Chapter 3.8.3.
contagious agalactia
SUMMARY
Description and importance of the disease: Contagious agalactia is a serious disease syndrome of sheep and goats the primary target of which is the udder leading to an interstitial mastitis that results in losses in milk production and changes to its composition that is characterised by. mastitis, Arthritis, keratoconjunctivitis and, occasionally, abortion are secondary manifestations of the disease. Mycoplasma agalactiae (Ma) is the historical and sole main cause of the classical form of the disease in domestic sheep and goats, although other mycoplasmas, including the respiratory and articular pathogens but M. capricolum subsp. capricolum (Mcc), M. mycoides subsp. capri (Mmc), M. capricolum subsp. capricolum (Mcc) and M. putrefaciens (Mp) can produce a clinically similar disease, more often in but only in goats, which may be accompanied by pneumonia. Ma and Mcc have been isolated from wild small ruminants such as ibex and mountain goats, which may act as a reservoir of infection for domestic species. Antibodies to Mmc and Mcc have been detected in South American camelids (alpacas, llamas and vicunas), but no mycoplasmas have yet been isolated.
Identification of the agent: Definitive diagnosis requires the isolation of the causative mycoplasmas from the affected animals, which are then identified by biochemical, serological and, increasingly, molecular tests such as the polymerase chain reaction (PCR). Samples of choice include milk, conjunctival and ear swabs, and joint fluid. The sampling of bulk milk tank provides a convenient way of monitoring whole herds/flocks for causative mycoplasmas. The causative mycoplasmas grows relatively well in most mycoplasma media although Ma. agalactiae shows a preference for organic acids such as pyruvate as substrates.
Serological tests: Detection of antibodies in serum by enzyme-linked immunosorbent assay (ELISA) provides rapid diagnosis of disease but may not be very sensitive in chronically affected herds and flocks. Indirect ELISAs have been used routinely in control programmes for screening herds for Ma. Confirmation of infection by isolation and identification or detection by polymerase chain reaction PCR is usually necessary in areas believed to be free of contagious agalactia. Serological tests are not widely available for M. putrefaciens.
Requirements for vaccines: Commercial vaccines for Ma, inactivated with formalin, are widely used in southern Europe, but are not considered to be very efficacious. Under experimental conditions, Ma vaccines inactivated with saponin have been shown to be more protective than formalised preparations. Live vaccines for Ma are used in Türkiye, where they are reported to be more protective than inactivated vaccines. A commercial vaccine containing Ma, Mmc and Mcc is available. Autogenous vaccines for Mmc and, occasionally, for Mcc are believed to be used in some countries. No vaccines exist for M. putrefaciens, as the disease it causes is not considered to be sufficiently serious or widespread.
A.  introduction
[bookmark: _Hlk80784203][bookmark: _Hlk80784241]Contagious agalactia (CA) is a disease of sheep and goats that is characterised by mastitis, arthritis and keratoconjunctivitis, and has been known for nearly 200 years. The disease is found It occurs wherever sheep and goats are kept, but is mainly concentrated in countries pastoralism and small ruminant dairy production is located in Europe, particularly in surrounding the Mediterranean regions, and western Asia, North Africa, and sporadically in the United States of America (USA) where pastoralism and small ruminant dairy production is practised. It is difficult to estimate the full scale of the problem as few countries have carried out prevalence studies. It is mainly caused by Mycoplasma agalactiae (Ma) (Bergonier et al., 1997). An upsurge of contagious agalactia, caused by Ma, has been seen in sheep in Spain and France recently with increased cases reported in and around the Pyrenees and new outbreaks being reported in Corsica (Chazel et al., 2010). Italy still reports more than 50 outbreaks every year, mainly notified on two of its Islands[footnoteRef:2]. Frequent and numerous outbreaks occur in Iran and Mongolia (Nicholas et al., 2008). Mycoplasma capricolum subsp. capricolum (Mcc) and M. mycoides subsp. capri (formerly M. mycoides subsp. mycoides LC [LC = large colonies]) have also been isolated from sheep and goats with mastitis and arthritis in many countries including Italy, where the disease is spreading (Marogna et al., 2015), South America (Nascimento et al., 1986) and Australasia (Cottew, 1971). Data compiled by WOAH through its global animal health reference database (WAHIS) provides some indication, although not all countries report the number of outbreaks they have (Jaӱ & Tardy, 2019), probably because they do not have mycoplasma diagnostic laboratories, while others, simply declare the disease is present (WAHIS 2025, accessed 30/04/2025). These figures probably represent an underestimate because of the difficulty in detecting infected flocks and herds, many of which may not show overt clinical signs, along with the reluctance of farmers/veterinarians to report outbreaks (Loria et al., 2019).  [2:  	Data from WOAH World Animal Health Information System: https://wahis.woah.org/#/home] 

[bookmark: _Hlk80784291]The clinical signs of infections caused by Mcc, Mmc and M. putrefaciens (Mp) are sufficiently similar to be considered indistinguishable from contagious agalactia caused by Ma. In addition, Mp also causes mastitis and arthritis in goats, which is very similar to that caused by Ma, Mmc and Mcc (Rodriguez et al., 1994). Furthermore, the consensus of the working group on contagious agalactia of the EC COST[footnoteRef:3] Action 826 on ruminant mycoplasmoses, which met in Toulouse, France, in 1999, was that all four mycoplasmas should be considered as causal agents of contagious agalactia. In France, Mmc, Mcc and Mp constitute over 80% of the mycoplasma isolations from goats with Ma accounting for less than 2%. Ma causes CA in both sheep and goats, but and Mcc have has also been isolated from wild small ruminants such as ibex and mountain goats in the Pyrenees and Alps (Chazel et al., 2010; Verbsick et al., 2008). There are occasional reports of the isolation of Ma (Chazel et al., 2010) and Mcc from apparently healthy cattle (Pinho et al., 2009), with Catania et al. (2016) isolating Ma from eyes, ears and brain spinal fluid of bulls. [3:  	European Cooperation in the field of Scientific and Technical Research.] 

[bookmark: _Hlk80784354]Clinically, the disease caused by Ma is recognised by elevated temperature, inappetence and alteration in the consistency of the milk in lactating ewes with decline and subsequent failure of milk production, often within 2–3 days, as a result of CA caused by Mycoplasma agalactiae (Ma) is typically first noticed when milk production falls, usually a few days after the introduction of healthy carriers, or after mixing with affected animals at pasture, markets or water sources. The primary target of Ma is the udder, where it causes interstitial mastitis leading to raised temperature and inappetence. Milk becomes abnormal in appearance, mastitis develops and then milk production reduces, or ceases, in one or both halves of the udder, occasionally permanently. (Bergonier et al., 1997); lameness and Keratoconjunctivitis and arthritis are chronic sequelae, which may be particularly severe in affects about 5–10% of infected young animals, which prevents them keeping up with the group during transhumance and other animal movements. Fever is common in acute cases and may be accompanied by nervous signs, but these are rare in the more frequently observed subacute and chronic infections where the disease is endemic. Pregnant animals may abort. Ma may occasionally be found in lung lesions (Loria et al., 1999), but respiratory disease is rarely a feature of CA caused by Ma and, where it has been reported, may have been the result of a mixed infection with other pathogens, in particular Mycoplasma mycoides subspecies capri (Mmc) (Jaӱ & Tardy, 2019) pneumonia is not a consistent finding. Bacteraemia is common, particularly for Mmc and Mcc and could account for the isolation of the organism from sites where it is only present transiently.
[bookmark: _Hlk80784367][bookmark: _Hlk80784445]Over the past 50 years, three other mycoplasmas – Mmc, Mycoplasma capricolum subsp. capricolum (Mcc) and Mycoplasma putrefaciens (Mp) belonging to a phylogenetically distinct group (Manso-Silvan et al., 2007), have been added to the aetiology of CA because they can cause similar clinical signs, although almost exclusively in goats (Migliore et al., 2021). Arthritis, pleurisy, pneumonia, mastitis and keratoconjunctivitis may all result from infection with However, while Mmc, has one of the widest geographical distributions of ruminant mycoplasmas, being found on all continents where small ruminants are kept is widely distributed geographically and underestimated as a respiratory pathogen, the disease it causes is in many cases a clinically distinct from that caused by Ma (Migliore et al., 2021), with the pathogen displaying a pronounced respiratory localisation and wherever contagious agalactia and caprine pleuropneumonia are reported (DaMassa et al., 1983; Nicholas, 2002); however the lack of diagnostic facilities for mycoplasma diseases in many countries means that it is probably under reported. Mmc is mostly confined to goats but has occasionally been isolated from sheep with reproductive disease and cattle with arthritis or respiratory disease. Cases usually occur sporadically and the disease may persist and spread slowly within a herd; nevertheless, in free areas, the disease shows high morbidity and mortality of kids. In Sicily a reported outbreak showed more than 40% mortality (Agnello et al., 2012). After parturition, the opportunity for spread in milking animals increases, and kids ingesting infected colostrum and milk become infected. The resulting septicaemia, with arthritis and pneumonia, causes high mortality in kids (Bergonier et al., 1997). ; DaMassa et al., 1983). Mcc also favours the respiratory and articular systems, is widely distributed and highly pathogenic, particularly in North Africa, but the frequency of occurrence is low is less commonly reported, particularly outside France and Morocco (Bergonier et al., 1997). However, in some CA endemic regions Mmc (and occasionally Mcc) can, like Ma, persist in goat herds with a prior history of infection, with intermittent shedding in milk of apparently healthy lactating goats (de la Fe et al., 2025; Tardy et al., 2019). Goats are more commonly affected than sheep, and clinical signs of fever, septicaemia, mastitis, and severe arthritis may be followed rapidly by death (Bergonier et al., 1997; Bolske et al., 1988). Pneumonia may be seen at necropsy. The severe joint lesions seen in experimental infections with this organism are accompanied by intense periarticular subcutaneous oedema affecting tissues some distance from the joint (Bolske et al., 1988). In 2015 the first human isolate of Mcc was reported from a man with septicaemia (Seersholm et al., 2015).
Mp is a very infrequent isolate of marginal pathogenicity, often recovered from apparently healthy goats and found occasionally with Ma where it plays very little role in disease progression (Gil et al., 2003; Hajizadeh et al., 2018). common in milking goat herds in western France where it can be isolated from animals with and without clinical signs (Mercier et al., 2001). It has also been associated with a large outbreak of mastitis and agalactia leading to severe arthritis in goats accompanied by abortion and death without pyrexia in California, USA (Bergonier et al., 1997). Mp was the major finding in an outbreak of polyarthritis in kids in Spain (Rodriguez et al., 1994).
Antibodies to Mmc and Mcc, but not Ma, have been detected in South American camelids, including llamas, alpacas and vicunas, but as yet no mycoplasmas have been isolated (Nicholas, 1998). These camelids are affected by a range of mycoplasma-like diseases, including polyarthritis and pneumonia, so it is likely that mycoplasmas including Mmc and Mcc may be found in the future.
B.  DIAGNOSTIC TECHNIQUES
Table 1. Test methods available for the diagnosis of contagious agalactia and their purpose
	Method
	Purpose

