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ABSTRACT

Culture is considered as the reference standagy dss diagnosis oBrucella spp. in humans and
animals but it is time-consuming and hazardoughis study, we evaluated the performances of
newly designed real-time PCR assays using Tagmaal@ep and targeting the 3 following specific
genes: i) the insertion sequencey., (ii) bcsp3l and (ii) per genes for the detection Bfucella

at genus level. The real-time PCR assays were caupa previously described conventional PCR
assays targeting the same genes. The genus-sjigcifias evaluated on 28rucella strains,
including all species and biovars. The analytigacificity was evaluated on a collection of 68
clinically relevant, phylogenetically related orr@egically cross-reacting micro-organisms. The
analytical sensitivity was assessed using decrgd3MA quantities oBrucella ovis, B. melitensis

bv. 1, B. abortus bv. 1 andB. canis reference strains. Finally, intra-assay repedtglaind inter-
assay reproducibility were assessed. Bxilicella species DNA were amplified in the three tests.
However, the earliest signal was observed with #8741 real-time PCR, where it varied according
to the 1911 copy number. No cross-reactivity was observedlitheee tests. Real-time PCR was
always more sensitive than conventional PCR assHys.real-time PCR assay targeting1$
presented an identical or a greater sensitivity ttiee two other tests. In all cases, the varigbilit
was very low. In conclusion, real-time PCR assays easy-to-use, produce results faster than
conventional PCR systems while reducing DNA contetion risks. The I8l1-based real-time
PCR assay is specific and highly sensitive and agpas an efficient and reproducible method for

the rapid and safe detection of the geBuscella.

Keywords:Brucella, real-time PCRbcsp3l, per, I1S711, genus-specific identification.
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INTRODUCTION

Brucellosis is a bacterial zoonosis of worldwideportance, and of major public health and
economic significance (Godfroid et al., 2005; Papptal., 2006). The gen@sucella belongs to
the a-proteobacteria group and consists of eight reasghispeciesB. abortus, B. melitensis,

B. suis, B. ovis, B. canis, B. neotomae and the strains recently discovered in marine malsiand in
common vole Microtus arvalis) and published under the respective species nah&s ceti,

B. pinnipedialis andB. microti (Foster et al., 2007; Scholtz et al., 2008). Dagim is usually based
on serological tests and/or cultivation. Serolobassays are rapid, sensitive and easy to perform,
but lack specificity due to cross-reactions withhest bacteria, particularly withYersinia
enterocolitica O:9, that result from O chains antigenic similaiYoung et al., 1991; Wrathall et
al., 1993; Garin-Bastuji et al., 1996&odfroid et al., 2002; Nielsen et al., 2004). Hiere, culture
remains the “gold standard” for definitive diagysespecially in free areas where the positive
predictive value of serological tests is very Iddowever, the zoonotic nature of md&tucella
species is a potential hazard for laboratory persband cultures must be performed in well-
equipped laboratories with highly skilled personimébreover, the process from clinical sample to
final diagnosis remains long, and requires a mimmamount of viablérucella in the specimen.
Therefore, PCR-based methods that are simpleerfdsss hazardous and usually more sensitive
have been developed (Bricker, 2002) Brucella detection, especially those using as targets the
16S rRNA (Romero et al., 1995; Hermann and De Ridii892; O’Leary et al., 2006), and the
Brucella Cell Surface 31 kDa Proteibgsp31) genes (Baily et al., 1992; Da Costa et al., 1996)
which are highly conserved in the gerBrsicella. However, with these targets, cross-reactivity has
been observed witchrobactrum anthropi and O. intermedium (Da Costa et al., 1996; Hermann
and De Ridder, 1992; Romero, 1995; Navarro etl@099), which is genetically close to the genus
Brucella (Velasco et al.,, 1998). The perosamine synthetase) @ene, involved in O-chain

biosynthesis, is another highly conserved geneg&Haert et al., 2000) recently used as a PCR

