were assessed for both seroprevalence and active infections of M. bovis infections in adult cows and calves. The study recorded a high seroprevalence of M. bovis in 699 apparently healthy adult lactating cows and 495 young calves on 29 dairy farms. The herd-level seroprevalence was also detected as being higher in both adult lactating cows and calves. No current active infections were recorded on the farms. The female calves and pure Holstein–Friesian animals were found to be twice as likely to be seropositive for M. bovis compared to male calves and the Holstein–Friesian crossbred calves. The high seroprevalence of M. bovis in both adult and young cattle in the southwest dairy farms of Western Australia warrants more effective farm biosecurity measures and further evaluation of the current prevention and management measures practiced on the farms.




Abstract


Mycoplasma bovis (M. bovis) can cause a multitude of diseases in cattle, with detrimental effects on the farm economy and the welfare of both adult and young cattle. The objective of this study was to determine the prevalence of M. bovis in adult cows and calves in the south-west region of Western Australia. A cross-sectional study was conducted on 29 dairy farms with 699 apparently healthy adult lactating cows and 495 young calves during 2019–2020. Nasal swabs and blood samples collected from the animals and bulk tank milk (BTM) samples were assessed for M. bovis-specific proteins and antibodies by using polymerase chain reaction (PCR) and Mycoplasma immunogenic lipase A- Enzyme-Linked Immune Sorbent Assay (MilA ELISA). A seroprevalence of 42.5% (95% CI: 38.9–46.2) and 61% (95% CI: 56.6–65.2) was found in adult lactating cows and calves, respectively. The herd-level seroprevalence of M. bovis ranged from 4% (95% CI: 07–19.5) to 92% (95% CI: 75.0–97.8) in adult lactating cows and 25% (95% CI: 10.2–49.5) to 87% (95% CI: 67.9–95.5) for calves in these farms. None of the BTM and nasal swab samples were positive for M. bovis, indicating an absence of any current active infections on the farms. The female calves and pure Holstein–Friesian animals are twice as likely to be seropositive for M. bovis compared to male calves (OR 2.4; 95% CI: 1.7–3.5) and Holstein–Friesian crossbred calves (OR 2.4; 95% CI: 1.7–3.5). The high seroprevalence in both adult and young cattle in the southwest dairy farms of Western Australia warrants more effective farm biosecurity measures and further evaluation of the current prevention and management measures practiced on the farms.
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1. Introduction


Mycoplasma bovis is a complex, costly, and often overlooked contagious pathogen in dairy cattle [1,2]. It causes mastitis, respiratory disease, conjunctivitis, otitis media, arthritis, and a variety of other conditions and has a detrimental impact on the welfare and productivity of dairy cattle, causing substantial economic losses in the dairy industry [3]. Arthritis, otitis media, and respiratory diseases in adult cattle caused by M. bovis are usually associated with mastitis [4,5]. Mastitis in cows caused by M. bovis involves multiple quarters resulting a marked decrease in milk production, with a typical lack of response to treatment [6,7]. Once the infection enters a dairy herd, it gets established by rapidly spreading between animals from one quarter to the others through milkers’ hands, contaminated milking machines, or other accessories associated with milking [3,8]. M. bovis is the most isolated pathogen from the bulk milk tank (BTM) of herds with clinical or subclinical mastitis [9,10]. Increased herd size has a direct correlation with the detection of mycoplasma infection [11,12], possibly owing to the difficulty in husbandry and management practices, higher animal density, and the movements of animals. Furthermore, mastitis infection rates due to other etiological agents including both Gram-positive and Gram-negative organisms increase in those cows previously infected with M. bovis [13,14]. Calves infected with M. bovis are more prone to clinical arthritis [4,15], calf pneumonia [16,17], and otitis media [17,18]. They predominantly get infected through contaminated milk from their dams [17], aerosolization of nasal secretions, and nose-to-nose contact with infected animals [3,19].



The major concern associated with M. bovis is that it is a highly contagious, rapidly spreading pathogen, and its eradication is difficult once it is established in a herd. The biggest challenge for the control of M. bovis infections on the farm is presented by carrier animals. These animals have the potential to disseminate the pathogen to other animals readily without developing the clinical form of the disease [1]. Due to increasing resistance against a variety of antimicrobial agents and the absence of an effective vaccine, this pathogen is of worldwide concern [20]. Early detection of the pathogen in sera, milk, and nasal swab samples is critical to plan and adopt appropriate control measures on farms in the absence of an effective vaccine [20,21]. Additionally, adopting appropriate farm biosecurity measures to prevent the entry of the pathogen is critical for non-infected herds.