	
	Population freedom from infection(a)
	Individual animal freedom from infection prior to movement(b)
	Contribute to eradication policies(c)
	Confirmation of clinical cases(d)
	Prevalence of infection – surveillance(e)
	Immune status in individual animals or populations post-vaccination(f)

	Identification of the agent(g)

	Culture and identification of the organism
	☑☑☐
	☑☑☑
	☑☑☑
	☑☑☑
	☐☐☐ ☑☐☐
	☐☐☐

	Conventional PCR
	☑☑☐
	☑☑☑
	☐☐☐
	☑☑☑
	☑☑☐
	☐☐☐

	Real-time PCR
	☑☑☐
	☑☑☑
	☐☐☐ ☑☐☐
	☑☑☑
	☑☑☐
	☐☐☐

	LAMP
	☐☐☐
	☐☐☐
	☐☐☐
	☐☐☐
	☑☑☐
	☐☐☐

	Detection of immune response

	CFT
	☑☑☑*
	☑☐☐
	☑☑☑
	☑☑☑*
	☑☑☑*
	☑☑☑*

	ELISA
	☑☑☑**
	☑☐☐
	☑☑☑
	☑☑☑**
	☑☑☑**
	☑☑☑**

	Immunoblotting
	☑☐☐
	☑☑☐
	☑☐☐
	☑☑☐
	☑☐☐
	☑☑☐


Key: ☑☑☑ = recommended for this purpose; ☑☑☐ = recommended but has limitations; 
☑☐☐ = suitable in very limited circumstances; ☐☐☐ = not appropriate for this purpose.
*for Mcc and Mmc only; **for Ma only.
PCR = polymerase chain reaction; LAMP: loop-mediated isothermal amplification; 
CFT = complement fixation test; ELISA = enzyme-linked immunosorbent assay.
(a)See Appendix 1 of this chapter for the justification table of the scores given to the tests for this purpose.
(b)See Appendix 2 of this chapter for the justification table of the scores given to the tests for this purpose.
(c)See Appendix 3 of this chapter for the justification table of the scores given to the tests for this purpose.
(d)See Appendix 4 of this chapter for the justification table of the scores given to the tests for this purpose.
(e)See Appendix 5 of this chapter for the justification table of the scores given to the tests for this purpose.
(f)See Appendix 6 of this chapter for the justification table of the scores given to the tests for this purpose.
(g)A combination of agent identification methods applied on the same clinical sample is recommended.
1.	Identification of the agents
1.1.	Selection of specimens samples
Preferred samples specimens from living animals include: milk from mastitic females or from apparently healthy females; nasal swabs and secretions; where there is a high rate of mortality/morbidity in kids; joint fluid from arthritic cases; conjunctival swabs from cases of ocular disease; and blood for antibody detection from affected and non-affected animals (Nicholas & Baker, 1998). The sampling of bulk milk tank provides a convenient way of monitoring flocks and herds for causative mycoplasmas (de la Fe et al., 2025; Tardy et al., 2019). A distinctive smell of putrefaction in the milk is often the first sign of the presence of Mp infection in a herd. The ear canal has also been shown to be a source of pathogenic mycoplasmas, although in practice the presence of non-pathogenic mycoplasmas at this site may make confirmation difficult (Nicholas & Baker, 1998). Mycoplasmas may be isolated from the blood during the acute stage of the disease when there is mycoplasmaemia. From dead animals, samples specimens should include: udder and associated lymph nodes, joint fluid, lung tissue (at the interface between diseased and healthy tissue) and pleural/pericardial fluid. Samples Specimens should be dispatched quickly to a diagnostic laboratory in a moist and cool condition. All four Causative mycoplasmas are relatively easy to isolate from internal organs, joints and milk and grow well in most mycoplasma media, producing medium to large colonies in 3–4 days.
1.2.	Mycoplasma isolation
The usual techniques used in the isolation of mycoplasmas apply to all four causative organisms (Nicholas & Baker, 1998). Many media have been reported to grow the causative mycoplasmas. Improved growth rates of Ma have been seen in media containing organic acids such as pyruvate and isopropanol (Khan et al., 2004). The formulation of PRM medium (Khan et al., 2004) is as follows:
Heat-inactivated porcine serum 100 ml/litre, special peptone 20 g/litre, yeast extract 5 g/litre, glycerol 5 g/litre, sodium chloride 5 g/litre, HEPES (N-2-hydroxyethylpiperazine, N-2-ethanesulphonic acid) 9 g/litre, fresh yeast extract 100 ml/litre, sodium pyruvate 5 g/litre, 12.5 ml of 0.2% phenol red and ampicillin (200,000 International Units/ml. Make up to 1 litre in distilled water and sterilise by filtration. Adjust the pH of the broth medium to 7.6. Prepare solid medium by adding 10 g of LabM agar No. 1 (Bury UK, or agar of equivalent quality) and dispense into sterile Petri dishes. Pleuropneumonia-like organisms (PPLO) (Mycoplasma) agar bases with associated supplements are widely available commercially. 
Thallium acetate (250 mg/litre), which is toxic and inhibitory to some mycoplasmas but not those causing contagious agalactia CA, or colonising the same body site, may be a necessary component of the transport medium to reduce general bacterial contamination from clinical samples, but should be omitted once the mycoplasmas begin to grow in vitro. A satisfactory alternative to thallium acetate may be colistine sulphate (37.5 mg/litre).
1.2.1.	Test procedure
i)	Make tenfold dilutions (101–106) of the liquid sample (milk, synovial fluid, conjunctival and ear swabs) or tissue homogenate in appropriate broth medium.
ii)	Spread a few drops of each sample on the agar medium and dispense a 10% (v/v) inoculum into broth medium.
iii)	Streak swabs directly on to agar medium.
iv)	Incubate inoculated broths (optimally with gentle shaking) and agar media at 37°C in humidified atmosphere with 5% carbon dioxide.
v)	Examine broths daily for signs of growth (indicated by a fine cloudiness or opalescence) or changes in pH indicated by a colour change and examine agar media under ×35 magnification for typical ‘fried egg’ colonies.
vi)	If no mycoplasma growth is seen after 7 days, subculture a 10% (v/v) inoculum of broth into fresh broth and spread about 50 µl of this on to agar media.
vii)	Repeat as for step v. If no mycoplasmas are seen after 21 days’ incubation, consider the results to be negative.
viii)	If bacterial contamination results (seen as excessive turbidity), filter sterilise by passing 1 ml of contaminated broth through a 0.45 µm filter into fresh broth medium.
Clinical samples frequently contain more than one mycoplasma species so clone purification of colonies is often considered necessary before performing biochemical and serological identification, in particular the growth and film inhibition tests (GIT and FIT, respectively). However, cloning is a lengthy procedure taking at least 2 weeks. The immunofluorescence test (Bradbury, 1998), dot immunobinding tests (Poumarat, 1998) and, more recently, polymerase chain reaction (PCR) tests (see Section B.1.5) do not require cloning as these tests can detect the pathogenic mycoplasmas in mixed cultures, saving a great deal of time.
1.3.	Biochemical tests
The first test that should be performed on the cloned isolates is sensitivity to digitonin, which separates mycoplasmas from acholeplasmas; the latter are ubiquitous contaminants that can overgrow the mycoplasmas of interest. Growth in liquid medium containing glucose (1%), arginine (0.2%), and phenolphthalein diphosphate (0.01%), on solid medium containing horse serum or egg yolk for the demonstration of film and spots, and on casein agar or coagulated serum agar to test for proteolysis, are among previously considered to be the most the most useful tests for differentiating the four Ma from the other small ruminant mycoplasmas (Poveda, 1998). Ma will produce film and spots on the surface of the broth and solid media. However, these biochemical characteristics, however have been increasingly found to be variable for the individual mycoplasmas and have little diagnostic value. The most impressive biochemical characteristic that differentiates Mp from all other mycoplasmas is the produces an odour of putrefaction it produces in broth culture when present in a sample. Other features that may be helpful include: film and spot production seen on the surface of the broth and solid media caused by Ma and to a lesser extent by Mp; and the proteolytic activity of Mcc and MmmLC on casein and coagulated serum.
1.4.	Serological identification
Identification of isolates using specific antisera is usually carried out with the GIT, FIT (Poveda & Nicholas, 1998) or the indirect fluorescent antibody (IFA) test (Bradbury, 1998). A dot immunobinding test that is carried out in microtitre plates offers many improvements over the other serological tests such as rapidity and higher throughputs (Poumarat, 1998) but requires subjective judgements of staining intensity. For Ma, film inhibition may often be more reliable as growth inhibition is not seen with all isolates; it can also be used for serodiagnosis. Film production by the mycoplasma may be enhanced by the incorporation of 10% egg yolk suspension into the solid medium.
1.4.1.	Test procedure
i)	Inoculate at least two dilutions of 48-hour cloned broth cultures (10–1 and 10–2) on to predried agar media by allowing 50 µl of the cultures to run down the tilted plates using the ‘running drop’ technique (Poveda & Nicholas, 1998). Remove any excess liquid with a pipette.
ii)	Allow the plates to dry. It is possible to apply two or three well separated running drops to each 90 mm diameter plate.
iii)	Apply pre-dried filter paper discs containing 30 µl of specific antiserum to the culture; ensure good separation of discs (at least 30 mm).
iv)	Incubate the plates as for mycoplasma culture and examine daily by eye against a light background.
1.4.2.	Interpretation of the results
A zone of inhibition over 2 mm, measured from the paper disc to the edge of mycoplasma growth is considered to be significant. Partial inhibition can occur with weak antiserum or where there are mixed cultures. Stronger reactions can be obtained if about 60 µl of antisera is added to 6 mm diameter wells made in the agar with a cork borer or similar device (Poveda & Nicholas, 1998).
In the IFA test, specific antisera are applied to colonies on solid medium. Homologous antiserum remains attached after washing and is demonstrated by adding fluorescein-conjugated antiglobulin, washing, and viewing the colonies with an epifluorescence microscope (Bradbury, 1998). Controls should include known positive and known negative control organisms, and a negative control serum. However like the immunobinding tests subjective judgements are required to assess staining intensity.
Antisera for these serological tests have traditionally been prepared against the type strains of the various Mycoplasma species, and most field isolates have been readily identified using these antisera. As more strains have been examined, however, some have been found to react poorly with these antisera, while reacting well with antisera to other representative strains of the species. Intraspecies variation in antigenic composition has not been reported for Mp, but occurs to some degree with Ma and with Mcc strains. Thus, diagnostic laboratories may need to have several antisera to enable all strains of the species to be identified.
1.5.	Molecular methods – detection of nucleic acids Nucleic acid recognition methods
[bookmark: _Hlk114491232]Extraction of nucleic acids
[bookmark: _Hlk127887220]Different kits and procedures can be used for nucleic acid extraction. The quality and concentration of the extracted nucleic acid is important and can be checked using a suitable method as appropriate to the circumstances. For molecular testing of DNA extracted directly from the clinical sample, it is important to validate the performance of chosen extraction methods for the relevant sample types.
Table 2. Conventional PCRs 
	Pathogen/
target gene
	Primer/probe (5’–3’)
	Concentration
	Cycling parameters(a)

