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Real-time PCR for identification of Brucella spp: a comparative study of IS711, bcsp31and per target genes
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Culture is considered as the reference standard assay for diagnosis of Brucella spp. in humans and animals but it is time-consuming and hazardous. In this study, we evaluated the performances of newly designed real-time PCR assays using Taqman® probes and targeting the 3 following specific genes: (i) the insertion sequence IS711, (ii) bcsp31 and (iii) per genes for the detection of Brucella at genus level. The real-time PCR assays were compared to previously described conventional PCR assays targeting the same genes. The genus-specificity was evaluated on 26 Brucella strains, including all species and biovars. The analytical specificity was evaluated on a collection of 68 clinically relevant, phylogenetically related or serologically cross-reacting micro-organisms. The analytical sensitivity was assessed using decreasing DNA quantities of Brucella ovis, B. melitensis bv. 1, B. abortus bv. 1 and B. canis reference strains. Finally, intra-assay repeatability and interassay reproducibility were assessed. All Brucella species DNA were amplified in the three tests.

However, the earliest signal was observed with the IS711 real-time PCR, where it varied according to the IS711 copy number. No cross-reactivity was observed in all three tests. Real-time PCR was always more sensitive than conventional PCR assays. The real-time PCR assay targeting IS711 presented an identical or a greater sensitivity than the two other tests. In all cases, the variability was very low. In conclusion, real-time PCR assays are easy-to-use, produce results faster than conventional PCR systems while reducing DNA contamination risks. The IS711-based real-time PCR assay is specific and highly sensitive and appears as an efficient and reproducible method for the rapid and safe detection of the genus Brucella.

on serological tests and/or cultivation. Serological assays are rapid, sensitive and easy to perform, but lack specificity due to cross-reactions with other bacteria, particularly with Yersinia enterocolitica O:9, that result from O chains antigenic similarity (Young et al., 1991;[START_REF] Wrathall | Serological reactions to Brucella species in British pigs[END_REF]Garin-Bastuji et al., 1999;Godfroid et al., 2002;[START_REF] Nielsen | Serological relationship between cattle exposed to Brucella abortus, Yersinia enterocolitica O:9 and Escherichia coli O157:H7[END_REF]. Therefore, culture remains the "gold standard" for definitive diagnosis, especially in free areas where the positive predictive value of serological tests is very low. However, the zoonotic nature of most Brucella species is a potential hazard for laboratory personnel and cultures must be performed in wellequipped laboratories with highly skilled personnel. Moreover, the process from clinical sample to final diagnosis remains long, and requires a minimum amount of viable Brucella in the specimen. Therefore, PCR-based methods that are simpler, faster, less hazardous and usually more sensitive have been developed [START_REF] Bricker | PCR as a diagnostic tool for brucellosis[END_REF] for Brucella detection, especially those using as targets the 16S rRNA [START_REF] Romero | Specific detection of Brucella DNA by PCR[END_REF]Hermann and De Ridder, 1992; O' [START_REF] O' Leary | Brucella abortus detection by PCR assay in blood, milk and lymph tissue of serologically positive cows[END_REF], and the Brucella Cell Surface 31 kDa Protein (bcsp31) genes [START_REF] Baily | Detection of Brucella melitensis and Brucella abortus by DNA amplification[END_REF][START_REF] Da Costa | Specificity of six gene sequences for the detection of the genus Brucella by DNA amplification[END_REF], which are highly conserved in the genus Brucella. However, with these targets, cross-reactivity has been observed with Ochrobactrum anthropi and O. intermedium [START_REF] Da Costa | Specificity of six gene sequences for the detection of the genus Brucella by DNA amplification[END_REF]Hermann and De Ridder, 1992;[START_REF] Romero | Specific detection of Brucella DNA by PCR[END_REF][START_REF] Navarro | PCR assay for diagnosis of human Brucellosis[END_REF], which is genetically close to the genus Brucella [START_REF] Velasco | Evaluation of the relatedness of Brucella spp. and Ochrobactrum anthropi and description of Ochrobactrum intermedium sp. nov., a new species with a closer relationship to Brucella spp[END_REF]. The perosamine synthetase (per) gene, involved in O-chain biosynthesis, is another highly conserved gene [START_REF] Cloeckaert | An IS711 element dowstream of the bp26 gene in a specific of Brucella spp. Isolated from marine mammals[END_REF] recently used as a PCR 

MATERIALS AND METHODS

Bacterial strains and growth conditions.