M. bovis infection in Australia was first detected in 1970 from bovine milk samples [22] and since then the presence of the pathogen has been confirmed in all the states and territories of Australia [23]. The herd-level prevalence of M. bovis in dairy cattle as isolated from BTM in Victoria and North Queensland in Australia was reported to be 43–62% in herds with somatic cell count (SCC) > 250 × 103 cells/mL [3,24]. However, a follow-up study in 2014 reported a herd-level prevalence of Mycoplasma infection as low as 0.9% [23] in Australia. Although both the studies used PCR assays for detection of the herd-level prevalence of M. bovis, the earlier study did not assess the diagnostic sensitivity and specificity of the test, which might have affected the analytical sensitivity and specificity of the test resulting in a big difference. Despite M. bovis being prevalent in Australia for the last five decades, limited research has been undertaken to explore the prevalence of the pathogen in dairy herds [23,24]. In 2010–2012, a quantitative reverse transcription polymerase chain reaction assay (qPCR) analysis of nasal swabs collected from apparently healthy cattle before their live export reported a 4.8% prevalence of M. bovis in Western Australia [25]. However, to the best of our knowledge, no studies have been conducted in Western Australian dairy herds to explore the prevalence of M. bovis. The current study was undertaken to investigate the prevalence of M. bovis in (i) dairy cows and (ii) calves in the dairy farms in Western Australia by using both serological and PCR methods. A combination of PCR and serological methods will not only identify the presence of M. bovis on the farms but will also reveal if the animals were previously infected with Mycoplasma. The data generated on the prevalence of M. bovis from this study will contribute toward on-farm biosecurity risk assessment and help the dairy farmers adopt efficient on-farm management practices to prevent and control the pathogen and to reduce its impact on the morbidity and mortality of their animals.




2. Material and Methods


2.1. Ethics Approval


The study was conducted in accordance with the Australian Code of Practice for the Care and Use of Animals for Scientific Purposes 2013, with the approval of the Human Research and Animal Ethics Committees of Murdoch University, Approval No. R3144/19 and 2019/047, respectively.




2.2. Study Area


The study was conducted in the south-west region of Western Australia (Figure 1). The region has a temperate Mediterranean climate with an annual rainfall of approximately 730 mm. Dairy farms are predominantly located southwest of Perth (capital city of Western Australia), being well-suited to pasture-based feeding systems.




2.3. Study Design and General Data Collection


Data were collected from April 2019–June 2020. This was a cross-sectional study where study farms were visited once to obtain blood samples from healthy calves ≤7 days old and from adult lactating cows.




2.4. Study Populations


A total of 29 farms participated in the study. A convenience sample of 140 registered dairy producers were invited via email. Additional expressions of interest to the dairy producers were sent via a regional newsletter (Feed Trough) and during a regional farmer’s day event. Participation was voluntary, and no incentives were provided. A two-stage cluster sampling technique was utilised to select study subjects. In farms with less than 25 calves at the time of sampling, all calves were included in the study. In those farms that had more than 25 calves in the required age group, a total of 25 calves were included in the study. The target population included healthy calves ≤7 days old and adult lactating dairy cows reared in a Mediterranean pasture-based production in Australia.




2.5. Sample Collection


2.5.1. Blood


A total of 1194 blood samples (699 from cows and 495 from calves) were collected. Blood samples were collected by jugular and tail venipuncture for calves and adult animals, respectively into sterile serum separator vacutainer serum tubes (Becton Dickinson and Company, Belliver Industrial Estate, Belliver Way, Roborough, Plymouth PL6 7BP UK). Blood samples were allowed to clot at ambient temperature and then transported on ice to the Production Animal Medicine Laboratory at Murdoch University and serum was separated by centrifugation for 15 min at 700× g (at room temperature). Sera samples were stored at −80 °C until tested.




2.5.2. Milk


A bulk tank milk (BTM) sample was collected from each of the 29 dairy farms involved in the study. A total of 100 mL of milk samples were collected aseptically from the bulk milk tank and then transported on ice to the Production Animal Medicine Laboratory at Murdoch University. The samples were stored at −80 °C until further laboratory analysis.




2.5.3. Nasal Swabs


A total of 495 nasal swab samples were collected from the healthy calves from the 29 dairy herds. The calves were restrained in a head bail and sampled by using modified McCullough–Cartwright large animal double-guarded culture swabs made of two rigid concentric tubes, with the culture swab in the center (Har-Vet, West Bend, WI, USA). These were inserted approximately 10–15 cm into the nasal cavity and the swab rotated across the nasal mucosa to collect a sample of the nasal secretions. The swabs were then immersed in 0.5 mL of RNAlater® (Sigma-Aldrich, St. Louis, MO, USA) and stored at −20 °C until further investigation.