3
Page 3 of 34



71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

target forBrucella identification (Lubeck et al., 2003; Bogdanovichat., 2004). The insertion
sequence [Bl1 (Halling et al., 1993), also called @301 (Ouahrani et al., 1993) is highly
conserved in the genuBrucella but the insertion location as well as the copy bemvary
according to each species (Ouahrani et al., 1988ing et al., 1993). Besides conventional PCR
assays, some authors have developed real-time B@Btihg either the [&1, or bcsp31l, or per
genes to deteddrucella (Matar et al., 1996; Bogdanovich et al., 2004; &abmont et al., 2005;
Queipo-Ortuno et al., 2005; Navarro et al., 2006Dahouk et al., 2007). This method is more
rapid, easier to perform, limits the DNA contamioatand enables quantification of the specific
PCR products. The aim of this study was to desigtimise and evaluate real-time PCR assays for
Brucella spp. detection by targeting 718L, bcsp31, or per genes. Analytical sensitivity and
specificity were compared to those of conventid?@R assays already published and targeting the

same genes.

MATERIALSAND METHODS

Bacterial strainsand growth conditions.

The Brucella strains used in this study are listed in Tabl@Hey included the reference strains of
all Brucella species and biovars, the B19, Rev.1 and RB51 raatrains, and the S99 strain used
for the production of approved diagnostic antigeBisty-eight other micro-organisms, including
strains either phylogenetically relatedBaucella (i.e. belonging to the-2 proteobacteria group), or
sharing common antigens witBrucella, or potentially abortifacient, were used for sfieity
checking (Table 1).

Brucella strains were grown on blood agar base n°2 (Oxeidnce) supplemented with equine
serum (5%) (BABS) at 37°C with 5% GQ@or 48-72 h. Strains obtained from the BCCM-LMG

bacteria collection were grown on LMG-recommendeddia (http://bccm.belspo.he Other
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95 cultures were grown on 5% horse blood agar (biod#sj France) at 37°C for 24h-48h. All strains
96 were stored at -20°C in Tryptcase soy broth (bid#ét, France) with 10% of glycerol.
97 DNA extraction and quantification.

98 Micro-organisms were harvested, washed and resdspeim phosphate-buffered saline (PBS).
99 Brucella strains DNA was prepared by the phenol/chlorofonethod as described previously (Da
100 Costa et al.,, 1996). The DNA of all other micro-amgms was extracted using either Instagen
101 matrix DNA kit (BioRad, France) for Gram-positiveadieria, or High pure PCR Template
102 Preparation Kit (Roche Diagnostics, France) forngreegative bacteria, according to the
103 manufacturer’s instructions. DNA concentration gndity were spectrophotometrically assessed

104 by reading Aso and Agoand confirmed by visualization on 1% agarose geénil DNA was diluted
105 to 1 pg/mlin nuclease-free water and stored &tG2til required for analysis.

106 Primersand probes.

107 The Primer Express software (Version 2.0, ApplieidsBstems, France) was used for all the
108 oligonucleotide primers and the fluorescent dyesli@lol probes designed in this study on the basis
109 of IS711/1S6501, bcsp3l, or per sequences available in GeneBank by using mulSplguence

110 alignment (http://www.ebi.ac.uk/Tools/clustalyw2b target a conserved region. All primers were

111 purchased from MWG (MWG Biotech, Germany). Thesilico specificity was analysed using the
112 Basic Local Alignment Search Tool from the GeneBdatabase.

113 The characteristics of the primers used for conwaat PCR (single and/or nested) targeting either
114 IS711 or bcsp3l or per sequences are given in Table 2. Hegp31 primers and single PCRer
115 primers have been previously described (Baily £t1892; Bogdanovich et al., 2004). By contrast,
116 primers used foper nested PCR and T&1 primers were newly designed and chosen according t
117 the following criteria: minimum dimer formation, Iseomplementarity, and minimum homology

118 with known prokaryotic gene sequences.
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119 The bcsp31l and per probes were TagMan MGB™ Probes (Applied Biosystefsance)
120 incorporating a 5° FAM reporter and a minor groduader group (MGB) with a non-fluorescent
121  quencher (NFQ) at the’ 8nd. The 1311 probe was a TagMan probe (MWG biotech, Germany)
122 labelled at the 5’ end with FAM as fluorescent m@oand TAMRA as quenching molecule at the
123 3’ end. The characteristics of primers and protzesidor real-time PCR are given in Table 2.

