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Comparison of culture and PCR to detect Mycoplasma agalactiae and Mycoplasma mycoides subsp. capri in ear swabs taken from goats
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This study was designed to evaluate the validity of PCR for the direct detection of Mycoplasma (M.) agalactiae and Mycoplasma mycoides subsp. capri (Mmc), as the two species most frequently causing contagious agalactia (CA) in goats. The PCR method was compared with the traditional culture technique to determine which method was most efficient at identifying all auricular carriers present in herds. The samples analysed were 307 ear swabs taken from goats reared in a CA endemic area. We assessed the validity of each technique to detect each species and agreement between both methods. For each species, the result was taken as true-positive when at least one of the two tests was positive. Of the swabs tested, 246 were scored positive by PCR (235 and 11 for Mmc and M. agalactiae, respectively) and 117 showed a positive culture result (113 for Mmc and 4 for M. agalactiae). 133 of the PCR positive-samples (124 and 9 for Mmc and M. agalactiae, respectively) yielded negative culture results and 4 culture-positive samples tested negative using PCR (2 for each species).

Sensitivity and negative predictive values for PCR were 84.62 and 99.32 (for M. agalactiae) and 99.16 and 97.22% (for Mmc) respectively, and for culture were 30.77 and 97.03 (for M. agalactiae) and 47.08 and 36.08% (for Mmc), respectively. PCR proved to be a rapid and sensitive method for the detection of mycoplasmas in the external ear of asymptomatic carriers. Tools such as this are needed to adopt efficient control measures against CA.

Mycoplasmas have been incriminated in the aetiology of several diseases of ruminants. The species Mycoplasma agalactiae (Ma) and Mycoplasma mycoides subsp. capri (Mmc) have been identified as the most frequent causes of contagious agalactia (CA) [START_REF] Gil | Isolation of mycoplasmas from the external ear canal of goats affected with contagious agalactia[END_REF][START_REF] De La Fe | Microbiological study of contagious agalactia in a serological endemic area[END_REF], a syndrome that produces mastitis, arthritis, keratoconjunctivitis, abortion and pneumonia. Considered among the most serious diseases affecting small dairy ruminants, CA has been endemic in most Mediterranean countries since the end of the 1980's, and causes high economic losses in all affected areas [START_REF] Bergonier | Contagious agalactia of small ruminants: current knowledge concerning epidemiology, diagnosis and control[END_REF][START_REF] Corrales | Contagious agalactia in small ruminants[END_REF].

Since 1981, several mycoplasma species have been identified in the external ear canal of goats, including all species involved in the aetiology of CA syndrome (Cottew andYeats, 1981, 1982;Da Massa, 1983;[START_REF] Damassa | The external ear canal of goats and other animals as a mycoplasma habitat[END_REF][START_REF] Gil | Isolation of mycoplasmas from the external ear canal of goats affected with contagious agalactia[END_REF][START_REF] De La Fe | Microbiological study of contagious agalactia in a serological endemic area[END_REF][START_REF] Mercier | Prevalence of mycoplasmas in external ear canal of goats: Influence of the sanitary status of the herd[END_REF]. Recent results also suggest the presence of high numbers of mycoplasma carriers in herds [START_REF] De La Fe | Microbiological study of contagious agalactia in a serological endemic area[END_REF][START_REF] Mercier | Prevalence of mycoplasmas in external ear canal of goats: Influence of the sanitary status of the herd[END_REF][START_REF] Tardy | Mycoplasma mycoides subsp. mycoides biotype large colony isolates from healthy and diseased goats: prevalence and typing[END_REF].

Although the impact of this carrier state is unknown, the most highly pathogenic mycoplasmas seem to be more frequently isolated from herds with a prior history of mycoplasma infection [START_REF] Mercier | Prevalence of mycoplasmas in external ear canal of goats: Influence of the sanitary status of the herd[END_REF], pointing to a need for efficient diagnostic methods to identify all carriers present in herds.