The Brucella strains used in this study are listed in Table 1. They included the reference strains of all Brucella species and biovars, the B19, Rev.1 and RB51 vaccine strains, and the S99 strain used for the production of approved diagnostic antigens. Sixty-eight other micro-organisms, including strains either phylogenetically related to Brucella (i.e. belonging to the α-2 proteobacteria group), or sharing common antigens with Brucella, or potentially abortifacient, were used for specificity checking (Table 1).

Brucella strains were grown on blood agar base n°2 (Oxoid, France) supplemented with equine serum (5%) (BABS) at 37°C with 5% CO 2 for 48-72 h. Strains obtained from the BCCM-LMG bacteria collection were grown on LMG-recommended media (http://bccm.belspo.be). Other 

DNA extraction and quantification.

Micro-organisms were harvested, washed and resuspended in phosphate-buffered saline (PBS).

Brucella strains DNA was prepared by the phenol/chloroform method as described previously [START_REF] Da Costa | Specificity of six gene sequences for the detection of the genus Brucella by DNA amplification[END_REF]. The DNA of all other micro-organisms was extracted using either Instagen matrix DNA kit (BioRad, France) for Gram-positive bacteria, or High pure PCR Template Preparation Kit (Roche Diagnostics, France) for gram-negative bacteria, according to the manufacturer's instructions. DNA concentration and purity were spectrophotometrically assessed by reading A 260 and A 280 and confirmed by visualization on 1% agarose gel. Then, DNA was diluted to 1 µg/ml in nuclease-free water and stored at -20°C until required for analysis.

Primers and probes.

The Primer Express software (Version 2.0, Applied Biosystems, France) was used for all the oligonucleotide primers and the fluorescent dye-labelled probes designed in this study on the basis of IS711/IS6501, bcsp31, or per sequences available in GeneBank by using multiple sequence alignment (http://www.ebi.ac.uk/Tools/clustalw2/) to target a conserved region. All primers were purchased from MWG (MWG Biotech, Germany). The in silico specificity was analysed using the Basic Local Alignment Search Tool from the GeneBank database.

The characteristics of the primers used for conventional PCR (single and/or nested) targeting either IS711 or bcsp31 or per sequences are given in Table 2. The bcsp31 primers and single PCR per primers have been previously described [START_REF] Baily | Detection of Brucella melitensis and Brucella abortus by DNA amplification[END_REF][START_REF] Bogdanovich | Validated 5' Nuclease PCR Assay for rapid identification of the genus Brucella[END_REF]. By contrast, primers used for per nested PCR and IS711 primers were newly designed and chosen according to the following criteria: minimum dimer formation, self-complementarity, and minimum homology with known prokaryotic gene sequences. The bcsp31 and per probes were TaqMan MGB™ Probes (Applied Biosystems, France) incorporating a 5' FAM reporter and a minor groove binder group (MGB) with a non-fluorescent quencher (NFQ) at the 3′ end. The IS711 probe was a TaqMan probe (MWG biotech, Germany) labelled at the 5' end with FAM as fluorescent reporter and TAMRA as quenching molecule at the 3' end. The characteristics of primers and probes used for real-time PCR are given in Table 2.

Conventional PCR assay.

Amplifications were carried out using 50 µl reaction volumes. The mixture contained 38.4 µl of RNAse free water, 5 µl of 10X PCR buffer (Promega, France), 200 µM of dNTP mix, 2 mM of MgCl 2 , 1 µM of each primer, 1 U of Taq polymerase (Promega, France) and 1 ng of DNA. The DNA quantities used for the analytical sensitivity corresponded to 10-fold dilutions from 10 -6 to 10 - 15 g/ml. For the IS711 single PCR, reaction mixtures were denatured 5 min at 94°C. Then, the first 5 cycles (precycles) were performed as follows: 1 min at 94°C, 1 min primer annealing at 60°C, and 1 min primer extension at 72°C. Then, the last 35 cycles were performed with an annealing temperature of 55°C. Then, the extension reaction was continued for another 7 min at 72°C to ensure that the final extension step is complete.