124 Conventional PCR assay.

125 Amplifications were carried out using 0 reaction volumes. The mixture contained 3@.4f
126 RNAse free water, bl of 10X PCR buffer (Promega, France), 200 of dNTP mix, 2 mM of
127 MgCl,, 1uM of each primer, 1 U of Taq polymerase (Promeganée) and 1 ng of DNA. The
128 DNA quantities used for the analytical sensitivityrresponded to 10-fold dilutions from 4@ 10
129  *°g/ml. For the 1311 single PCR, reaction mixtures were denatured 5an@%°C. Then, the first 5
130 cycles (precycles) were performed as follows: 1 ati®4°C, 1 min primer annealing at 60°C, and
131 1 min primer extension at 72°C. Then, the last $bles were performed with an annealing
132 temperature of 55°C. Then, the extension reactias wontinued for another 7 min at 72°C to
133 ensure that the final extension step is complete.

134 The B4/B5 primers, and brucl/bruc5 primers targghicsp31l andper gene respectively were used
135 in the single PCR according to the authors (Batlyale 1992; Bogdanovich et al., 2004). The
136 bcsp3l nested PCR was carried out as described by DaaG@dstl. (1996). The IB1 and per
137 nested PCR were performed for 15 cycles with thmeséiming steps as described above for the
138 single PCR without precycles.

139 The reaction products were visualized on 1.5% agagels containing 1 pg ethidium bromide per
140 ml. To avoid any contamination, reaction mixtureegaration, DNA amplification and gel
141 migration were done in separates rooms.

142 Real-time PCR assay.
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143 Real-time TagMan® PCR was set up in a final volwh@5 pl with 9.65 pl of RNAse free water,
144 12.5 pl of TagMan® Universal PCR Mastdix (Applied Biosystems, France), each primer and
145 TagMan® probe at concentrations of 0.3 uM and O/R gespectively, and 2 ng of DNA template.
146 The reaction mixture was initially incubated for hin at 95°C. Amplification was performed for
147 45 cycles of denaturation at 95°C for 15 s, anngadind extension at 60°C for 1 min. The PCR
148 reaction was performed on an AB-prism 7300 (ApplBidsystems, France). Samples were
149 processed in duplicates.

150 Analytical Sensitivity.

151 Sensitivity was determined by testing decreasingADjiantities ofB. ovis 63/290,B. melitensis
152  16M, B. abortus 544 andB. canis RM6/66 (10-fold dilutions from 18to 10 g/ml). These strains
153 were chosen due to their higB. Evis), and low B. melitensis, B. abortus and B. canis) copy
154 number of 1I911: 38, 7, 7 and 6 respectively, as previously descrilOuahrani et al, 1993).

155 Analytical Specificity.

156 The specificity of the different primers and proheas first assayeth silico by using BLAST
157 software in order to avoid non-specific amplificaiti Analytical specificity was then evaluated on
158 the 68 norBrucella micro-organisms listed in Table 1. In conventioR&IR, 1 ng oB. ovis DNA
159 was used as a positive contrinl real-time PCR, an inhibition control (mixturentaining both the
160 pathogen DNA and 0.2 ng & ovis DNA) was simultaneously tested for each organistan&ard
161 curves were generated using a 10-fold dilutioneseof DNA ranging from 0.2 ng to 0.2 fg for the
162 TagMan® assay and were used to determine the dyashold Cr) values and the lower limit of
163 detection of the respective assay. For all PCRyass$lae negative control consisted in sterile water
164 instead of DNA template.

165 Repeatability and reproducibility of thereal-time PCR assay.
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166 Seventy-two samples were amplified in the same fointhe intra-assay repeatability and 15
167 samples were amplified in a single rundoconsecutive days for the inter-assay reprodutyibilhe
168 respective coefficients of variation (CVs) wererttoalculated.