Contagious agalactia has been traditionally diagnosed by taking samples for culture in several specific media, and this method is also used to detect mycoplasma carriers in goats [START_REF] Gil | Isolation of mycoplasmas from the external ear canal of goats affected with contagious agalactia[END_REF][START_REF] De La Fe | Microbiological study of contagious agalactia in a serological endemic area[END_REF][START_REF] Corrales | Contagious agalactia in small ruminants[END_REF][START_REF] Mercier | Prevalence of mycoplasmas in external ear canal of goats: Influence of the sanitary status of the herd[END_REF]. The difficulties encountered in detecting and identifying mycoplasmas with this method have led researchers to explore the use of newer and faster molecular techniques such as PCR for CA diagnosis [START_REF] Hotzel | A PCR scheme for differentiation of organisms belonging to the Mycoplasma mycoides cluster[END_REF][START_REF] Tola | Rapid and specific detection of Mycoplasma agalactiae by polymerase chain reaction[END_REF]Peyreaud et al., 2003;Manso-Silvan et al., 2007). This technique has demonstrated its validity to detect mycoplasmas in different types [START_REF] Tola | Rapid and specific detection of Mycoplasma agalactiae by polymerase chain reaction[END_REF][START_REF] Dorigo-Zetsma | Comparison of PCR, culture, and serological tests for diagnosis of Mycoplasma pneumoniae respiratory tract infection in children[END_REF][START_REF] Spergser | High prevalence of mycoplasmas in the genital tract of asymptomatic stallions in Austria[END_REF][START_REF] Johnson | A comparison of routine culture with polymerase chain reaction technology for the detection of Mycoplasma species in feline nasal samples[END_REF][START_REF] Stellrecht | Comparison of multiplex PCR assay with culture for detection of genital mycoplasmas[END_REF]. However, its suitability for detecting mycoplasmas in ear swabs to support the health status description of goat herds has not yet been determined. The present study was designed to evaluate the validity of PCR for the direct detection of Ma and Mmc in ear swab samples taken from goats in a CA endemic area with no clinical signs of the disease. Results were compared to those provided by a traditional culture procedure.

Materials and methods

Ear swabs

307 ear swabs were collected and subjected to culture and PCR procedures to detect the presence of mycoplasmas. Samples were collected from 8 Murciano-Granadina goat herds in Murcia (E Spain), where CA is endemic. Most of the samples (n=285) were obtained from herds with a previously confirmed infection by Mycoplasma spp. (Ma and Mmc), while the rest (n=22) were collected from a herd with no known history of CA for use as negative controls.

All the goats tested had been previously examined to confirm they had no clinical signs of CA. Following this clinical examination, ear swabs were taken, placed in transport medium (Sterile transport swab, Copan, Brescia, Italy), immediately refrigerated (4ºC) and transported to the laboratory, where they were processed on the day of collection. As soon as they arrived at the laboratory, the swabs were twirled and left in 1 ml of PH culture medium [START_REF] Kirchhoff | Isolation of a motile mycoplasma from fish[END_REF] for 30 minutes at room temperature. After discarding the swabs, aliquots of the remaining fluid were taken for culture and PCR and the rest was stored at -80ºC.

DNA extraction and PCR

A c c e p t e d M a n u s c r i p t 5 DNA was extracted from samples using a previously described method [START_REF] Tola | Detection of Mycoplasma agalactiae in sheep milk samples by polymerase chain reaction[END_REF] with some modifications. Briefly, 200 µl of each sample were incubated for 10 min at room temperature with 100 µl of denaturation buffer (0.5 M NaOH, 1.5 M NaCl) and then for a further 10 min at room temperature with 40 µ1 of silica particles suspended in 900 µ1 of lysis buffer (10.12 M guanidine isothiocyanate, 0.1 M Tris-HCl, pH 6.4, 0.11 M EDTA, pH 8.0, 2.6% Triton X-100). After centrifugation at 14,000 X g for 30 s, the pellet was washed twice with washing buffer (10.12 M guanidine isothiocyanate, 0.1 M Tris-HCl, pH 6.4), twice with 70% ethanol and once with acetone. The dried pellet was then resuspended in 100 µ1 of TE buffer (10 mM Tris-HCl, pH 8.0, 1mM EDTA, pH 8.01), heated at 56°C for 10 min, briefly vortexed and centrifuged at 14,000 X g for 2 min. 8 µ1 of supernatant were added to the reaction mixture for amplification.