The B4/B5 primers, and bruc1/bruc5 primers targeting bcsp31 and per gene respectively were used in the single PCR according to the authors [START_REF] Baily | Detection of Brucella melitensis and Brucella abortus by DNA amplification[END_REF][START_REF] Bogdanovich | Validated 5' Nuclease PCR Assay for rapid identification of the genus Brucella[END_REF]. The bcsp31 nested PCR was carried out as described by Da Costa et al. (1996). The IS711 and per nested PCR were performed for 15 cycles with the same timing steps as described above for the single PCR without precycles.

The reaction products were visualized on 1.5% agarose gels containing 1 µg ethidium bromide per ml. To avoid any contamination, reaction mixture preparation, DNA amplification and gel migration were done in separates rooms. The reaction mixture was initially incubated for 10 min at 95°C. Amplification was performed for 45 cycles of denaturation at 95°C for 15 s, annealing and extension at 60°C for 1 min. The PCR reaction was performed on an AB-prism 7300 (Applied Biosystems, France). Samples were processed in duplicates.

Real-time PCR assay.

Analytical Sensitivity.

Sensitivity was determined by testing decreasing DNA quantities of B. ovis 63/290, B. melitensis 16M, B. abortus 544 and B. canis RM6/66 (10-fold dilutions from 10 -6 to 10 -15 g/ml). These strains were chosen due to their high (B. ovis), and low (B. melitensis, B. abortus and B. canis) copy number of IS711: 38, 7, 7 and 6 respectively, as previously described [START_REF] Ouahrani | Identification and sequence analysis of IS6501, an insertion sequence in Brucella spp.: relationship between genomic structure and the number of IS6501 copies[END_REF].

Analytical Specificity.

The specificity of the different primers and probes was first assayed in silico by using BLAST software in order to avoid non-specific amplification. Analytical specificity was then evaluated on the 68 non-Brucella micro-organisms listed in Table 1. In conventional PCR, 1 ng of B. ovis DNA was used as a positive control. In real-time PCR, an inhibition control (mixture containing both the pathogen DNA and 0.2 ng of B. ovis DNA) was simultaneously tested for each organism. Standard curves were generated using a 10-fold dilution series of DNA ranging from 0.2 ng to 0.2 fg for the TaqMan® assay and were used to determine the cycle threshold (C T ) values and the lower limit of detection of the respective assay. For all PCR assays, the negative control consisted in sterile water instead of DNA template.

Repeatability and reproducibility of the real-time PCR assay.

A c c e p t e d M a n u s c r i p t 8 Seventy-two samples were amplified in the same run for the intra-assay repeatability and 15 samples were amplified in a single run on 4 consecutive days for the inter-assay reproducibility. The respective coefficients of variation (CVs) were then calculated.

RESULTS

Amplification of the IS711, bcsp31 and per genes in Brucella reference strains.

DNA amplification of the three sequences was obtained with all the Brucella species and biovars listed in Table 1. In real-time PCR, for all Brucella strains tested, a low variation in C T values was observed for bcsp31 and per gene targets when the same quantity of DNA was used as template in the assays (C T : 14.49-17.57 with 20 ng of Brucella DNA). By contrast, in the real-time PCR targeting the IS711, the observed C T varied according to the Brucella species and biovars (Table 3).

Moreover, for the same DNA amount, the earliest detection was observed for B. ovis 63/290 and the latest for B. melitensis 16M biovar 1 with a difference of C T of 4.88 (Table 3). A maximum difference of C T of 2.23 was found between bcsp31 and per genes (∆C T bcsp/per, table 3) with an earlier detection for the bcsp31-based PCR. However, the C T observed with IS711 was equal or lower than the one observed with either bcsp31 or per-based PCR, whatever the Brucella species.

The difference of C T observed between IS711 and bcsp31 (∆C T IS/bcsp, table 3) was 0.18-2.35, 0.41-2.50, 0.76-3.52, and 4.81 for B. abortus, B. melitensis, B. suis and B. ovis respectively (Fig. 1; Table 3). Results obtained with DNA from both B. pinnipedialis and B. ceti presented a ∆C T IS/bcsp of 4.44 and 5.71 respectively (Table 3).