169

170 RESULTS

171  Amplification of the 1S711, bcsp31 and per genesin Brucellareference strains.

172 DNA amplification of the three sequences was olet@iwith all theBrucella species and biovars
173 listed in Table 1. In real-time PCR, for 8iucella strains tested, a low variation @t values was
174 observed fobcsp3l andper gene targets when the same quantity of DNA wad asgemplate in
175 the assays{: 14.49-17.57 with 20 ng oBrucella DNA). By contrast, in the real-time PCR
176 targeting the 1811, the observe@y varied according to thBrucella species and biovars (Table 3).
177 Moreover, for the same DNA amount, the earliestct®in was observed f&: ovis 63/290 and the
178 latest for B. melitensis 16M biovar 1 with a difference ofr of 4.88 (Table 3). A maximum
179 difference ofCy of 2.23 was found betweéditsp31 andper genes ACt besp/per, table 3) with an
180 earlier detection for thbcsp31l-basedPCR However the Cr observed with 13811 was equal or
181 lower than the one observed with eitlvesp3l or per-based PCR, whatever tBeucella species.
182 The difference ofC: observed between T$1 andbcsp31 (ACt IS/bcsp, table 3) was 0.18-2.35,
183 0.41-2.50, 0.76-3.52, and 4.81 frabortus, B. melitensis, B. suis andB. ovis respectively (Fig. 1;
184 Table 3). Results obtained with DNA from bo# pinnipedialis and B. ceti presented a
185 ACtIS/bcsp of 4.44 and 5.71 respectively (Table 3).

186 Specificity of conventional and real-time PCR assays.

187 No amplification products were observed in realdiCR, whatever the target, with any of the
188 nonBrucella micro-organisms tested. In conventional PCR, nohehe nonBrucella strains
189 studied were detected when using th@liSand per gene primers. However, DNA fror®.

190 intermedium LMG 3301 and LMG 3306 strains were amplified when using B4/B5 or
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Bruc887/Bruc1457bcsp3l primers in single PCR. Nevertheless these crosgioes were not
confirmed in nested PCR (data not shown).

Sensitivity of conventional and real-time PCR assays.

The respective lower limit of detections of convenal and real-time PCR assay observed with 10
fold-serial dilutions ofB. abortus, B. melitensis, B. ovis andB. canis DNA are given in Table 4. In
all cases, the real-time PCR was more sensitive the conventional PCR. In conventional PCR
assays, the lower limit of detection was identiwalbcsp31l andper targets. However, a 50-fold
higher sensitivity forB. canis RM6/66 and B. melitensis 16M DNA and a 500-fold higher
sensitivity forB. abortus 544 andB. ovis 63/290 were observed for these targets in real-B@R.
For the IS11 target, a 10-fold maximum variation was observedoading to the species tested,
with a 50-500 higher sensitivity for the real-tirRER. Finally, the sensitivity of the T$1 target
was identical or 10 times higher that the sensytiof the two other targets, in real-time as wall a
in conventional PCR (Table 4).

Repeatability and reproducibility of the real-time PCR assay.

Since 1911 appeared as the best candidate for routine bosieldiagnosis, evaluation of the
repeatability and the reproducibility was only ddoethis target on samples consisting of 0.02 ng
of B. ovis 63/290 DNA. TheCr values intra-assay arnter-assay CVs were 1.06% and 4.17%

respectively (data shown).

DISCUSSION

In the last years, several authors have evaluhteddnsitivity and the specificity of real-time PCR
assays for the detection Bfucella (Bricker and Halling, 1994; Redkar et al., 200ticBer et al.,
2002; Newby et al., 2003; Probert et al., 2004).

In the present study, we compared the sensitivitythe specificity of three targets. per, bcsp31

and IS11 genes in real-time PCR, in comparison with conesatl PCR. To our knowledge, no
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216 previously published real-time PCR presented pniesed exclusively on the7H gene, while
217 this sequence is specific and its copy number callddv improving the sensitivity of the PCR.