PCR-based detection assays for Ma and Mmc [START_REF] Hotzel | A PCR scheme for differentiation of organisms belonging to the Mycoplasma mycoides cluster[END_REF][START_REF] Tola | Rapid and specific detection of Mycoplasma agalactiae by polymerase chain reaction[END_REF] were performed in a total volume of 25 µl. Taq DNA polymerase (Bio Line, Barcelona, Spain) was used for amplification according to the manufacturer's instructions in an i-cycler DNA thermal cycler (Bio-Rad, Hercules, CA, USA). The PCR amplification products were analysed by gel electrophoresis on 1% (w/v) agarose gels and visualised after staining with ethidium bromide using a UV transilluminator (Syngene, Frederick, MD, USA).

Mycoplasma cultures

Solid and liquid pH media [START_REF] De La Fe | Microbiological study of contagious agalactia in a serological endemic area[END_REF] were inoculated with 0.2 ml of each sample and incubated at 37ºC in a 5% CO 2 humid atmosphere. Isolates from previously cloned single colonies were used for preliminary identification based on biochemical and serological tests. The biochemical tests performed were: sensitivity to digitonin, glucose and mannose fermentation, arginine and urea hydrolysis, tetrazolium reduction, film and spot production and phosphatase activity [START_REF] Poveda | Biochemical Characteristics in Mycoplasma Identification[END_REF]. The serological method [START_REF] Poveda | Serological identification of mycoplasmas by growth and metabolic inhibition tests[END_REF] was a growth inhibition test using monospecific hyperimmune antiserum A c c e p t e d M a n u s c r i p t 6 obtained from rabbits against the corresponding reference strains. Final identification was based on the results of a specific PCR test [START_REF] Hotzel | A PCR scheme for differentiation of organisms belonging to the Mycoplasma mycoides cluster[END_REF][START_REF] Tola | Rapid and specific detection of Mycoplasma agalactiae by polymerase chain reaction[END_REF]Peyreaud et al., 2003).

Interpretation of results and statistical analyses

Data were analyzed to determine the number of samples testing positive using each technique. A true-positive result for each species was defined as at least one of the two tests (culture or PCR) proving positive. Sensitivity and negative predictive values (NPV) for each technique and mycoplasma species, and agreement between the techniques were determined using the kappa test as implemented in the Win Episcope 2.0 software package [START_REF] Thrusfield | Win Episcope 2.0: improved epidemiological software for veterinary medicine[END_REF]. By definition, the specificity and positive predictive values (PPV) of both assays were 100%.

Results

Clinical samples

Of the 307 swabs from 8 goat herds analyzed, 80.7% (248) yielded one of the potentially pathogenic mycoplasmas evaluated, and only 59 samples (19.3%) scored negative for both species using both diagnostic methods, including the 22 samples used as negative controls. Thus, the prevalence of both species in the ear canal was high in all the herds. These herds all suffered the form of the diseases typically observed in CA endemic areas, which is characterized by the absence of classical symptoms with the exception of some mastitis. This prevalence contrasted with the absence of the mycoplasma species detected in the ear canals of goats reared in the herd used as control with no history of CA. In 2 of the samples checked (0.66%), both species were detected together. Despite the fact that several mycoplasma strains could be concomitantly carried in the same ear canal, the combined presence of 2 pathogenic species seems to be less common. 1.

Validity variables and agreement

The validity variables determined (sensitivity and NPV of the culture and PCR methods to detect Ma and Mmc) are shown in Tables 2 and3. The results obtained indicate a PCR detection rate for both species of mycoplasma improved by more than 100% over the culture technique (235 versus 113 true-positives for Mmc, and 11 versus 4 for Ma). The kappa values obtained were 0.252 (0.154-0.351, 95% CI) for Ma and 0.28 (0.2-0.360, 95% CI) for Mmc.