	Method 1: Subrahamaniam et al., 1998; GenBank Accession No. AF003960: amplicon size 1624 bp

	Ma/UvrC 
	MAGAUVRC1-L: CTC-AAA-AAT-ACA-TCA-ACA-AGC 
MAGAUVRC1-R: CTT-CAA-CTG-ATG-CAT-CAT-AA
	400 nM
	35 cycles of: 94°C/30 sec, 50°C/30 sec, 72°C/60 sec

	Method 2: Tola et al., 1997a; GenBank Accession No.: X95628; amplicon size 375 bp

	Ma/P80
	FS1: AAA-GGT-GCT-TGA-GAA-ATG-GC
FS2: GTT-GCA-GAA-GAA-AGT-CCA-ATC-A
	100 nM
	30 cycles of: 94°C/60 sec, 57°C/60 sec, 65°C/60 sec

	Method 3: Marenda et al., 2005; GenBank Accession No.: CL844514 to CL844551; amplicon size 265 bp

	Ma/PolC
	MAPol-1F CAT-TGA-ACC-TCT-TAT-GTC-ATT-TAC-TTT-G
MAPol-5R CTA-TGT-CAT-CAG-CTT-TTG-GGT-GA
	400 nM
	30 cycles of: 94 °C/30 sec, 49 °C/30 sec, 72 °C/30 sec

	Method 4: Manso-Silvan et al., 2007; GenBank Accession No.: BX293980 and CP000123; amplicon size 781 bp (sequence 582 bp)(b) 

	M. mycoides cluster – differentiation from Ma/FusA
	FusA-F: TGA-AAT-TTT-TAG-ATG-GTG-GAG-AA
FusA-R: GGT-AAT-TTA-ATA-GTT-TCA-CGA-TAT-GAA
	400 nM
	35 cycles of: 94°C/30 sec, 52°C/30 sec, 72°C/45 sec 

	Method 5: Greco et al., 2001; amplicon sizes 357 (Ma) 257 (Mmc)/260 (Mcc)(c)bp

	Simultaneous identification of Ma/Mmc/Mcc
	Ma1: AAA-GGT-GCT-TGA-GAA-ATG-GC
Ma2: GTT-GCA-GAA-GAA-AGT-CCA-ATC-A
CL1: TAT-ATG-GAG-TAA-AAA-GAC
CL2: GCA-TCA-TAA-ATA-ATT-G
	100 nM
	30 cycles of: 94°C/60 sec, 46°C/60 sec, 72°C/60 sec

	Method 6: Cillara et al., 2015; GenBank Accession No.: BX293980 and CP000123; amplicon size 911 bp(c)/362 and/or 281

	Differentiation Mmc from Mcc (and from Ma)/lpdA
	LPD-C1-F: AGGTGAAGCTGTTGCTTTAG
LPD-C1-R: TTCCAATAATATGTGCACCTAA
LPD-F: CGATGGAAAAGATCAAATGG
LPD-R: TTGTTGTTCAGTTTTTCCT
	Not provided
	30 cycles of: 95 °C/60 sec, 56 °C/60 sec, 72 °C/90 sec
30 cycles of: 95 °C/60 sec, 50 °C/60 sec, 72 °C/60 sec 

	Method 7: Woubit et al., 2007; GenBank Accession No.: CP000123; amplicon size 375 bp(c)

	M. mycoides cluster – differentiation from Ma
	glk-myc-2F: TGC-ACT-TGG-TGA-ATA-TAR-AAA-AGG
glk-myc-2R: GGA-TCT-AAA-GCR-TGT-ATT-ART-AAT-G
	400 nM
	30 cycles of: 94°C/15 sec, 50°C/15 sec, 72°C/15 sec

	Method 8: Peyraud et al., 2003; GenBank Accession No.: AY282502; amplicon size 316 bp

	Mp/ArcB
	Mput1: AAA-TTG-TTG-AAA-AAT-TAG-CGC-GAC
Mput2: CAT-ATC-ATC-AAC-TAG-ATT-AAT-AGT-AGC-ACC
	400 nM
	30 cycles of: 94°C for 30 sec, 40°C for 30 sec and 72°C for 30 sec

	Method 9: McAuliffe et al., 2005; amplicon size 340 bp

	Differentiates Ma from Mmc, Mcc, Mp/16S rRNA gene
	GC-341F: CGC-CCG-CCG-CGC-GCG-GCG-GGC-GGG-GCG-GGG-GCA-CGG-GGG-GCC-TAC-GGG-AGG-CAG-CAG
R543 ACC-TAT-GTA-TTA-CCG-CG
	200 nM
	30 cycles of: 95°C/60 sec, 55°C/45 sec, 72°C/60 sec