218 Detection of the three targets frdBnucella DNA confirms the presence of the7Id, bcsp31 and
219 per genes in alBrucella species and biovars. There was no detectableraliife in sensitivity of
220 PCR assays betwedrucella species and biovars usibgsp31 andper primers. By contrast, the
221 IS711 detection depends on its copy number antdmgella species and biovars. Nevertheless, the
222 ACrIS/bcsp of Brucella species is not really significant. To be relevantCr1S/bcsp-based
223 Brucella species identifications should be investigated aiilated on a more substantial number
224  of strains of the same species and sub-speciesuitheer work. Differences oft values obtained
225 betweenbcsp3l and per real-time PCR assays are assumed to be relatpdmer performance,
226 since each gene is theoretically present in equashiities in the prepared DNA.

227 A greater sensitivity was observed for th&1$ detection by real-time PCR, the highest being
228 observed withB. ovis 63/290 DNA, probably due to its high copy number tire genome
229 (38 copies)B. canisRM6/66 DNA, B. melitensis 16M andB. abortus 544 DNA presented the same
230 results while 6-7 1811 copies are present in their respective genomel¢18b

231 The real-time PCR assays were evaluated with aetyaof other bacterial species and were
232 highlighted as being specific; neither micro-orgami phylogenetically related, nor pathogens
233 known to share common epitopes wiBrucella showed a cross-reaction. Interestingly, no
234 amplification occurred with real-timper primers fromY. enterocolotica O:9 andE. coli O:157,
235 two organisms that contain thger gene, thus indicating the specificity of the stddctarget
236 sequence (Bogdanovitch et al., 2004). The two sktgal-time PCR 1811 primers presented in
237 this study were selected among many pairs aftengive testing. This careful design of th&1s
238 primers allowed a significant improvement of thedficity of the assay since no cross-reaction
239 was observed, notably witbchrobactrum species, the closest phylogenetically relativBrakcel la

240 (Velasco et al., 1998; Yanagi et al., 1993).
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241 The specificity of conventional (single and nestB@R assays presented similar results to those
242 reported by Da Costa et al. (1996).

243 A 5-nuclease 1311 PCR assay was tested by Probert et al. (2004 Radttar et al. (2001) who
244  evaluated the detection limit of the assay. Thesleass reported a result approximately identical to
245  ours, with respective detections limits of 150 ég B. abortus andB. melitensis DNA and 250 fg
246 for B. abortus, B. melitensis, B. ovis and B. suis. Both PCR assays share arvyd&primer and a
247 species-specific primer in order to differenti@auicella species, which could explain these low
248 results. Nevertheless, therl& real-time PCR assay described by Newby et al.3R0iased on the
249 same principle, was able to detect 7.5 f@ofbortus DNA. Bogdanovitch et al. (2004) described a
250 detection limit of 2,000 fg foB. abortus, B. melitensis andB. suis DNA and 200 fg foB. neotomae
251 andB. ovis DNA with a per gene-based real-time PCR. Al Dahouk et al. (2@¥&Juated a real-
252 time PCR based on the B4/B5 primers described lily Baal. (1992) and compared it to real-time
253 PCRs established by Bogdanovitch et al. (2004), iNeet al. (2003), Probert et al. (2004) and
254 Redkar et al. (2001). As little as 18 fgB®fabortus DNA could be detected in this study using the
255 primers described by these authors, Bogdanovitcil. R004) excepted. TH& melitensis DNA
256 tested presented a detection limit of 16 fg with grimers designed by Probert et al. (2004) and
257 Redkar et al. (2001). The hybridization probes usedhis last study allowed to avoid an
258 amplification of theO. anthropi DNA tested, which confirms the great advantagesifig a probe
259 in real-time PCR (Newby et al., 2003).