Discussion

PCR techniques developed in the past 12 years for the detection of mycoplasmas causing CA have demonstrated their suitability for CA diagnosis using an array of samples including milk, nasal swabs, eye swabs, vaginal swabs and carpal joint fluid [START_REF] Dedieu | Development of two PCR assays for the identification of mycoplasmas causing contagious agalactia[END_REF][START_REF] Hotzel | A PCR scheme for differentiation of organisms belonging to the Mycoplasma mycoides cluster[END_REF][START_REF] Tola | Rapid and specific detection of Mycoplasma agalactiae by polymerase chain reaction[END_REF][START_REF] Tola | Detection of Mycoplasma agalactiae in sheep milk samples by polymerase chain reaction[END_REF][START_REF] Greco | A multiplex-PCR for the diagnosis of contagious agalactia of sheep and goats[END_REF]Peyreaud et al., 2003;Manso Silvan et al., 2007). The results of the present study reveal that PCR is also an effective rapid tool for directly detecting Ma and Mmc in ear swabs taken from goats, as the agents that most frequently cause CA. The detection of asymptomatic carriers is of special interest in herds assumed CA-free. In addition, the emergence of CA in non-infected herds has been almost always linked to the introduction of carriers of Mycoplasma spp., and the most common infection site is the external ear canal [START_REF] Corrales | Contagious agalactia in small ruminants[END_REF]. The peculiar features and risks of this carrier state determine that it may occur independently of any A c c e p t e d M a n u s c r i p t 8 clinical expression [START_REF] Bergonier | Contagious agalactia of small ruminants: current knowledge concerning epidemiology, diagnosis and control[END_REF], so clinically healthy and serologically negative animals can carry the causative mycoplasmas at this anatomical site [START_REF] Damassa | Prevalence of mycoplasmas and mites in the external auditory meatus of goats[END_REF][START_REF] De La Fe | Microbiological study of contagious agalactia in a serological endemic area[END_REF]. Ear-infecting mycoplasmas have also been detected in animals clinically affected during an outbreak of CA [START_REF] Gil | Isolation of mycoplasmas from the external ear canal of goats affected with contagious agalactia[END_REF]. Hence, the successful diagnosis of carriers is essential so that appropriate control measures can be quickly installed [START_REF] Corrales | Contagious agalactia in small ruminants[END_REF].

The specificity of the two methods tested here was 100% by definition and in the absence of false positives, our results confirm that PCR is more sensitive than the culture method to detect both mycoplasmas in ear swabs. The improved sensitivity of PCR over culture methods for detecting Ma in milk samples has been previously reported [START_REF] Tola | Detection of Mycoplasma agalactiae in sheep milk samples by polymerase chain reaction[END_REF]. This finding has also been confirmed in studies in which PCR and culture techniques were used to detect other mollicutes such as M. pneumoniae and genital mycoplasmas in swabs taken from different anatomical sites in humans [START_REF] Luki | Comparison of polymerase chain reaction assay with culture for detection of genital mycoplasmas in perinatal infections[END_REF][START_REF] Dorigo-Zetsma | Comparison of PCR, culture, and serological tests for diagnosis of Mycoplasma pneumoniae respiratory tract infection in children[END_REF][START_REF] Spergser | High prevalence of mycoplasmas in the genital tract of asymptomatic stallions in Austria[END_REF][START_REF] Johnson | A comparison of routine culture with polymerase chain reaction technology for the detection of Mycoplasma species in feline nasal samples[END_REF][START_REF] Stellrecht | Comparison of multiplex PCR assay with culture for detection of genital mycoplasmas[END_REF]. In addition, culture and PCR showed weak agreement [START_REF] Thrusfield | Chapter 17. Diagnostic testing[END_REF] with a kappa value of 0.252 obtained for Ma and 0.28 for Mmc. Compared to the traditional culture method, PCR has the advantage that it detects both viable and non-viable organisms [START_REF] Stellrecht | Comparison of multiplex PCR assay with culture for detection of genital mycoplasmas[END_REF], hence its enhanced sensitivity. Four of our samples were PCR negative but yielded a positive culture result for Ma (n=2) and Mmc (n=2). Several factors such as the presence of Taq polymerase inhibitors or gene sequence variations lead to false negative PCR results.

Although our study was not designed to determine the prevalence of carriers in CA infected herds or confirm the presence of carriers in herds thought to be CA-free, the number of swabs scoring positive for the two species of mycoplasma was high. Thus, 80.7% of the samples taken proved positive for Mmc or Ma based on PCR, culture or both techniques.