(a)A denaturation step prior to cycling, or final extension step, has not been included. (b)Sequencing of product is required. (c)Digestion or sequencing required.
Table 3. Real-time PCRs
	Pathogen/
target gene
	Primer (5’–3’)
	Concentration
	Cycling parameters(a)

	Method 1: Lorusso et al., 2007; GenBank Accession No. X95628:  amplicon size: 117 bp

	Ma/P81
	Ma For: AAA-CTT-TGA-AGA-TAA-TGA-CAA-A
Ma Rev: TGG-AAT-TAT-GAA-TGA-ACC-ATT
Probe: 6-FAM-TTA-ATC-TTG-ATA-ATA-TAA-GTG-AAC-AGT-TTA-CTA-CT-BHQ1
	600 nM
200 nM
	40 cycles of: 95°C/60 sec, 50°C/30 sec and 60°C/60 sec

	Method 2: Oravcova et al., 2009; GenBank Accession No. AJ344229 amplicon size: 109 bp

	Ma/P40
	MAP40127F: TCA-TTT-ACA-GCA-GTG-CCT-TTA-TTA-G
MAP40235R: CACCTAATGCTTGTTTTTCAACC
Probe MAP40160P: FAM-TGTGATGATAAGAACGAAAATTCACAAA-BHQ1
IAC = MAIACP: VIC-CCATACACATAGGTCAGG-MGB-NFQ
	300 nM
200 nM
	50 cycles of 95°C/15 sec, 60°C/60 sec

	Method 3: Becker et al., 2012; GenBank Accession no. polC and fus A various: see reference: amplicon sizes: 80/83; 95 bp

	Ma/M. mycoides cluster
polC /fusA 
	F1: GCG-CAT-GCT-ACC-GCT-TAT-GT
F2: AAG-GCA-CAT-GCT-ACA-GCT-TAT-GTT-AC
Probe: VIC-ATGGCACTATGAATAGC-NFQ
FusA F: CAA-AAA-GAR-CGT-GTT-GGW-CGT-A
FusA R: CCA-ACA-GCT-GCA-GCA-ATA-TC
MGB Probe: FAM-CGT-ACT-GAA-ATT-GAA-GAA-G-NFQ
	200 and 400 nM
150 to 200 nM
200 and 400 nM
150 to 200 nM
	45 cycles of: 95°C/15 sec and 60°C/60 sec


[bookmark: _Hlk34054492](a)A denaturation step prior to cycling has not been included.
BHQ1, NFQ – non fluorescent quencher to eliminate background fluorescence.
MGB – minor groove binder probe stabilises binding and improve sequence specificity 
1.5.1.	Polymerase chain reaction assays
PCR assays are routinely used in many laboratories and are extremely sensitive. They can provide a rapid early warning system when carried out on clinical samples, enabling a full investigation to take place when results are positive. However negative results should not be considered definitive, as culture of bulk tank milk samples may be more sensitive (Tardy et al., 2019; Tatay-Dualde et al., 2015). Several PCRs specific for Ma have been developed and show similar levels of sensitivity, although they are based on different gene sequences (Table 2) (Dedieu et al., 1995; Marenda et al., 2005; Subrahamaniam et al., 1998; Tola et al., 1997a). They can be used directly on nasal, conjunctival, synovial and tissue samples; they have been used on milk samples where they have been reported to be more sensitive than culture (Tola et al., 1997a), although occasionally undefined inhibitors may interfere with the test. PCRs can also be used, more reliably, on mycoplasmas growing in culture; a 24 hour enrichment of the mycoplasma in the appropriate medium greatly facilitates PCR detection even in the presence of bacterial contamination (Nicholas, 2002). The use of immunomagnetic capture-PCR methods may be more rapid than culture enrichment for detecting Ma from milk samples (Sanna et al., 2014). The PCR based on the uvrC gene has been evaluated in several laboratories (Bashiruddin et al., 2005). Other molecular methods referred to in this chapter for Ma and other mycoplasmas previously added to the aetiology of CA are included in Table 2 as they have been reported widely. The PCRs should be optimised in each laboratory. Positive and negative control DNA should be run in each assay.
A PCR-based method that uses denaturing gradient gel electrophoresis (DGGE) and mycoplasma-specific primers is capable of identifying the majority of small ruminant mycoplasmas, differentiating Ma from Mmc, Mcc and Mp including all the causative agents of contagious agalactia by their migration pattern (McAuliffe et al., 2005). Isothermal PCR methods may be applicable; and has been described for detecting Ma (Rekha et al., 2015).
A positive PCR result, particularly in an area previously free of contagious agalactia CA, should be confirmed by isolation and identification of the mycoplasma using standard procedures.
Individual PCRs have been reported for Mmc (Bashiruddin, 1998) and Mcc (Monnerat et al., 1999) and Mp (Nicholas et al., 2008; Peyraud et al., 2003) (Table 2). respectively. In addition, A multiplex test has been described that can detect simultaneously Ma, Mcc and Mmc (Greco et al., 2001), while Cillara et al. (2015) described a PCR and restriction fragment length polymorphism PCR method based on the lpdA gene to discriminate between Mmc and Mcc. Alternatively, PCR amplification and sequencing of the fusA gene can enable differentiation of these latter two organisms (Manso-Silvan et al., 2007).
1.5.2.	Real-time PCRs
Several Rapid real-time PCRs have been reported for Ma that provide advantages of speed, sensitivity and sample handling (Table 3) (Lorusso et al., 2007). More recently A multiplex real time test has been described which detects all four mycoplasmas simultaneously (Becker et al., 2012), differentiating Ma from the mycoplasmas found in goats belonging to the M. mycoides cluster and is available in a commercial format.
1.5.3.	Micro-array analysis Isothermal molecular assays
Isothermal PCR methods including loop-mediated isothermal amplification (LAMP) may be applicable; and have been described for detecting Ma and recently been commercialised, with a portable instrument and kit developed for specific detection of Ma. Direct testing of milk samples in the field has shown early promise (Tumino et al., 2020). 
Micro-array analysis has been applied to the detection of mycoplasmas. Using probes derived from the 23 rRNA genes and tuf gene target regions, Schnee et al. (2012) have described the identification of 37 mycoplasma species including all four contagious agalactia pathogens. At the time of publication some cross reaction was seen between Ma and the closely related bovine pathogen, M. bovis. The advantages of the test over PCR include ease of operation, high information content and cost-effectiveness.
1.5.4.	Matrix-assisted laser desorption ionisation-time of flight mass spectrometry (MALDI-TOF)
Matrix-assisted laser desorption ionisation-time of flight mass spectrometry (MALDI-TOF) has been used to identify bacteria (Randall et al., 2015), including Mycoplasma species isolated from animals and the causative organisms of contagious agalactia CA (Pèreyre et al., 2013; Spergser et al., 2019). The organisms need to be cultured first, and sometimes only the predominant species is identified in mixed cultures. There is not yet an internationally accessible comprehensive database for veterinary mycoplasmas.
1.5.5.	Test procedure
The PCR detailed for Ma ycoplasma agalactiae has been evaluated in several laboratories (Bashiruddin et al., 2005), whereas other molecular methods referred to in this chapter for M. agalactiae and other contagious agalactia-causing species have not been evaluated to the same extent, and are therefore not detailed. The PCRs may need to should be optimised in each laboratory. Positive and negative control DNA should be run in each assay.
MAGAUVRC1-L	CTC-AAA-AAT-ACA-TCA-ACA-AGC
MAGAUVRC1-R	CTT-CAA-CTG-ATG-CAT-CAT-AA
i)	Extract DNA from Mycoplasma isolates or clinical material using the appropriate method (Bolske et al., 1988).
i)	Carry out PCR methods in 50 µl reaction mixtures containing: 1 µl of sample DNA, 20 pmol of each primer (see above), 1 mM each dNTP, 10 mM Tris/HCl, pH 8.3, 1.5 mM MgCl2, 50 mM KCl and 1.25 mM U Taq DNA polymerase.
ii)	Subject the mixture to 35 amplification cycles in a thermal cycler with the following parameters: 30 seconds at 94°C, 30 seconds at 50°C annealing temperature and 1 minute at 72°C.
iv iii)	Analyse the PCR products by electrophoresis on a 0.7% agarose at 110 V for 2 hours and visualise by staining with ethidium bromide. A 1.7 kb fragment is indicative of the presence of Ma.
2.	Serological tests
2.1.	Enzyme-linked immunosorbent assay
Enzyme-linked immunosorbent assays (ELISAs) using sonicated or Tween-20-treated antigens have been reported to be more sensitive than the CFT for the detection of antibody to Ma in serum (Bergonier et al., 1997). Problems of non-specificity have been overcome by the use of monoclonal or protein G conjugates in the ELISA (Lambert et al., 1998). The use of these conjugates enables the testing of sera from a wide range of mammalian species, including camelids. However, whole or refined cell antigen ELISAs are not currently available commercially.
Only one Two commercial ELISA kits for Ma are is currently widely available, which uses one using a fusion protein (sensitivity 54 84.6% and specificity 100%) and the other using whole cells as target antigens (sensitivity 84% and specificity 96% in sheep or 90% in goats) (Poumarat et al., 2012 Sánchez et al., 2022). There also appeared to be differences in the ability of the tests to detect the responses to different strains equally. The choice of test depends on the objectives of the proposed study, i.e. a less sensitive test would be sufficient for prevalence study where the disease was endemic while a more sensitive test would be required for disease detection in a disease-free region.
ELISAs are not widely available for detecting exposure to Mmc, Mcc and Mp the other three causative mycoplasmas.
2.2.	Complement fixation
A standard complement fixation test (CFT) for Ma has also been applied to Mmc and Mcc other mycoplasmas involved in the contagious agalactia syndrome (Bergonier et al., 1997), but is now rarely used for Ma. Antigens are prepared from washed organisms, standardised by opacity, and lysed, either ultrasonically or by using sodium lauryl sulphate followed by dialysis. Sera are inactivated at 60°C for 1 hour, and the test is carried out in microtitre plates with overnight fixation in the cold or at 37°C for 3 hours. The haemolytic system is added, and the test is read after complete lysis is shown by the antigen control. A positive result is complete fixation at a serum dilution of 1/40 or greater for the following mycoplasmas: Ma, Mcc, and Mmc. The CFT is regarded as a herd test and at least ten sera are tested from each herd, preferably from acute and convalescent cases.
Some sera from healthy flocks react in the CFT using Ma up to a serum dilution of 1/20, but rarely react with the other two antigens. However, in flocks infected with Ma, sera giving a homologous reaction at 1/80 may cross-react at up to 1/40, the positive threshold, with the other two antigens. It is often difficult to perform the CFT if the quality of the test sera is poor; where possible, the ELISA is preferred for Ma.
2.3.	Immunoblotting test
Immunoblotting tests have also been described for Ma and are considered as confirmatory tests for outbreaks in Italy (Nicholas, 1998; Tola et al., 1997b). Strong bands at approximately 80 and 55 kDa were seen with sera with antibodies to Ma, while sera from healthy flocks show no bands or very faint bands of different sizes. Diluting the sera to 1/50 improves the discrimination between positive and negative sera (Nicholas, 1998). On the other hand, Poumarat et al. (2012), using a 1/5 dilution of serum, considered a serum positive for Ma from a flock/herd in France if it contained 4 bands: 80, 48, 40 and 30 kDa suggesting there may be some geographic differences in humoral responses.
c.  REQUIREMENTS FOR VACCINES 
Vaccines for the prevention of contagious agalactia CA due to Ma are used widely in the Mediterranean countries of Europe and in western Asia. No single vaccine has been universally adopted, and no standard methods of preparation and evaluation have been applied.
1.	Vaccines for Mycoplasma agalactiae infection
1.1.	Inactivated vaccines for Mycoplasma agalactiae infection
In Europe where live vaccines for Ma are not acceptable, attention has focused on the use of killed organisms, mostly using formalin and an adjuvant such as aluminium hydroxide in an oil emulsion. The titres of the preparations, before inactivation, are very high (108–1010 colony-forming units per ml) and are derived from laboratory strains. Some products are available commercially, including a trivalent preparations containing Ma, Mcc and Mmc but there are few data are still lacking on their efficacy (Dudek et al., 2022). Autogenous vaccines prescribed for farms with confirmed outbreaks are also used. A formalin-inactivated oil emulsion vaccine was shown to be immunogenic and protective in a small trial in lactating sheep and also prevented transmission of Ma (Greco et al., 2002). However, in a small trial, no potency was evident in a similar commercial product following contact challenge (Agnone et al., 2013). Further limitations of current vaccines include a requirement to re-vaccinate, typically at 6-monthly intervals, and failure to prevent intermittent shedding of the pathogen in milk during lactation.
It is possible that in some instances the apparent lack of protection given by vaccines could be the result of animals being infected with Mmc or Mcc one of the other four mycoplasmas involved in the contagious agalactia syndrome (Gil et al., 1999). A multivalent formalin inactivated vaccine incorporating all four causative mycoplasmas and adjuvanted with saponin and aluminium hydroxide appears to be beneficial in preliminary trials (Ramirez et al., 2001).
More recently Vaccines inactivated with phenol or with saponin have given superior protection against experimental infections compared with formalin, sodium hypochlorite or heat-inactivated vaccines (Tola et al., 1999).
1.2.	Live attenuated vaccines for Mycoplasma agalactiae infection
Live attenuated vaccines against Ma have been used in Turkey for many years and have been reported to provide better protection in ewes and their lambs than inactivated vaccines (Nicholas, 2002; Ozdemir et al., 2019). However, they can produce a transient infection with shedding of mycoplasma. Live vaccines should not be used in lactating animals and should be part of a regional plan in which all flocks from which animals are likely to come into contact be vaccinated at the same time.
2.	Vaccines for Mycoplasma mycoides subsp. capri infection
There is little recent published information on the availability of vaccines for Mmc (Marogna et al., 2015) although it is believed that inactivated vaccines are widely used in many Mediterranean countries and in Asia suggesting that their production and use is localised (Bergonier et al., 1997). Saponised vaccines have been reported in India which provoke a strong antibody response and show some protection (Sunder et al., 2002).
3.	Mycoplasma capricolum subsp. capricolum and M. putrefaciens
Although infections with Mcc and Mp can be severe, their prevalence is relatively low and, as might be expected, little or no work appears to have been carried out on preventive vaccination for these infections.
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[bookmark: _Hlk199600306]Appendix 1: Contagious agalactia
Intended purpose of test: population freedom from infection
	Test with score and species
	Sample type and target analytes 
	Accuracy 
	Test population
	Validation report
	Advantages
	Disadvantages
	References