2.6. Laboratory Analysis


2.6.1. Enzyme-Linked Immunosorbent Assay (ELISA)


A total of 1194 sera and 29 bulk tank milk (BTM) samples were analyzed with an in-house ELISA-MilA ELISA [26]. This ELISA detects the presence of antibodies to M. bovis in serum and milk, and the procedure followed has been described previously [2,26]. Briefly, a 96-well Nunc Maxisorp plate (Thermofisher Scientific, Scoresby, VIC, Australia) was coated with glutathione S-transferase (GST)-MilA-Ag by using 1.2 µg per well. Test serum, positive and negative controls [26] were diluted by using phosphate-buffered saline containing 0.05% [vol/vol] Tween 20 (PBS-T). Serum samples were diluted to 1/300. Milk samples were diluted at 1/50. Each sample was tested in duplicate. HRP-conjugated anti-bovine sheep antibody (Bethyl Laboratories, Inc, Montgomery, TX, USA) and 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) were used as conjugate and enzyme-substrate, respectively. Plates were incubated for 7 min at room temperature and the reaction was stopped by using 1% SDS. The absorbance was read at an optical density of 405 nm by using a microplate reader (Bio-Rad Laboratories, South Granville, NSW, Australia). The cut-off value used for interpreting the samples was 140 antibody units (AU), as suggested by Wawegama and co-workers [2]. All the optical density data generated in the MilA ELISA were analysed by using an online ELISA analysis programme (http://www.elisaanalysis.com accessed on 21 December 2021).




2.6.2. DNA Extraction and M. bovis Quantitative PCR


The DNA from nasal swabs was extracted by using a MagMAX CORE Nucleic Acid Purification Kit (Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s instructions. The DNA was used as the template for an M. bovis-specific quantitative PCR [27] by using the Rotor-Gene Q thermocycler (Qiagen, Clayton, VIC, Australia), and the M. bovis oppD gene ligated into commercially available plasmid pGEM-T according to the manufacturer’s recommendations (Promega, Madison, WI, USA) was used for the standard curve.





2.7. Statistical Analysis


All statistical analyses were performed in the R programming environment [28]. The R packages “oddsratio”, “prevalence”, and “ggplot2” for calculation of chi-square tests, prevalence, and for plots and graphs were used to analyse the data, respectively.





3. Results


3.1. Seroprevalence of M. bovis in Apparently Healthy Adult Lactating Cows


The overall seroprevalence of M. bovis in 699 healthy adult lactating cows from 29 farms in the southwest region of Australia was 42.5% (95% CI: 38.9–46.2) (Table 1). The farm-level seroprevalence ranged from 4% (95% CI:07–19.5) for farms 12 and 28 to 92% (95% CI: 75.0–97.8) for Farms 4 and 8 (Table 1).




3.2. Seroprevalence of M. bovis in Apparently Healthy Calves


The overall seroprevalence in 495 apparently healthy calves from the 29 farms was 61.0% (95% CI: 56.6–65.2) (Table 2). The farm-level seroprevalence ranged from 25% (95% CI: 10.2–49.5) to 87% (95% CI: 67.9–95.5) for Farms 20 and 2, respectively (Table 2).




3.3. ELISA-Based Detection for M. bovis-Specific Antibodies in Bulk Milk Samples


All the 29 BTM samples assessed for M. bovis-specific antibodies were found to be negative on the ELISA.




3.4. PCR Detection for M. Bovis-Specific Proteins in Nasal Swab Samples of Apparently Healthy Calves


All the 295 nasal swab samples collected from apparently healthy calves were found to be negative for M. bovis-specific proteins in PCR test.




3.5. Intrinsic Factors Associated with M. bovis Seroprevalence in Cows and Calves


The odds of a female calf being seropositive was 2.4 (95% CI: 1.7–3.5) that of males (p < 0.001) (Table 3). Similarly, the odds of Holstein Friesian calves being seropositive was 2.4 (95% CI: 1.7–3.5) that of Holstein–Friesian cross calves (p < 0.001) (Table 3).





4. Discussion


M. bovis is an emerging pathogen of economic and welfare concern for both adult and young cattle [29]. It usually gets introduced to the farm through the introduction of new animals that are sub-clinical carriers. Once the pathogen enters a farm, it is nearly impossible to prevent it from spreading between animals due to its highly contagious nature [30]. Furthermore, the pathogen possesses multiple virulence factors [31] and innate resistance ability [27,31] to different antimicrobial agents, making treatment challenging [32]. In the absence of effective treatments or vaccines that give unequivocal results, effective farm biosecurity, prevention, and management measures are pivotal. This cross-sectional study was undertaken to determine the prevalence of M. bovis infections in dairy animals in Western Australia by using both ELISA and PCR. ELISA and PCR are the most used diagnostic tests for the detection of M. bovis in serum, milk, and other associated clinical samples [21,33,34]. However, unlike PCR, an antibody ELISA possesses the additional advantages of being able to detect infections in those animals that were exposed to the pathogen weeks earlier [35,36]. In the current study, high animal and herd seroprevalences to M. bovis among both adult lactating cows and calves were recorded (42.5% and 61.0%, respectively).