These results are in agreement with recent reports from France and Spain where a high A c c e p t e d M a n u s c r i p t 

  for Mmc was obtained in 237 samples whereas Ma was detected in 13 of the swabs tested. Only 70 samples (22.8%) scored negative for Mmc using both diagnostic methods while 294 (95.7%) scored negative for Ma. According to the techniques used, 235 samples tested positive for Mmc and 11 for Ma using PCR, whereas 113 samples were culture positive for Mmc and only 4 for Ma. The numbers of samples testing positive for each mycoplasma species according to the test used are provided in Table

Table 1 .

 1 Numbers and percentages of samples testing positive for Mycoplasma agalactiae and Mycoplasma mycoides subsp. capri using culture versus PCR techniques

	Table 1						
	Mycoplasma species	Tested	Positive	Number of samples C+ a PCR+ b C+ a PCR-c	C-d PCR+ c	Negative
			result (%)	(%)	(%)	(%)	result (%)
	Ma	307	13 (4.2)	2 (0.65)	2 (0.65)	9 (2.9)	294 (95.8)
	Mmc	307	237 (77.2)	111 (36.2)	2 (0.65)	124 (40.4)	70 (22.8)
	a Positive culture result b Positive PCR result c Negative PCR result d Negative culture result					

Table 2 .

 2 Validity variables of the culture and PCR techniques used to detect Mycoplasma agalactiae in ear swab samples

	% (95% confidence interval)	Culture	PCR
	Sensitivity	30.77 (5.68-55.86)	84.62 (65.00-100)
	Specificity	100 a	100 a
	Positive predictive value	100 a	100 a
	Negative predictive value	97.03 (95.12-98.94)	99.32 (98.39-100)
	Youden J	0.301 (0.057-0.559)	0.846 (0.650-1)

a 100% by definition

Table 2

 2 

Table 3 .

 3 Validity variables of the culture and PCR techniques used to detect Mycoplasma mycoides subsp. capri in ear swab samples

	% (95% confidence interval)	Culture	PCR
	Sensitivity	47.68 (41.32-54.04)	99.16 (97.99-100)
	Specificity	100 a	100 a
	Positive predictive value	100 a	100 a
	Negative predictive value	36.08 (29.32-42.84)	97.22 (93.43-100)
	Youden J	0.476 (0.413-0.540)	0.992 (0.980-1)

a 100% by definition

Table 3
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A c c e p t e d M a n u s c r i p t 9 number of carriers was also observed [START_REF] Gil | Isolation of mycoplasmas from the external ear canal of goats affected with contagious agalactia[END_REF][START_REF] De La Fe | Microbiological study of contagious agalactia in a serological endemic area[END_REF][START_REF] Mercier | Prevalence of mycoplasmas in external ear canal of goats: Influence of the sanitary status of the herd[END_REF]. In view of the sensitivity shown by our culture technique, the numbers of mycoplasma carriers reported in these studies could be underestimated since this was the method used in all these reports. Consistent with our results, in recent studies Mmc was the mycoplasma species most detected in the external ear [START_REF] De La Fe | Microbiological study of contagious agalactia in a serological endemic area[END_REF][START_REF] Mercier | Prevalence of mycoplasmas in external ear canal of goats: Influence of the sanitary status of the herd[END_REF]. Given the need for an improved understanding of the true pathogenesis of mycoplasma strains isolated from this anatomical region, a recent investigation has focused on characterizing isolates from ears along with those considered responsible for CA outbreaks [START_REF] Tardy | Mycoplasma mycoides subsp. mycoides biotype large colony isolates from healthy and diseased goats: prevalence and typing[END_REF]. In our opinion, there is an urgent need to determine carrier proportions in infected and non-infected herds and to confirm the real existence of carriers in herds assumed CA-free.

These two unanswered questions regarding the epidemiology of CA are crucial for real control of the disease. Thus, the presence of asymptomatic carriers means the health status of a herd cannot be truly known and there is a risk of subsequent propagation of the aetiological agents [START_REF] Mercier | Prevalence of mycoplasmas in external ear canal of goats: Influence of the sanitary status of the herd[END_REF]. This occurred in Sardinia (Italy), where the disease was introduced by carrier sheep from the mainland [START_REF] Sanguinetti | Contagious agalactia and mycoplasma mycoides: The situation in Italy[END_REF].

In conclusion, PCR is a more rapid and effective method than the standard culture technique for the detection of M. agalactiae and Mmc in ear swab samples taken from goats.