Specificity of conventional and real-time PCR assays.

No amplification products were observed in real-time PCR, whatever the target, with any of the non-Brucella micro-organisms tested. In conventional PCR, none of the non-Brucella strains studied were detected when using the IS711 and per gene primers. However, DNA from O. intermedium LMG 3301 and LMG 3306 strains were amplified when using B4/B5 or 

Sensitivity of conventional and real-time PCR assays.

The respective lower limit of detections of conventional and real-time PCR assay observed with 10 fold-serial dilutions of B. abortus, B. melitensis, B. ovis and B. canis DNA are given in Table 4. In all cases, the real-time PCR was more sensitive than the conventional PCR. In conventional PCR assays, the lower limit of detection was identical for bcsp31 and per targets. However, a 50-fold higher sensitivity for B. canis RM6/66 and B. melitensis 16M DNA and a 500-fold higher sensitivity for B. abortus 544 and B. ovis 63/290 were observed for these targets in real-time PCR.

For the IS711 target, a 10-fold maximum variation was observed according to the species tested, with a 50-500 higher sensitivity for the real-time PCR. Finally, the sensitivity of the IS711 target was identical or 10 times higher that the sensitivity of the two other targets, in real-time as well as in conventional PCR (Table 4).

Repeatability and reproducibility of the real-time PCR assay.

Since IS711 appeared as the best candidate for routine brucellosis diagnosis, evaluation of the repeatability and the reproducibility was only done for this target on samples consisting of 0.02 ng of B. ovis 63/290 DNA. The C T values intra-assay and inter-assay CVs were 1.06% and 4.17% respectively (data shown).

DISCUSSION

In the last years, several authors have evaluated the sensitivity and the specificity of real-time PCR assays for the detection of Brucella [START_REF] Bricker | Differentiation of Brucella abortus bv. 1, 2, and 4, Brucella melitensis, Brucella ovis, and Brucella suis bv. 1 by PCR[END_REF][START_REF] Redkar | Real-time detection of Brucella abortus, Brucella melitensis and Brucella suis[END_REF][START_REF] Bricker | PCR as a diagnostic tool for brucellosis[END_REF][START_REF] Newby | Real-time PCR detection of Brucella abortus: a comparative study of SYBR green I, 59-exonuclease, and hybridization probe assays[END_REF][START_REF] Probert | Real-time multiplex PCR assay for detection of Brucella spp., B. abortus, and B. melitensis[END_REF]).

In the present study, we compared the sensitivity and the specificity of three targets, i.e. per, bcsp31 and IS711 genes in real-time PCR, in comparison with conventional PCR. To our knowledge, no Detection of the three targets from Brucella DNA confirms the presence of the IS711, bcsp31 and per genes in all Brucella species and biovars. There was no detectable difference in sensitivity of PCR assays between Brucella species and biovars using bcsp31 and per primers. By contrast, the IS711 detection depends on its copy number among Brucella species and biovars. Nevertheless, the ∆C T IS/bcsp of Brucella species is not really significant. To be relevant, ∆ C T IS/bcsp-based Brucella species identifications should be investigated and validated on a more substantial number of strains of the same species and sub-species in a further work. Differences of C T values obtained between bcsp31 and per real-time PCR assays are assumed to be related to primer performance, since each gene is theoretically present in equal quantities in the prepared DNA.

A greater sensitivity was observed for the IS711 detection by real-time PCR, the highest being observed with B. ovis 63/290 DNA, probably due to its high copy number in the genome (38 copies). B. canis RM6/66 DNA, B. melitensis 16M and B. abortus 544 DNA presented the same results while 6-7 IS711 copies are present in their respective genome (Table 4).