The farm-level seroprevalence of M. bovis in adult lactating cows ranged from 4 to 92% in the 29 dairy farms sampled in the southwest region of Western Australia. None of these lactating animals were found to be positive for active infections as all the 29 BTM samples were negative on the ELISA. Similarly, the farm-level seroprevalence of M. bovis in calves on those farms was also high ranging from 25 to 87%. Active infections were also not detected in the nasal swabs sampled from these animals (negative PCR test). The high prevalence of M. bovis antibodies in the serum samples of lactating cows was most likely due to previous exposure to M. bovis, whereas in calves it may be due to the transfer of passive immunity via colostrum. Furthermore, the better sensitivity of MilA ELISA test compared to other available ELISA tests resulted in the detection of all those seropositive animals against M. bovis despite the fact that the organism might have possibly been cleared from their bodies [26,37]. The negative BTM and nasal swab samples indicate the lack of current M. bovis infections on the farms.



In the current study, female calves were found to be twice as likely (OR 2.4; 95% CI:1.7–3.5) to become seropositive with M. bovis as the male calves. Previous studies conducted in the United States and Canada [38,39] reported higher case fatality rates in female calves. Loneragan and co-workers’ study on 21-million feedlot cattle in the United States reported higher mortalities in heifer cattle due to bovine respiratory disease than the steers. In contrast, few studies [40,41,42,43] including an Australian one [44] reported the higher risk of bovine respiratory disease in male calves compared to the female calves. Similarly, Holstein–Friesian calves were found to be more likely (OR 2.4; 95% CI: 1.7–3.5) to be M. bovis-seropositive than Holstein–Friesian cross-bred calves. Breed difference was cited as an important factor for susceptibility to respiratory infections in animals [40,45]. Fewer M. bovis infections in Holstein–Friesian cross may be attributed to the beneficial characteristics of hybrid vigour in such cross-bred cattle [45].



Serological methods, including ELISAs, have been shown to be reliable and effective diagnostic tools in assessing the biosecurity risk of M. bovis infection in animals prior to their introduction to a herd. It is prudent to also consider the limitations when using these tools for diagnostic purposes. First, although a MilA ELISA detects the antibodies present against M. bovis in animals, this does not imply that the animals are currently infected or infectious. Secondly, further knowledge on the seroconversion duration and longevity of the M. bovis-specific antibodies are crucial in the current context of serological diagnosis of M. bovis infections by using ELISA. Future research is required to explore the animal level and herd-level risk factors of M. bovis infections to fully understand the potential routes of entry of the pathogen to the dairy farms and to understand the knowledge, attitudes, and practices (KAP) of the dairy farmers about M. bovis in Western Australia. The potential information generated from this study may be of interest to the dairy farmers and the relevant departments as this information may aid the stakeholders in adopting appropriate future strategies for the prevention and management of M. bovis infections.




5. Conclusions


This study reports seroprevalence of M. bovis exposures in the dairy farms of the southwest region of Western Australia. The high seroprevalence of M. bovis in both adult and young animals in Western Australian dairy farms is potentially a matter of concern. Attention should be given to farm biosecurity measures to prevent and manage the entry and spread of the pathogen on the farm. Screening of all new animals should be undertaken prior to their introduction to a negative farm.







Author Contributions


Conceptualization, J.W.A., A.D.F., I.D.R., J.G.-T. and N.K.W.; methodology, J.G.-T., J.W.A. and N.K.W.; formal analysis, H.K.T. and J.W.A.; investigation, J.G.-T., N.K.W. and J.W.A.; resources, J.W.A. and N.K.W.; data curation, H.K.T.; writing—original draft preparation, J.G.-T.; writing—review and editing, J.W.A., N.K.W., C.P., I.D.R., A.D.F., F.K.W. and P.I.; visualization, J.W.A., J.G.-T. and N.K.W.; project administration, J.W.A.; funding acquisition, J.W.A., I.D.R. and A.D.F. All authors have read and agreed to the published version of the manuscript.




Funding


The study was supported by a grant from Dairy Australia (grant #16085) and by Murdoch University (grant#13363).




Institutional Review Board Statement


The study was conducted in accordance with the Australian Code of Practice for the Care and Use of Animals for Scientific Purposes. The experiment was approved by the Human Research and Animal Ethics Committees of Murdoch University (Approval No. R3144/19 and 2019/047).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The original contributions presented in the study are included in the article and further inquiries can be directed to the corresponding authors.