	Culture and identification of organism ☑☑☐
	Milk, (individual, pooled, bulk tank) ear swabs, nasal swabs: isolation of Ma (and differentiation from Mmc, Mcc and Mp)
	Historical gold standard test
	
	Historical information with no formal validation. See references
	1. Demonstrates shedding of viable pathogen
2. Milk collection non-invasive
	1. Shedding of pathogen is intermittent in absence of clinical signs
2.Most effective undertaken regularly
3. Bulk tank milk may be insufficiently sensitive as sample type for this purpose
4. Expensive, with significant time required to negate presence of pathogen
	Bergonier et al. (1997)
Deeney et al. (2021) 

	Conventional PCR ☑☑☐
	Milk (individual, pooled and bulk milk), ear swabs, nasal swabs: detection of Ma and differentiation from Mmc, Mcc and Mp (various gene targets)
	For a range of M. agalactiae tests accuracy ranged from 87 to 100% depending on assay
	Largely through method comparisons and inter- laboratory comparisons 
Test outlined in the chapter text has been evaluated across several laboratories
PCR-DGGE: continuous passive surveillance of small ruminant mastitis CA in Great Britain
	See references
	1. Wide applicability
2. Simple yes/no answer based on visual detection of PCR product
3. Milk collection non-invasive
	1. Best used in combination with primary or full culture to minimise inhibition
2. Lack of sensitivity for low load samples (typically 102–103 CFU lower sensitivity) compared with real-time PCR
3. Some methods require multi-step confirmatory approach, particularly where organisms belonging to M. mycoides cluster are being considered
	Bashiruddin et al. (2005)
Tola et al. (1997a)
Deeney et al. (2021) 

	Real-time PCR ☑☑☐
	Milk (individual, pooled, bulk tank), ear swab, nasal swab: detection of Ma (P40, polC, P80 or other gene targets); fusA detects M. mycoides cluster thus differentiating from Ma
	Depending in the assay ASe 10 fg of genomic DNA or <10 genome copies/104 CFU/ml in milk – DSe 250 cells in 25 ml of raw milk; up to 100% analytical sensitivity
	Performance of the majority of PCRs in use demonstrated under field conditions mostly in areas where CA is known to be present either sporadically or endemically, but including positive and negative flocks/herds:
1. 373 natural raw sheep milk tank samples
2. 465 bulk milk samples over 2 years from 20 goat herds
3. 49,270 samples from 185 herds over 4 yr in endemic area
4. From a disease-free area – 100 lactating does from three herds
	See references
	1. Kits available that differentiate between Ma and M. mycoides cluster organisms
2. Rapid
3. Can be used directly from samples if validated
4. High sensitivity compared with conventional PCR
5. Suitable for high throughput
6. Milk collection non-invasive
	1. Specialist equipment
2. Sensitivity may depend on DNA extraction protocol
3. PCR should be validated for the samples used to determine suitable for testing for this purpose in normally free population, particularly for sensitivity in bulk milk
4. Commercial kits are relatively expensive
	Oravcová et al. (2009)
Tardy et al. (2019)
de la Fe et al. (2025)
Fitzmaurice et al. (2008)