260 The detection limit of theper real-time PCR assay in this work was markedly mapd in
261 comparison to the real-time PCR published by Boguich et al. (2004). Moreover, the insertion
262 sequence [Bll-based sensitivity reached was higher than preweowrks for the detection of the
263 genusBrucela. Combining these observations with our data, wddceuggest the sensitive18L

264 real-time PCR presented in this study for the dete®f the genu8rucella.
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265 In conclusion, real-time PCR appears to offer seivatlvantages over conventional PCR: it is less
266 labour-intensive, faster and it is a closed systéth no need of post-PCR handling, preventing
267 DNA contamination. Therefore, the use of thélSbased TagMan® real-time PCR assay appears
268 promising due to it high sensitivity for the safepid and specific detection of the genscellain

269 clinical samples, while the two other targets cobkl used as confirmatory tools, in order to
270 optimise the diagnostic specificity. However, pauls should be carefully validated on
271 representative numbers Bfucella-infected and -free samples before being implemeintedutine
272 diagnosis in animal and human brucellosis.
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FIGURES CAPTIONS

Fig. 1. 1IS711 real-time PCRamplification curves oB. ovis 63/290 (A);B. melitensis Ether (B);
B. suis 513 (C); andB. abortus 544 (D) genomic DNA (20 ng).

The fluorescence axisisin logarithmic scale and the data are baseline-subtracted.
Fig. 2. 1IS711 (A), bcsp31 (B) andper (C) amplification curves dB. ovis 63/290 genomic DNA. A

10-fold dilutions series (from 0.02 ng to 0.002 ¥ggs used as a template.

The fluorescence axisisin logarithmic scale and the data are baseline-subtracted.
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TABLE 1. Brucella species and biovars and nBrucella organisms included in this study.

Strains

Referenée

Sourcé

Brucella specie$

B. melitensis biovar 1 16M
B. melitensis biovar 1 Rev.1
B. melitensis biovar 1 53H38
B. melitensis biovar 2 63/9
B. melitensis biovar 3 Ether
B. melitensis biovar 3 118

B. abortus biovar 1 544

B. abortus biovar 1 B19

B. abortus biovar 1 S99

B. abortus biovar 1 RB51

B. abortus biovar 2 86/8/59
B. abortus biovar 3 Tulya

B. abortus biovar 3 Afssa Lerpaz
B. abortus biovar 4 292

B. abortus biovar 5 B3196
B. abortus biovar 6 870

B. abortus biovar 9 C68

ATCC 23456

Afssa Lerpaz

EDQM reference straffifSsa Lerpaz

ATCC 23457

ATCC 23458

ATCC 23448

ATCC 23449

ATCC 23450

Field strain

ATCC 23451

ATCC 23452

ATCC 23453

ATCC 23455

Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz

Afssa Lerpaz
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B. suis biovar 1 1330

B. suis biovar 2 Thomsen
B. suis biovar 3 686

B. suis biovar 4 40

B. suis biovar 5 513

B. neotomae 5K33

B. ovis 63/290

B. canis RM6/66

B. pinnipedialis

B. ceti

ATCC 23444

ATCC 23445

ATCC 23446

ATCC 23447

NCTC 11996

ATCC 23459

ATCC 25840

ATCC 23365

NCTC 12890

NCTC 12891

Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz

Afssa Lerpaz

Serologically cross-reacting bacteria

Escherichia coli O157:H7

Francisella tularensis subspholarctica

Pasteurella multocida

Salmonella enterica subspenterica serovar Urbana (group N)

Xanthomonas maltophilia

Yersinia enterocolitica O: 9

Field strain

ATCC 6223

NCTC 12177

Field strain

Field strain

NCTC 11174

Afssa Lergap
Afssa Lerpaz

Afssa Lerpaz

Afssa Lergap

Afssa Lergap

Afssa Lerpaz

Phylogenetically related bacteria
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Agrobacterium radiobacter
Agrobacterium rhizogenes
Agrobacterium tumefaciens
Agrobacterium vitis
Ochrobactrum intermedium
Ochrobactrum intermedium
Ochrobactrum anthropi
Phyllobacterium myrsinacearum
Rhizobium tropici

Sinor hizobium meliloti

LMG 140

LMG 150

LMG 43.1

LMG 8750

LMG3301

LMG 3306

LMG3331

LMG 1.1

LMG 9503

LMG 6133

BCCM

BCCM

BCCM

BCCM

BCCM

DM-UN

BCCM

BCCM

BCCM

BCCM

Non-Brucella organisms potentially abortifacient
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Campylobacter fetus subspfetus