The real-time PCR assays were evaluated with a variety of other bacterial species and were highlighted as being specific; neither micro-organism phylogenetically related, nor pathogens known to share common epitopes with Brucella showed a cross-reaction. Interestingly, no amplification occurred with real-time per primers from Y. enterocolotica O:9 and E. coli O:157, two organisms that contain the per gene, thus indicating the specificity of the selected target sequence (Bogdanovitch et al., 2004). The two sets of real-time PCR IS711 primers presented in this study were selected among many pairs after intensive testing. This careful design of the IS711 primers allowed a significant improvement of the specificity of the assay since no cross-reaction was observed, notably with Ochrobactrum species, the closest phylogenetically relative of Brucella [START_REF] Velasco | Evaluation of the relatedness of Brucella spp. and Ochrobactrum anthropi and description of Ochrobactrum intermedium sp. nov., a new species with a closer relationship to Brucella spp[END_REF][START_REF] Yanagi | Phylogenetic analysis of the family Rhizobiaceae and related bacteria by sequencing of 16S rRNA gene using PCR and DNA sequencer[END_REF]. 

A

  c c e p t e d M a n u s c r i p t INTRODUCTION Brucellosis is a bacterial zoonosis of worldwide importance, and of major public health and economic significance (Godfroid et al., 2005; Pappas et al., 2006). The genus Brucella belongs to the α-proteobacteria group and consists of eight recognized species: B. abortus, B. melitensis, B. suis, B. ovis, B. canis, B. neotomae and the strains recently discovered in marine mammals and in common vole (Microtus arvalis) and published under the respective species names of B. ceti, B. pinnipedialis and B. microti (Foster et al., 2007; Scholtz et al., 2008). Diagnosis is usually based

  Brucella identification (Lübeck et al., 2003; Bogdanovich et al., 2004). The insertion sequence IS711 (Halling et al., 1993), also called IS6501 (Ouahrani et al., 1993) is highly conserved in the genus Brucella but the insertion location as well as the copy number vary according to each species (Ouahrani et al., 1993; Halling et al., 1993). Besides conventional PCR assays, some authors have developed real-time PCR targeting either the IS711, or bcsp31, or per genes to detect Brucella (Matar et al., 1996; Bogdanovich et al., 2004; Debeaumont et al., 2005; Queipo-Ortuno et al., 2005; Navarro et al., 2006; Al Dahouk et al., 2007). This method is more rapid, easier to perform, limits the DNA contamination and enables quantification of the specific PCR products. The aim of this study was to design, optimise and evaluate real-time PCR assays for Brucella spp. detection by targeting IS711, bcsp31, or per genes. Analytical sensitivity and specificity were compared to those of conventional PCR assays already published and targeting the same genes.

  on 5% horse blood agar (bioMérieux, France) at 37°C for 24h-48h. All strains were stored at -20°C in Tryptcase soy broth (bioMérieux, France) with 10% of glycerol.

  TaqMan® PCR was set up in a final volume of 25 µl with 9.65 µl of RNAse free water, 12.5 µl of TaqMan® Universal PCR Master Mix (Applied Biosystems, France), each primer and TaqMan® probe at concentrations of 0.3 µM and 0.2 µM, respectively, and 2 ng of DNA template.

  bcsp31 primers in single PCR. Nevertheless these cross-reactions were not confirmed in nested PCR (data not shown).

A

  c c e p t e d M a n u s c r i p t 10 previously published real-time PCR presented primers based exclusively on the IS711 gene, while this sequence is specific and its copy number could allow improving the sensitivity of the PCR.

  real-time PCR appears to offer several advantages over conventional PCR: it is less labour-intensive, faster and it is a closed system with no need of post-PCR handling, preventing DNA contamination. Therefore, the use of the IS711-based TaqMan® real-time PCR assay appears promising due to it high sensitivity for the safe, rapid and specific detection of the genus Brucella in clinical samples, while the two other targets could be used as confirmatory tools, in order to optimise the diagnostic specificity. However, protocols should be carefully validated on representative numbers of Brucella-infected and -free samples before being implemented in routine diagnosis in animal and human brucellosis.