Acknowledgments


The authors acknowledge the support of John Abbott, Aprille Jack, Kirsty Townsend and Michele Starcevich for their technical assistance and the many producers for their kind participation in this study. Special thanks to Hamid Sodagari for the technical support.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Maunsell, F.; Woolums, A.; Francoz, D.; Rosenbusch, R.; Step, D.; Wilson, D.J.; Janzen, E. Mycoplasma bovis infections in cattle. J. Vet. Intern. Med. 2011, 25, 772–783. [Google Scholar] [CrossRef] [PubMed]

	



Wawegama, N.K.; Markham, P.F.; Kanci, A.; Schibrowski, M.; Oswin, S.; Barnes, T.S.; Firestone, S.M.; Mahony, T.J.; Browning, G.F. Evaluation of an IgG enzyme-linked immunosorbent assay as a serological assay for detection of Mycoplasma bovis infection in feedlot cattle. J. Clin. Microbiol. 2016, 54, 1269–1275. [Google Scholar] [CrossRef]

	



Fox, L.K. Mycoplasma mastitis: Causes, transmission, and control. Vet. Clin. Food Anim. Pract. 2012, 28, 225–237. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, D.J.; Skirpstunas, R.T.; Trujillo, J.D.; Cavender, K.B.; Bagley, C.V.; Harding, R.L. Unusual history and initial clinical signs of Mycoplasma bovis mastitis and arthritis in first-lactation cows in a closed commercial dairy herd. J. Am. Vet. Med. Assoc. 2007, 230, 1519–1523. [Google Scholar] [CrossRef] [PubMed]

	



Walz, P.H.; Mullaney, T.P.; Render, J.A.; Walker, R.D.; Mosser, T.; Baker, J.C. Otitis media in preweaned Holstein dairy calves in Michigan due to Mycoplasma bovis. J. Vet. Diagn. Investig. 1997, 9, 250–254. [Google Scholar] [CrossRef] [PubMed]

	



Radaelli, E.; Castiglioni, V.; Losa, M.; Benedetti, V.; Piccinini, R.; Nicholas, R.; Scanziani, E.; Luini, M. Outbreak of bovine clinical mastitis caused by Mycoplasma bovis in a North Italian herd. Res. Vet. Sci. 2011, 91, 251–253. [Google Scholar] [CrossRef]

	



Tolboom, R.; Snoep, J.; Sampimon, O.; Sol, J.; Lam, T. Mycoplasma mastitis in dairy cattle. Tijdschr. Voor Diergeneeskd. 2008, 133, 96–101. [Google Scholar]

	



Fox, L.; Kirk, J.; Britten, A. Mycoplasma mastitis: A review of transmission and control. J. Vet. Med. Ser. B 2005, 52, 153–160. [Google Scholar] [CrossRef]

	



Justice-Allen, A.; Trujillo, J.; Goodell, G.; Wilson, D. Detection of multiple Mycoplasma species in bulk tank milk samples using real-time PCR and conventional culture and comparison of test sensitivities. J. Dairy Sci. 2011, 94, 3411–3419. [Google Scholar] [CrossRef]

	



Pinho, L.; Thompson, G.; Machado, M.; Carvalheira, J. Management practices associated with the bulk tank milk prevalence of Mycoplasma spp. in dairy herds in Northwestern Portugal. Prev. Vet. Med. 2013, 108, 21–27. [Google Scholar] [CrossRef]

	



Fox, L.; Hancock, D.; Mickelson, A.; Britten, A.; Kaaden, O.R. Bulk tank milk analysis: Factors associated with appearance of Mycoplasma sp. in milk. J. Vet. Med. Ser. B 2003, 50, 235–240. [Google Scholar] [CrossRef]

	



Uhaa, I.; Riemann, H.; Thurmond, M.; Franti, C. The use of the enzyme-linked immunosorbent assay (ELISA) in serological diagnosis of Mycoplasma bovis in dairy cattle. Vet. Res. Commun. 1990, 14, 279–285. [Google Scholar] [PubMed]

	



Bayoumi, F.; Farver, T.B.; Bushnell, B.; Oliveria, M. Enzootic mycoplasmal mastitis in a large dairy during an eight-year period. J. Am. Vet. Med. Assoc. 1988, 192, 905–909. [Google Scholar] [PubMed]

	



Brown, M.; Shearer, J.; Elvinger, F. Mycoplasmal mastitis in a dairy herd. J. Am. Vet. Med. Assoc. 1990, 196, 1097–1101. [Google Scholar] [PubMed]

	



Hum, S.; Kessell, A.; Djordjevic, S.; Rheinberger, R.; Hornitzky, M.; Forbes, W.; Gonsalves, J. Mastitis, polyarthritis and abortion caused by Mycoplasma species bovine group 7 in dairy cattle. Aust. Vet. J. 2000, 78, 744–750. [Google Scholar] [CrossRef]

	



Fraser, B.C.; Anderson, D.E.; White, B.J.; Miesner, M.D.; Lakritz, J.; Amrine, D.; Mosier, D.A. Associations of various physical and blood analysis variables with experimentally induced Mycoplasma bovis pneumonia in calves. Am. J. Vet. Res. 2014, 75, 200–207. [Google Scholar] [CrossRef]

	