	CFT ☑☑☑*
	Serum:
Ma whole cell antigen (separate tests for Mmc and Mcc)
	Historical reference test
	N/A
	Historical information with no formal validation
	1. Detects the earlier presenting IgM as well as IgG, so may detect exposure earlier than IgG based ELISA
	1. Considered herd level only
2. Cross reactivity – any non-negative should be followed up by additional testing
3. Test threshold applied could miss healthy carriers
	Bergonier et al. (1997)

	ELISA ☑☑☑**
	Serum, plasma: Ma rP48 (or whole cell antigen)
	For P48 recombinant antigen-based tests: DSp 100%; DSe 76.9–84.6%. For cellular antigen-based test (no longer commercially available): DSp 100%; DSe 79%, a previous study show DSp ranging from 93.9 to 99.9, with the higher figures in the range associated with sheep
	1. 367 sera samples from four herds without a history of CA in the two years prior to sampling
2. 5900 animals from 211 farms with continuous CA monitoring for 20 years
3. 951 serum samples of sheep and goats in disease free country
	See references
For in-house whole cell antigen-based tests historical validation information only may be available
	1. Recombinant antigen ELISA has high specificity
2. Rapid and easy to perform
3. Suitable for high throughout
	1. Measures only IgG response which takes some time to develop after onset of infection
2. Herd level test; multiple animals should be tested in each herd
3. Commercial kits are relatively expensive
4. Some whole cell antigen based ELISAs may be less specific
	Sánchez et al., (2022)
Poumarat et al. (2012)
Dudek et al. (2012)

	Immunoblotting ☑☐☐
	Serum; Ma whole cell antigen (separate tests with Mcc, Mmc antigens)
	Considered historical test
	Assessed mainly by comparison with other serological tests, which includes use of field samples.
	Historical information with no formal validation
See references
	1. Most useful as confirmatory screening test
	1. Lengthy procedure
2. Impractical for mass screening
3. Interpretation can be subjective – requires specialist knowledge
4. Difficult to standardise
	Nicholas (1998)
Poumarat et al. (2012)
de la Fe et al. (2006)


[bookmark: _Hlk199664135][bookmark: _Hlk199666556]*Only recommended for Mcc and Mmc; **Only available for Ma; ~Some ELISA kits state suitable for use with plasma, but this should be validated in-house.
Appendix 2. Contagious agalactia
Intended purpose of test: individual animal freedom from infection
	Test with score and species
	Sample type and target analytes 
	Accuracy 
	Test population
	Validation report
	Advantages
	Disadvantages
	References

	Culture and identification of organism ☑☑☑
	[bookmark: _Hlk199600478]Individual milk, ear swabs, nasal swabs (semen¤, preputia¤, vaginal swab¤) isolation of Ma (and differentiation from Mmc, Mcc and Mp)
	Historical gold standard test
	
	Historical information with no formal validation
See references
	1. Demonstrates shedding of viable pathogen
2. Milk collection non-invasive
	1. Shedding of pathogen may be intermittent in absence of clinical signs in regions where disease is endemic
2. Most effective undertaken regularly
3. Time required to negate pathogen
	Bergonier et al. (1997)

	Conventional PCR ☑☑☑
	Individual milk, ear swabs, nasal swabs: detection/
identification of Ma (various gene targets) and differentiation from Mmc, Mcc and Mp
	For a range of Ma tests accuracy ranged from 87–100% depending on assay
	Method comparisons inter- laboratory comparisons
Test outlined in the chapter text has been evaluated across several laboratories
	 See references
	1. Wide applicability
2. Simple yes/no answer based on visual detection of PCR product
3. Milk collection non-invasive
	1. Best used in combination with primary or full culture to minimise inhibition
2. Lack of sensitivity for low load samples (typically 102–103 CFU lower sensitivity) compared with PCR depending on method. 
3. Some methods require multi-step confirmatory approach, particularly where organisms belonging to M. mycoides cluster need to be considered
4. For endemic areas multiple samples over time required
	Bashiruddin et al. (2005)
Tola et al. (1997a) 
Dedieu et al. (1995) 
Peyraud et al. (2003)
Cillara et al. (2015)

	Real-time PCR ☑☑☑
	Individual milk (ear swab, nasal swab, eye swab): detection/
identification of M. agalactiae. detection of M. agalactiae (P40, polC, P80 or other gene targets); fusA detects M. mycoides cluster thus differentiating from Ma
	Depending on analytical sensitivity of the assay: ASe 10 fg of genomic DNA or <10 genome copies/104 CFU/ml in milk – DSe 250 cells in 25 ml of raw milk; up to 100% ASe
	Performance of the majority of PCRs developed has been demonstrated under field conditions mostly in areas where CA is known to be present either sporadically or endemically, but including positive and negative flocks/herds:
1. 373 natural raw sheep milk tank samples
2. 49,270 samples from 185 herds over 4 years in endemic area.
3. From a disease-free area – 100 lactating does from three herds
	See references
	1. Kits available that differentiate between Ma and M. mycoides cluster organisms
2. Rapid
3. Can be used directly from samples
4. High sensitivity compared with conventional PCR
5. Amenable to high throughput
6. Milk collection non-invasive
	1. Specialised equipment
2. Sensitivity may depend on DNA extraction protocol
3. PCR should be validated for the samples used to determine suitable for testing for respective sample types
4. Commercial kits are relatively expensive
	Oravcová et al. (2009)
de la Fe et al. (2025) (original method Becker at al. [2012])
Fitzmaurice et al. (2008)

	CFT ☑☐☐*
	Serum; antibodies indicating exposure to M. agalactiae (separate tests for Mmc and Mcc)
	Historical reference test
	N/A
	Historical information with no formal validation
See reference
	1. Detects the earlier presenting IgM as well as IgG, so may detect exposure earlier than IgG based ELISA
	1. Considered herd level only; minimal ten animals
2. Cross reactivity – any non-negative should be followed up by additional testing
3. Test threshold applied could miss healthy carriers
	Bergonier et al., (1997)

	ELISA ☑☐☐**
	Serum, plasma; rP48, (or whole cell antigen)
	For P48 recombinant antigen-based tests: DSp 100%; DSe 76.9–84.6%. For cellular antigen-based test (no longer commercially available): DSp 100%; DSe 79%, a previous study show DSp ranging from 93.9 to 99.9, with the higher figures in the range associated with sheep
	367 sera samples from four herds without a history of CA in the 2 years prior to sampling
5900 animals from 211 farms with continuous CA monitoring for 20 years
951 serum samples of sheep and goats in disease free country
	
	1. Recombinant antigen ELISA has high specificity
2. Rapid and easy to perform
	1. Herd level test; multiple animals should be tested in each herd
2. Measures only IgG response which takes some time to develop after onset of infection
3. Commercial kits are relatively expensive
4. Some whole cell antigen based ELISAs may be less specific
	Sánchez et al., (2022)
Poumarat et al. (2012)
Dudek et al. (2012) 

	Immunoblotting ☑☑☐
	Serum: Ma whole cell antigen (also used with Mcc, Mmc whole cell antigens)
	Considered historical test
	Mainly assessed by comparison with other serological tests but includes use of field samples
	Historical information with no formal validation
See references
	1. Suitable for individual animals
2. Most useful as confirmatory screening test
3. Suited to high throughout
	1. Lengthy procedure
2. Impractical for mass screening
3. Interpretation can be subjective – requires specialist knowledge
4. Difficult to standardise
	Nicholas (1998)
Poumarat et al. (2012)
de la Fe et al. (2006) 


*Only recommended for Mcc and Mmc; **Only available for Ma; ~Some ELISA kits state suitable for use with plasma, but this should be validated in-house; ¤Animals intended for breeding/trade of germplasm.

Appendix 3: Contagious agalactia
Intended purpose of test: contribute to eradication policies
	Test with score and species
	Sample type and target analytes 
	Accuracy 
	Test population
	Validation report
	Advantages
	Disadvantages
	References

	Culture and identification of organism ☑☑☑
	Individual and bulk milk, ear swabs, nasal swabs (semen¤ preputia¤, vaginal swab¤) isolation of Ma (and differentiation from Mmc, Mcc and Mp)
	Historical gold standard test
	
	Historical information with no formal validation
	1. Demonstrates shedding of viable pathogen and current infection
2. Milk collection non-invasive
	1. Should be used in combination with serology for this purpose
2. Shedding of pathogen is intermittent in absence of clinical signs
3. Most effective undertaken regularly
4. Time and cost to monitor sufficient animals
	Bergonier et al. (1997)

	Real-time PCR ☑☐☐
	Individual milk, ear swab, nasal swab: detection/identification of Ma (various gene targets P40, polC, P80 or other gene targets); fusA detects M. mycoides cluster thus differentiating from Ma
	Depending on analytical sensitivity of the assay: ASe 10 fg of genomic DNA or <10 genome copies/104 CFU/ml in milk – DSe 250 cells in 25 ml of raw milk; up to 100% ASe
	Performance of the majority of PCRs developed has been demonstrated under field conditions mostly in areas where CA is known to be present either sporadically or endemically but including positive and negative flocks/herds
	See references
	1. Kits available that differentiate between Ma and M. mycoides cluster organisms
2. Rapid
3. Higher sensitivity compared with conventional PCR
4. Suited to high throughout
5. Milk collection non-invasive
	1. Specialist equipment
2. In combination with serology for this purpose
3. Commercial kits are relatively expensive
	de la Fe et al. (2025)
Tardy et al. (2019). https://www.anses.fr/fr/system/files/LABO-Ra-Vigimyc2022.pdf 