  , G., Osterman, B.S., Godfroid, J., Jacques, I.,Cloeckaert, A., 2007. Brucella ceti sp. nov. and Brucella pinnipedialis sp. nov. for Brucella strains with cetaceans and seals as their preferred hosts. Int. J. Syst. Evol. Microbiol. 57, 2688-2693. 11. Garin-Bastuji, B., Hummel, N., Gerbier, G., Cau, C., Pouillot, R., Da Costa, M., Fontaine, J.J., 1999. Non specific serological reactions in the diagnosis of bovine brucellosis: experimental oral infection of cattle with repeated doses of Yersinia enterocolitica O: 9.Vet. Microbiol. 66, 223-233. 12. Godfroid, J., Saegerman, C., Wellemans, V., Walravens, K., Letesson, J.J., Tibor, A., Mc Millan, A., Spencer, S., Sanna, M., Bakker, D., 2002. How to substantiate eradication of bovine brucellosis when aspecific serological reactions occur in the course of brucellosis testing. Vet. Microbiol. 90, 461-477. 13. Godfroid, J., Cloeckaert A., Liautard J.P., Kohler S., Fretin D., Walravens K., Garin-Bastuji, B., Letesson, J.J., 2005. From the discovery of the Malta fever's agent to the discovery of a marine mammal reservoir, brucellosis has continuously been a re-emerging zoonosis. Vet. Res. 36, 313-326. 14. Halling, S.M., Tatum, F.M., Bricker, B.J., 1993. Sequence and characterization of an insertion sequence, IS711, from Brucella ovis. Gene. 133, 123-127. 15. Hénault, S., Calvez, D., Thiébaud, M., Boulière, M., Garin-Bastuji, B., 2000. Validation of a nested-PCR based on the IS6501/711 sequence for the detection of Brucella in animal samples. In: Proceedings of the Brucellosis 2000 International Research Conference (including the 53rd brucellosis research conference), Nîmes, France, pp. 45. 16. Herman, L., De Ridder, H., 1992. Identification of Brucella spp. by using the polymerase chain reaction. Appl. Environ. Microbiol. 58, 2099-2101. 17. Lübeck P.S., Skurnik M., Ahrens P., Hoorfar J., 2003. A multiplex PCR-detection assay for Yersinia enterocolitica serotype O:9 and Brucella spp. based on the perosamine synthetase gene. Application to Brucella diagnostics. Adv Exp Med Biol. 529, 451-453.
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TABLE 1 .

 1 Brucella species and biovars and non-Brucella organisms included in this study.

	Agrobacterium radiobacter	LMG 140	BCCM
	Agrobacterium rhizogenes	LMG 150	BCCM
	Agrobacterium tumefaciens	LMG 43.1	BCCM
	Agrobacterium vitis Ochrobactrum intermedium Ochrobactrum intermedium Ochrobactrum anthropi Phyllobacterium myrsinacearum Rhizobium tropici Sinorhizobium meliloti	LMG 8750 LMG3301 LMG 3306 LMG3331 LMG 1.1 LMG 9503 a n u s c r i p t BCCM BCCM DM-UN BCCM BCCM BCCM M LMG 6133 BCCM
	A c c e p t e d Non-Brucella organisms potentially abortifacient	
			21

TABLE 2 .

 2 Brucella primers and probes sequences used for amplification by conventional PCR and real-time PCR 412

	Primer sequence

TABLE 3 .

 3 Comparison of C T values in the real-time PCR assay 414 C T values were obtained from amplification of 20 ng of Brucella DNA; b C T values were obtained from amplification of 2 ng of Brucella DNA;

								IS711	
	Brucella strain	biovar IS711 C T bcsp31 C T per C T ∆ C T IS/bcsp c ∆ C T bcsp/per d	copy	Reference
								number	
	B. melitensis 16M a	1	17.16	17.57	18.30	0.41	0.73	7	AE008917 / AE008918 f
	B. melitensis 63/9 a	2	14.12	16.62	17.08	2.50	0.46	10	Ouahrani et al.,
	B. melitensis Ether a	3	16.11	17.54	18.08	1.43	0.54	9	Ouahrani et al.,
	B. melitensis Rev.1 a	1	15.87	17.31	17.96	1.44	0.65	n.d. e	n.d.
	B. melitensis 53H38 a	1	13.93	15.87	16.66	1.94	0.79	n.d.	n.d.
	B. melitensis 115 a	3	13.01	14.85	15.48	1.84	0.63	n.d.	n.d.
	B. abortus 544 a	1	15	16.69	17.26	1.69	0.57	7	Ouahrani et al.,
	B. abortus 86/8/59 a	2	13.19	15.22	15.78	2.02	0.56	7	Ouahrani et al.,
	B. abortus Tulya a	3	13.66	14.87	15.84	1.20	0.97	6	Ouahrani et al.,

a
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