Maunsell, F.; Brown, M.B.; Powe, J.; Ivey, J.; Woolard, M.; Love, W.; Simecka, J.W. Oral inoculation of young dairy calves with Mycoplasma bovis results in colonization of tonsils, development of otitis media and local immunity. PLoS ONE 2012, 7, e44523. [Google Scholar] [CrossRef]

	



Francoz, D.; Fecteau, G.; Desrochers, A.; Fortin, M. Otitis media in dairy calves: A retrospective study of 15 cases (1987 to 2002). Can. Vet. J. 2004, 45, 661. [Google Scholar]

	



Bennett, R.; Jasper, D. Nasal prevalence of Mycoplasma bovis and IHA titers in young dairy animals. Cornell Vet. 1977, 67, 361–373. [Google Scholar]

	



Nicholas, R.A.; Fox, L.K.; Lysnyansky, I. Mycoplasma mastitis in cattle: To cull or not to cull. Vet. J. 2016, 216, 142–147. [Google Scholar] [CrossRef]

	



Parker, A.M.; House, J.K.; Hazelton, M.S.; Bosward, K.L.; Sheehy, P.A. Comparison of culture and a multiplex probe PCR for identifying Mycoplasma species in bovine milk, semen and swab samples. PLoS ONE 2017, 12, e0173422. [Google Scholar] [CrossRef] [PubMed]

	



Cottew, G. Mycoplasmas isolated from cattle in Australia. Aust. Vet. J. 1970, 46, 378–381. [Google Scholar] [CrossRef] [PubMed]

	



Morton, J.; Malmo, J.; House, J.; Mein, G.; Izzo, M.; Penry, J. Mycoplasma bovis in Australian dairy herds. Aust. Vet. J. 2014, 92, 322–323. [Google Scholar] [CrossRef] [PubMed]

	



Ghadersohi, A.; Hirst, R.; Forbes-Faulkener, J.; Coelen, R. Preliminary studies on the prevalence of Mycoplasma bovis mastitis in dairy cattle in Australia. Vet. Microbiol. 1999, 65, 185–194. [Google Scholar] [CrossRef]

	



Moore, S.J.; O’Dea, M.A.; Perkins, N.; O’Hara, A.J. Estimation of nasal shedding and seroprevalence of organisms known to be associated with bovine respiratory disease in Australian live export cattle. J. Vet. Diagn. Investig. 2015, 27, 6–17. [Google Scholar] [CrossRef]

	



Wawegama, N.K.; Browning, G.F.; Kanci, A.; Marenda, M.S.; Markham, P.F. Development of a recombinant protein-based enzyme-linked immunosorbent assay for diagnosis of Mycoplasma bovis infection in cattle. Clin. Vaccine Immunol. 2014, 21, 196–202. [Google Scholar] [CrossRef]

	



Sachse, K.; Helbig, J.; Lysnyansky, I.; Grajetzki, C.; Muller, W.; Jacobs, E.; Yogev, D. Epitope mapping of immunogenic and adhesive structures in repetitive domains of Mycoplasma bovis variable surface lipoproteins. Infect. Immun. 2000, 68, 680–687. [Google Scholar] [CrossRef]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Viena, Austria, 2013; Available online: http://www.R-project.org (accessed on 17 June 2022).

	



Dudek, K.; Nicholas, R.A.J.; Szacawa, E.; Bednarek, D. Mycoplasma bovis Infections—Occurrence, Diagnosis and Control. Pathogens 2020, 9, 640. [Google Scholar] [CrossRef]

	



Calcutt, M.J.; Lysnyansky, I.; Sachse, K.; Fox, L.K.; Nicholas, R.A.J.; Ayling, R.D. Gap analysis of Mycoplasma bovis disease, diagnosis and control: An aid to identify future development requirements. Transbound. Emerg. Dis. 2018, 65, 91–109. [Google Scholar] [CrossRef]

	



Caswell, J.L.; Bateman, K.G.; Cai, H.Y.; Castillo-Alcala, F. Mycoplasma bovis in respiratory disease of feedlot cattle. Vet. Clin. Food Anim. Pract. 2010, 26, 365–379. [Google Scholar] [CrossRef]

	



Bush, T.J.V.; Rosenbusch, R.F. Characterization of the immune response to Mycoplasma bovis lung infection. Vet. Immunol. Immunopathol. 2003, 94, 23–33. [Google Scholar] [CrossRef]

	



Cremonesi, P.; Vimercati, C.; Pisoni, G.; Perez, G.; Ribera, A.M.; Castiglioni, B.; Luzzana, M.; Ruffo, G.; Moroni, P. Development of DNA extraction and PCR amplification protocols for detection of Mycoplasma bovis directly from milk samples. Vet. Res. Commun. 2007, 31, 225–227. [Google Scholar] [CrossRef] [PubMed]

	