	CFT ☑☑☑*
	Serum; antibodies indicating exposure to Ma (alternative antigens for Mmc and Mcc) 
	Historical reference test
	N/A
	Historical information with no formal validation
	1. detects the earlier presenting IgM as well as IgG, so may detect exposure earlier than IgG based ELISA
	1. Considered herd level only; minimal ten animals
2. Cross reactivity – any non-negative should be followed up by additional testing
3. Test threshold applied could miss healthy carriers
	Bergonier et al., (1997)

	ELISA ☑☑☑**
	Serum, plasma; rP48, (or whole cell antigen)
	For P48 recombinant antigen-based tests: DSp 100%; DSe 76.9–84.6%. For cellular antigen-based test (no longer commercially available): DSp 100%; DSe 79%, a previous study show DSp ranging from 93.9 to 99.9, with the higher figures in the range associated with sheep
	1. Continual surveillance of flocks in the Pyrenees – Atlantique region of France
2. 367 sera samples from four herds without a history of CA in the 2 years prior to sampling
3. 5900 animals from 211 farms with continuous CA monitoring for 20 years
	See references
	1. Recombinant antigen ELISA has high specificity
2. Rapid and easy to perform
3. Suitable for high throughout
	1. Herd level test; multiple animals should be tested in each herd
2. Best in combination with PCR
3. Commercial kits are relatively expensive
4. Some whole cell antigen based ELISAs may be less specific
	Les actions de l’Agalactie Contagieuse
Sánchez et al. (2022)
Poumarat et al. (2012)

	Immunoblotting ☑☐☐
	Serum: Ma whole cell antigen (also used with Mcc, Mmc whole cell antigens)
	Considered historical test  
	Mainly assessed by comparison with other serological tests
	Historical information with no formal validation
See references
	1. Most useful as confirmatory screening test
	1. Lengthy procedure
2. Impractical for mass screening
3. Interpretation can be subjective - requires specialist knowledge
4. Difficult to standardise
	Poumarat et al. (2012)
de la Fe et al. (2006)


[bookmark: _Hlk199775398]*Only recommended for Mcc and Mmc; **Only available for Ma; ~Some ELISA kits state suitable for use with plasma, but this should be validated in-house; ¤Animals intended for breeding.
[bookmark: _Hlk199680187]


Appendix 4: Contagious agalactia
Intended purpose of test: confirmation of clinical cases
	Test with score and species
	Sample type and target analytes 
	Accuracy 
	Test population
	Validation report
	Advantages
	Disadvantages
	References

	Culture and identification of organism ☑☑☑
	Individual milk, ocular swab, joint fluid, nasal swab, other fluids/tissues according to clinical signs and whether live or dead animals (including abortifacient material, blood, udder, lymph nodes, lung): isolation of Ma and distinguishing from Mcc, Mmc and Mp as relevant
	Historical gold standard test
	
	Historical information with no formal validation
	1. Demonstrates shedding of viable pathogen
2. Reduces background from sample matrix that can interfere with PCR
3. Ensures mycoplasma-like organism is identified, enabling complementary testing and strain confirmation
4. Recommended requirement following a positive PCR test in an area previously free of contagious agalactia
	1. Requirement for specialist media to minimise overgrowth of contaminants or other pathogens that may be associated with similar clinical signs
2. Further identification methods such as PCR are still required
3. Isolation of pure colony for downstream identification can be lengthy process
	Bergonier et al. (1997)

	Conventional PCR ☑☑☑
	Individual milk, ocular swab, joint fluid, nasal swab, other fluids/tissues according to clinical signs and whether live or dead animals (including abortifacient material, blood, udder, lymph nodes, lung): detection/
identification of Ma (various gene targets). Differentiation from Mmc, Mcc, Mp as relevant
	For a range of Ma tests accuracy ranged from 87–100% depending on assay
	Method comparisons inter- laboratory comparisons using panels of 53–100 isolates (Cillara et al., 2015; Dedieu et al., 1995; Peyraud et al., 2003)
Test outlined in the chapter text has been evaluated using panels across several laboratories as has that of Woubit et al. (2007) for M. mycoides cluster, which also included 21 natural milk samples
357 samples from 21 newly infected flocks (group 1) and 87 samples from eight flocks previously experiencing outbreaks (Tola et al., 1997a)
255 clinical mastitis samples from 80 dairy goats (Tatay-Dualde et al., 2015)
	See references
	1. Wide applicability
2. Simple yes/no answer based on visual detection of PCR product
	1. Best used in combination with primary or full culture to minimise inhibition
2. Lack of sensitivity for low load samples (typically 102–103 CFU lower sensitivity) compared with real-time PCR depending on method
3. Some methods require multi-step confirmatory approach, or sequencing of product, particularly where organisms belonging to M. mycoides cluster are being considered
	Bashiruddin et al. (2005)
Tola et al. (1997a) 
Dedieu et al. (1995)
Tatay-Dualde et al. (2015) 
Peyraud et al. (2003)
Woubit et al. (2007)
Cillara et al. (2015)

	Real-time PCR ☑☑☑
	Individual milk, ocular swab, joint fluid, nasal swab, other fluids/tissues according to clinical signs and whether live or dead animals (including abortifacient material, blood, udder, lymph nodes, lung: detection/identification of Ma (P40, polC, P80 or other gene targets); fusA detects M. mycoides cluster thus differentiating from Ma
	Depending on analytical sensitivity of the assay: ASe 10 fg of genomic DNA or <10 genome copies/104 CFU/ml in milk – DSe 250 cells in 25 ml of raw milk; up to 100% ASe
	Performance of the majority of PCRs developed has been demonstrated under field conditions mostly in areas where CA is known to be present either sporadically or endemically, but including positive and negative flocks/herds:
 –424 milk samples from individual sheep from an infected flock
	See references.
	1. Kits available that differentiate between Ma and M. mycoides cluster organisms
2. Rapid
3. Can be used directly from samples if validated
4. High sensitivity compared with conventional PCR
5. Suitable for high throughput
	1. Specialist equipment
2. Sensitivity may depend on DNA extraction protocol
3. PCR should be validated for the samples used to determine suitability of cut-off value for respective sample types
4. Commercial kits are expensive
	Oravcová et al. (2009)
Becker et al. (2012)

	CFT ☑☑☑*
	Serum; antibodies indicating exposure to Ma (separate tests for Mmc and Mcc)
	Historical reference test
	N/A
	Historical information with no formal validation
	1. Detects the earlier presenting IgM as well as IgG
	1. In combination with antigen testing as considered herd level test
2. Cross reactivity – any non-negative should be followed up by additional testing
3. Test threshold applied could miss healthy carriers
4. Difficult to perform if quality of test sera is poor
5. Does not differentiate between vaccinated and naturally infected animals
	Bergonier et al. (1997)

	ELISA ☑☑☑**
	Serum, plasma; rP48, (or whole cell antigen)
	For P48 recombinant antigen-based tests: DSp 100%; DSe 76.9–84.6%. For cellular antigen-based test (no longer commercially available): DSp 100%; DSe 79%, a previous study show DSp ranging from 93.9 to 99.9, with the higher figures in the range associated with sheep 
	1. 394 sera samples from herds with a previous history of clinical cases of CA including acute and chronic clinical cases
2. 5900 animals from 211 farms with continuous CA monitoring for 20 years
	
	1. Recombinant antigen ELISA has high specificity
2. Rapid and easy to perform
3. Suitable for high throughput
	1. Herd level test – multiple animals. Best in combination with antigen testing
2. Measures only IgG response which takes some time to develop after onset of infection
3. Commercial kits are relatively expensive
4. Some in house whole cell antigen based ELISAs may be less specific
5. Does not differentiate between vaccinated and naturally infected animals
	Sánchez et al. (2022) 
Poumarat et al. (2012)

	Immunoblotting ☑☑☐
	Serum: Ma whole cell antigen (separate tests for Mcc, Mmc whole cell antigens)
	Considered historical test
	Mainly assessed by comparison with other serological tests but includes field samples
	Historical information with no formal validation
-See references
	1. Suitable for individual animals
2. Particularly useful as confirmatory screening test
	1. Lengthy procedure
2. Interpretation can be subjective - requires specialist knowledge
3. Doesn’t differentiate between vaccinated and naturally infected animals
4. Difficult to standardise
	Poumarat et al. (2012)
de la Fe et al. (2006)


[bookmark: _Hlk199777148][bookmark: _Hlk199683200]*Only recommended for Mcc and Mmc; **Only available for Ma; ~Some ELISA kits state suitable for use with plasma, but this should be validated in-house.