Candida albicans

Coxiella burnetii*

Coxiella burnetii*

Coxiella burnetii*

Coxiella burnetii*

Listeria monocytogenes

Listeria innocua

Salmonella enterica subspenterica serovarAbortusovis
Yersinia pseudotuberculosis

Other nonBrucella organisms

Acinetobacter baumannii

Aeromonas hydrophila

Afipia broomeae

Bacillus brevis

Bacillus subtilis
Bordetella bronchiseptica
Brevibacillus sp.
Campylobacter jejuni

Campylobacter sputorum biovarfaecalis

LMG 6442

Field strain

Nine Mile

Field strain 1

Field strain 2

Field strain 3

NCTC 7973

Field strain

Field strain

ATCC 29833

Field strain

Field strain

LMG 18885

Field strain

ATCC 6633

CIPA34

Field strain

LMG 8841

LMG 6617

BCCM

Afssa Lerpaz

Afssa-Lerpra
Afssa-Lerpra
Afssa-Lerpra
Afssa-Lerpra

Afssa Lerpaz

Afssa Lerpaz

Afssa Lerpaz

Afssa Lerpaz

Afssa Lerpaz
Afssa Lerpaz
BCCM

Afssa Lerqap
Afssa Lerpaz
Afssa Lerpaz
Afssa Lergap
BCCM

BCCM
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Citrobacter freundii
Corynebacterium bovis
Corynebacterium pseudotuberculosis (ovis)
Enterobacter aerogenes
Enterococcus faecalis

Klebsiella pneumoniae
Lactobacillus saerimneri
Listeriaivanovii

Listeria seeligeri

Listeria welshimeri
Mycobacterium avium
Mycobacterium bovis
Mycobacterium paratuberculosis
Mycobacterium tuberculosis
Proteus mirabilis

Pseudomonas aeruginosa
Rhodococcus equi

Salmonella bodjonegoro
Salmonella typhimurium

Serratia marcescens

Field strain

Field strain

CIP 102968 T

Field strain

ATCC 19433

Field strain

LMG 22087

Field strain

Field strain

Field strain

Field strain

Field strain

ATCC 7912

ATCC H37Rv

CIP 103181

ATCC 27853

Field strain

Field strain

NCTC 12484

Field strain

Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
BCCM

Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz

Afssa Lerpaz
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397

398

399

400

401

402

403

404

405

Saphylococcus aureus
Saphylococcus epidermidis
Saphyl ococcus haemol yticus
Sireptococcus agal actiae
Sreptococcus bovis
Sreptococcus dysgal actiae
Streptococcus equi subsp Equi
Sreptococcus equi subsp zooepidemicus
Streptococcus equisimilis
Sreptococcus faecium
Streptococcus pneumoniae
Streptococcus pyogenes

Yersinia enterocolitica O:47

ATCC 6538

Field strain

Field strain

Field strain

Field strain

Field strain

Field strain

Field strain

Field strain

Field strain

Field strain

Field strain

Field strain

* Pure DNA directly provided by Afssa- Lerppra, Sophia-Antipolis, France.

(-): no reference.

Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lergap
Afssa Lerpaz
Afssa Lerqap
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz
Afssa Lerpaz

Afssa Lerpaz

All Brucella strains were from th®rucella Afssa Culture collection, Maisons-Alfort, Frafice

some strains were originally provided by INRA, Nitlyz Franc€; USDA, NVSL, Ames, USA

VLA, Weybridge UK and CITA, Saragossa, Sp&in

" used by Afssa as internal positive control intbeology.

9 ATCC, American Type Culture Collection (USA); NCT National Collection of Type Cultures

(UK); EDQM, European Directorate for the Quality bfedicines (Strasbourg, France); CIP,

Collection de l'Institut Pasteur (Paris, Francé&MG, Laboratory of Microbiology Gent Bacteria

Collection (University of Gent, Belgium).