Nielsen, P.K.; Petersen, M.B.; Nielsen, L.R.; Halasa, T.; Toft, N. Latent class analysis of bulk tank milk PCR and ELISA testing for herd level diagnosis of Mycoplasma bovis. Prev. Vet. Med. 2015, 121, 338–342. [Google Scholar] [CrossRef] [PubMed]

	



Nicholas, R.A.; Ayling, R.D.; Stipkovits, L.P. An experimental vaccine for calf pneumonia caused by Mycoplasma bovis: Clinical, cultural, serological and pathological findings. Vaccine 2002, 20, 3569–3575. [Google Scholar] [CrossRef]

	



Petersen, M.B.; Pedersen, J.; Holm, D.L.; Denwood, M.; Nielsen, L.R. A longitudinal observational study of the dynamics of Mycoplasma bovis antibodies in naturally exposed and diseased dairy cows. J. Dairy Sci. 2018, 101, 7383–7396. [Google Scholar] [CrossRef]

	



Petersen, M.B.; Wawegama, N.K.; Denwood, M.; Markham, P.F.; Browning, G.F.; Nielsen, L.R. Mycoplasma bovis antibody dynamics in naturally exposed dairy calves according to two diagnostic tests. BMC Vet. Res. 2018, 14, 1–10. [Google Scholar] [CrossRef]

	



Loneragan, G.H.; Dargatz, D.A.; Morley, P.S.; Smith, M.A. Trends in mortality ratios among cattle in US feedlots. J. Am. Vet. Med. Assoc. 2001, 219, 1122–1127. [Google Scholar] [CrossRef]

	



Ribble, C.S.; Jim, G.K.; Janzen, E.D. Efficacy of immunization of feedlot calves with a commercial Haemophilus somnus bacterin. Can. J. Vet. Res. 1988, 52, 191. [Google Scholar]

	



Muggli-Cockett, N.; Cundiff, L.; Gregory, K. Genetic analysis of bovine respiratory disease in beef calves during the first year of life. J. Anim. Sci. 1992, 70, 2013–2019. [Google Scholar] [CrossRef]

	



Wittum, T.E.; Perino, L.J. Passive immune status at postpartum hour 24 and long-term health and performance of calves. Am. J. Vet. Res. 1995, 56, 1149–1154. [Google Scholar]

	



Alexander, B.; MacVean, D.; Salman, M. Risk factors for lower respiratory tract disease in a cohort of feedlot cattle. J. Am. Vet. Med. Assoc. 1989, 195, 207–211. [Google Scholar] [PubMed]

	



Gallo, G.F.; Berg, J.L. Efficacy of a feed-additive antibacterial combination for improving feedlot cattle performance and health. Can. Vet. J. 1995, 36, 223. [Google Scholar]

	



Cusack, P.; McMeniman, N.; Lean, I. Feedlot entry characteristics and climate: Their relationship with cattle growth rate, bovine respiratory disease and mortality. Aust. Vet. J. 2007, 85, 311–316. [Google Scholar] [CrossRef] [PubMed]

	



Snowder, G.; Van Vleck, L.D.; Cundiff, L.; Bennett, G. Influence of breed, heterozygosity, and disease incidence on estimates of variance components of respiratory disease in preweaned beef calves. J. Anim. Sci. 2005, 83, 1247–1261. [Google Scholar] [CrossRef] [PubMed]








[image: Vetsci 09 00351 g001 550] 





Figure 1. Locations of the farms in Western Australia for the Mycoplasma bovis seroprevalence study. 
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Table 1. Seroprevalence of Mycoplasma bovis exposures in adult animals in different farms in the southwest region of Western Australia.






Table 1. Seroprevalence of Mycoplasma bovis exposures in adult animals in different farms in the southwest region of Western Australia.





	Farm ID
	Adults
	HF *
	HFX **
	Positive
	Prevalence (95% CI)





	F1
	25
	25
	0
	18
	72.0 (52.4–85.7)



	F2
	25
	25
	0
	19
	76.0 (57.0–89.0)



	F3
	18
	18
	0
	5
	27.8 (12.5–50.9)



	F4
	25
	25
	0
	23
	92.0 (75.0–97.8)



	F5
	24
	24
	0
	22
	91.7 (74.1–97.7)



	F6
	25
	0
	25
	21
	84.0 (65.3–93.6)



	F7
	25
	25
	0
	22
	88.0 (70.0–95.8)



	F8
	25
	25
	0
	23
	92.0 (75.0–97.8)



	F9
	25
	0
	25
	19
	76.0 (56.6–88.5)



	F10
	22
	0
	22
	5
	22.7 (10.1–43.4)



	F11
	25
	0
	25
	3
	12.0 (4.2–30.0)



	F12
	25
	0
	25
	1
	4.0 (0.7–19.5)



	F13
	24
	0
	24
	3
	12.0 (4.2–30.0)



	F14
	25
	0
	25
	4
	16.0 (6.4–34.6)



	F15
	25
	1
	24
	3
	12.0 (4.2–30.0)