Appendix 5: Contagious agalactia
Intended purpose of test: prevalence of infection – surveillance
	Test with score and species
	Sample type and target analytes 
	Accuracy 
	Test population
	Validation report
	Advantages
	Disadvantages
	References

	Culture and identification of organism ☑☐☐
	individual and bulk milk, ocular swab, joint fluid, nasal swab: isolation of Ma (differentiation from Mmc, Mcc, Mp)
	Historical gold standard test
	1. Monthly bulk tank milk samples from 20 farms over 2 years (Tardy et al., 2019)
2. Sheep milk samples from 922 farms (Ariza-Miguel et al., 2012)
3. Ongoing surveillance
	See references
	1. Demonstrates shedding of viable pathogen
2. Reduces background from sample matrix that can interfere with PCR
3. Ensures mycoplasma-like organism is identified, enabling complementary testing and strain confirmation
4. Bulk milk testing is non-invasive way of screening herd
	1. Isolation of pure colony for downstream identification, such as by PCR can be lengthy process, thus expensive for surveillance except on small scale
	Bergonier et al. (1997)
Tardy et al. (2019)
Ariza-Miguel et al. (2012)
Vigimyc network | Anses - Agence nationale de sécurité sanitaire de l’alimentation, de l’environnement et du travail

	Conventional PCR ☑☑☐
	Individual and bulk milk, ear swabs, (nasal swabs, semen¤: detection/identification of Ma (various gene targets). Enables differentiation from Mmc, Mcc and Mp as necessary
	For a range of M. agalactiae tests accuracy ranged from 87 to 100% depending on assay
	Method comparisons inter- laboratory comparisons using panels of 53–100 isolates. 
Field studies conducted mainly in endemic areas – 681 milk samples from 66 herds representing 12.8% of dairy goats. 
1. 357 samples from 21 newly infected flocks (group 1) and 87 samples from eight flocks previously experiencing outbreaks 
2. 255 clinical mastitis samples from 80 dairy goats)
	See references
	1. Wide applicability
2. Simple yes/no answer based on visual detection of PCR product
3. Bulk milk testing is non-invasive way of screening herd
	1. Best used in combination with primary or full culture to minimise inhibition
2. Lack of sensitivity for low load samples (typically 102–103 CFU lower sensitivity) compared with real-time PCR depending on method
3. Some methods require multi-step confirmatory approach, or sequencing of product, particularly where organisms belonging to M. mycoides cluster are being considered
	Bashiruddin et al. (2005)
Dedieu et al. (1995)
Peyraud et al. (2003)
Woubit et al. (2007)
Cillara et al. (2015)
Tola et al. (1997a) 
Tatay-Dualde et al. (2015)

	Real-time PCR ☑☑☐
	Bulk/pooled /individual milk, ear swab, (nasal swab, semen¤): detection/identification of Ma. (P40, polC, P80 or other gene targets); fusA detects M. mycoides cluster thus differentiating from Ma
	Depending on analytical sensitivity of the assay: ASe 10 fg of genomic DNA or <10 genome copies/104 CFU/ml in milk – DSe 250 cells in 25 ml of raw milk; up to 100% ASe
	Performance of the majority of PCRs developed has been demonstrated under field conditions mostly in areas where CA is known to be present either sporadically or endemically, but including positive and negative flocks/herds:
1. 373 natural raw sheep milk tank and 424 individual milk samples
2. Monthly bulk tank milk samples from 20 farms over 2 years
3. Sheep milk samples from 922 farms
4. 681 milk samples from 66 herds representing 12.8% of dairy goats
	See references
	1. Kits available that differentiate between M. agalactiae and M. mycoides cluster organisms
2. Rapid
3. Can be used directly from samples
4. High sensitivity compared with conventional PCR
5. Suitable for high throughout
6. Bulk milk testing is non-invasive way of screening herd
	1. Specialist equipment
2. Sensitivity may depend on DNA extraction protocol
3. PCR should be validated for the samples used to determine suitability of cut-off value for respective sample types
4. Commercial kits are expensive
	Oravcová et al. (2009)
Tardy et al. (2019) 
Ariza-Miguel et al. (2012)
de la Fe et al. (2025)

	LAMP ☑☑☐
	Individual milk: detection of Ma P40 gene
	Se 90%; Sp100%
	Performance for LAMP has been demonstrated under field conditions for 110 individual milk samples of known positive /negative status in endemic area 
	See reference
	1. Commercially available kit for direct detection of Ma in milk
2. Can be performed in real-time in the field
	1. Specialist equipment
2. Limited numbers of samples at any one time depending on platform
3. Method needs wider study in the field
4. Difficult to set up in-house assays for field use due to challenges associated with sample preparation outside the lab environment
	Tumino et al. (2020)

	CFT ☑☑☑*
	Serum; antibodies indicating exposure to Ma (separate tests for Mmc and Mcc) 
	Historical reference test
	N/A
	Historical information with no formal validation
	1. Detects the earlier presenting IgM as well as IgG
	1. Considered herd level only; multiple animals should be tested
2. Cross reactivity – any non-negative should be followed up by additional testing
3. Test threshold applied could miss healthy carriers
4. Largely discontinued for M. agalactiae
5. Difficult to perform if quality of test sera is poor
4. Does not differentiate between vaccinated and naturally infected animals
	Bergonier et al. (1997)

	ELISA ☑☑☑**
	Serum, plasma; rP48, (or whole cell antigen)
	For P48 recombinant antigen-based tests: DSp 100%; DSe 76.9–84.6%. For cellular antigen-based test (no longer commercially available): DSp 100%; DSe 79%, a previous study show DSp ranging from 93.9 to 99.9, with the higher figures in the range associated with sheep 
	1. 394 sera samples from herds with a previous history of clinical cases of CA
2. 5900 animals from 211 farms with continuous CA monitoring for 20 years
3. 24810 samples from six monthly sampling on unvaccinated animals aged 4 years or older over 2 years
	
	1. Recombinant antigen ELISA has high specificity
2. Rapid and easy to perform
3. Suitable for high throughout
	1. Does not differentiate between vaccinated and unvaccinated animals: only for unvaccinated herds/flocks
2.Herd level test; multiple animals should be tested in each herd
3. Measures only IgG response which takes some time to develop after onset of infection
4. Commercial kits are relatively expensive
5. Some whole cell antigen-based ELISAs may be less specific
	1. Sánchez et al. (2022) 
2. Poumarat et al. (2012)
de la Fe et al. (2025)

	Immunoblotting ☑☐☐
	Serum: Ma whole cell antigen (separate tests for Mcc, Mmc whole cell antigens)
	Considered historical test
	Mainly assessed by comparison with other serological tests but includes field samples
	Historical information with no formal validation
See references
	1. Most useful as confirmatory screening test
	1. Lengthy procedure
2. Impractical for mass screening
3. Interpretation can be subjective - requires specialist knowledge
4. Does not differentiate between vaccinated and naturally infected animals
5. Difficult to standardise
	Poumarat et al. (2012)
de la Fe et al. (2006)


*Only recommended for Mcc and Mmc; **Only available for Ma; ~Some ELISA kits state suitable for use with plasma, but this should be validated in house; ¤Animals intended for breeding/trade of germplasm.


Appendix 6: Contagious agalactia
Intended purpose of test: immune status in individual animals or populations post-vaccination
	Test with score and species
	Sample type and target analytes 
	Accuracy 
	Test population
	Validation report
	Advantages
	Disadvantages
	References

	CFT ☑☑☑*
	Serum; antibodies indicating exposure to Ma (separate tests for Mmc and Mcc)
	Historical test. Performance not determined for this purpose
	N/A
	See reference
	
	1. Considered herd level test – need to test multiple animals
2. Detected titre declines quickly over time following vaccination
3. Difficult to perform if quality of test sera is poor
	

	ELISA ☑☑☑**~
	Serum plasma; rP48, (or whole cell antigen)
	Not determined for this purpose
	1. Experimental trial data – 28 ewes receiving one of four vaccinations (P48 recombinant ELISA)
2. Experimental trial involving two commercial Ma vaccines and 700 sheep
3. Experimental trial live vaccine on 30 goats
4. 65 animals (sheep and goats) receiving Ma vaccination
	See Reference
	1. Test is rapid and easy to use
2. Suitable for high throughput
	1. Live vaccines used in Türkiye do not raise a significant protective immune response
2. Considered herd level test
3. Detected titre declines quickly over time following vaccination 
4. Does not differentiate between vaccinated and naturally infected animals
	Agnone et al. (2013)
Mogoş et al. (2021) 
[bookmark: _Hlk199776556]Ozdemir et al. (2019)
Evstatiev et al. (2020)

	Immunoblotting ☑☑☐
	Serum (separate tests for Mcc, Mmc whole cell antigens)
	Not determined for this purpose
	N/A
	Historical information with no formal validation
	1. Most useful as confirmatory screening test
	1. Lengthy procedure
2. Impractical for mass screening
3. Interpretation can be subjective – requires specialist knowledge
4. Does not differentiate between vaccinated and naturally infected animals
5. Difficult to standardise
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