	F16
	25
	0
	25
	10
	40.0 (23.4–59.3)



	F17
	25
	24
	1
	3
	12.0 (4.2–30.0)



	F18
	24
	24
	0
	3
	12.5 (4.3–31.0)



	F19
	25
	25
	1
	5
	20.0 (8.8–39.1)



	F20
	25
	25
	0
	7
	28.0 (14.3–47.6)



	F21
	25
	25
	0
	19
	76.0 (56.6–88.5)



	F22
	23
	23
	0
	3
	13.0 (4.5–32.1)



	F23
	21
	21
	0
	4
	19.0 (7.7–40.0)



	F24
	25
	25
	0
	3
	12.0 (4.2–30.0)



	F25
	23
	23
	0
	9
	39.1 (22.2–59.2)



	F26
	22
	22
	0
	15
	68.2 (47.3–83.6)



	F27
	24
	24
	0
	17
	70.8 (50.8–85.1)



	F28
	25
	25
	0
	1
	4.0 (0.7–19.5)



	F29
	24
	24
	0
	7
	29.2 (14.9–49.2)



	Total
	699
	475
	222
	297
	42.5 (38.9–46.2)







* HF Holstein–Friesian; ** HFX Holstein–Friesian cross.
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Table 2. Prevalence of Mycoplasma bovis exposures in calves in different farms in the southwest region of Western Australia.
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	Farm ID
	Calves
	HF *
	HFX **
	Positive
	Prevalence (95% CI)





	F1
	23
	20
	3
	15
	65.2 (44.9–81.2)



	F2
	25
	19
	6
	17
	68.0 (48.4–82.8)



	F3
	25
	25
	0
	21
	84.0 (65.3–93.6)



	F4
	6
	2
	4
	3
	50.0 (18.7–81.2)



	F5
	25
	19
	6
	11
	44.0 (26.7–62.9)



	F6
	25
	0
	25
	9
	36.0 (20.2–55.5)



	F7
	25
	25
	0
	19
	76.0 (56.6–88.5)



	F8
	5
	0
	5
	3
	60.0 (23.1–88.2)



	F9
	23
	0
	23
	15
	65.2 (44.9–81.2)



	F10
	22
	0
	22
	9
	40.9 (23.3–61.3)



	F11
	25
	14
	11
	20
	80.0 (60.9–91.1)



	F12
	18
	18
	0
	10
	55.6 (33.7–75.4)



	F13
	16
	0
	16
	8
	50.0 (28.0–72.0)



	F14
	14
	2
	12
	10
	71.4 (45.3–88.3)



	F15
	25
	0
	25
	18
	72.0 (52.4–85.7)



	F16
	21
	0
	21
	16
	76.2 (54.9–89.4)



	F17
	25
	23
	2
	12
	48.0 (30.0–66.5)



	F18
	20
	20
	0
	7
	35.0 (18.1–56.7)



	F19
	14
	2
	12
	9
	64.3 (38.8–83.7)



	F20
	16
	15
	1
	4
	25.0 (10.2–49.5)



	F21
	23
	23
	0
	20
	87.0 (67.9–95.5)



	F22
	14
	5
	9
	12
	85.7 (60.1–96.0)



	F23
	0
	-
	-
	-
	-



	F24
	15
	12
	3
	8
	53.3 (30.1–75.2)



	F25
	13
	13
	0
	9
	69.2 (42.4–87.3)



	F26
	12
	0
	12
	7
	58.3 (31.9–80.7)



	F27
	0
	-
	-
	-
	-



	F28
	0
	-
	-
	-
	-



	F29
	20
	15
	5
	10
	50.0 (29.9–70.1)



	Total
	495
	272
	223
	302
	61.01 (56.6–65.2)







* HF Holstein Friesian; ** HFX Holstein Friesian cross.
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Table 3. Test of association of intrinsic factors on M. bovis positivity by ELISA testing in calves and adults.
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M. bovis ELISA

	
OR (95% CI)

	
p Value




	
Calves

	
Total

	
Negative

	
Positive

	

	






	
Sex

	

	

	

	

	




	
Female

	
278

	
102

	
169

	
2.4 (1.7–3.5)

	
<0.001




	
Male

	
214

	
90

	
131

	
1.0

	




	
Total

	
492

	
192

	
300

	

	




	
Breed

	

	

	

	

	




	
HF

	
272

	
106

	
165

	
2.4 (1.7–3.5)

	
<0.001




	
HFX

	
223

	
87

	
137

	
1.0

	




	
Total

	
495

	
193

	
302

	

	




	
Adults

	

	

	

	




	
Breed

	

	

	

	

	




	
HF

	
576

	
331

	
245

	
1.0 (0.7–1.5)

	
0.5




	
HFX

	
123

	
71

	
52

	
1.0

	




	
Total

	
699

	
402

	
297
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