24
Page 24 of 34



406

407

408

409

410

411

"BCCM, Belgian Co-ordinated Collections of Micro-argsms (University of Gent, Belgium);
Afssa Lerpaz, Laboratoire d’Etudes et de RecherelmePathologie Animale et Zoonoses (Unité
Zoonoses Bactériennes) and Afssa Lergap, Laboeadditudes et de Recherches sur la Qualité des
Aliments et sur les Procédés agroalimentaires (MaisAlfort, France); Afssa Lerpra, Laboratoire
d’Etudes et de Recherches sur les Petits rumirnés Abeilles (Sophia-Antipolis, France); DM-

UN, Departamento de Microbiologia-Universidad dev&tea (Pamplona, Spain).
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TABLE 2. Brucella primers and probes sequences used for amplificaiiaconventional PCR and real-time PCR

Primer sequence PCR
products _
PCR Forward primer Probe Reverse primer Location Reference
size
(5!_)3!) (5!_)3!) (5!_)3!)
(bp)
IS711
Single 15313 n.p2 15639: 350 313/639
ctggctgatacgccggactttgaa ggaacgtgttggattgaccttgat
PCR Hénault et al.,
IS711 2000
Nested ¥ of . IS576: 260 340/576
gtcctcattgatagcaccatatcg taagtgatcggcatcataggctgc
PCR
bcsp31
Single B . B> 224 788/991  Baily etal., 1992
tggctcggttgccaatatcaa cgcgcttgcctttcaggtctg
PCR
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bcsp31

Single BIUCosT: np. Brucldsr: 594 887/1457
tttatgatggcaagggcaaggtgg cactatcgagcttgatgagcttgc
PCR Da Costa et al.,
bcsp3l 1996
Nested Bruc96s: . Bruc1404: 460 968/1404
aggatgcaaacatcaaatcggtcg cgtgtatcctcgttccagagaacc
PCR
per .
Bogdanovich et
Single brucl: n.p. brucs: 367 325/668
cggtttatgtggactctctcg cagtattctcgtgtaggcgaagta al., 2004
PCR
per
Nested Per51: n.p. Per261: 231 51/261 This study
gtgcgactggcgattacaga gccttcaccggtegtaattgt
PCR
27
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IS711

ISTq:
real . ) .
1S421: FAM IS511: 178 421/438/511 This stud
time cgctcgegeggtggat acgaccaagctgcatgctgttgtcgatg-cttgaagcttgcggacagtcacc y
TAMRA
PCR
bcsp3l
real BCSP1163: BCSPTL: BCSP1199:
time tctttgtgggceggctatcc NFOQ ccgttcgagatggcecagtt
PCR
per
PerTq:
real . } .
Per525: FAM Per575: 68 595/552/575 This stu
time OtttagttictttgggaacaagacasacgaccggtgaaggcgggatgMGB- gaggattgcgcgctagca y
NF
PCR Q
413 ®n.p.: no probe
28
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TABLE 3. Comparison o€+ values in the real-time PCR assay

IS711
Brucella strain biovar 1S711Cr bcsp31Cr  per Cr A CrIS/besp” A Cr besp/pef copy Reference
number
B. melitensis 16M? 1 17.16 17.57 18.30 0.41 0.73 7 AE008917 / AE008918
B. melitensis 63/9% 2 14.12 16.62 17.08 2.50 0.46 10 Ouahrani et al., 1993
B. melitensis Ether? 3 16.11 17.54 18.08 1.43 0.54 9 Ouahrani et al., 1993
B. melitensis Rev.f 1 15.87 17.31 17.96 1.44 0.65 n.d? n.d.
B. melitensis 53H38% 1 13.93 15.87  16.66 1.94 0.79 n.d. n.d.
B. melitensis 1152 3 13.01 14.85 15.48 1.84 0.63 n.d. n.d.
B. abortus 544 1 15 16.69 17.26 1.69 0.57 7 Ouahrani et al., 1993
B. abortus 86/8/59" 2 13.19 15.22 15.78 2.02 0.56 7 Ouahrani et al., 1993
B. abortus Tulya?® 3 13.66 14.87 15.84 1.20 0.97 6 Ouahrani et al., 1993
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B. abortus AFSSA® 12.79 15.11 15.92 2.32 0.81 6 Ouahrani et al., 1993
B. abortus 2922 14.04 15.14 15.95 1.10 0.81 7 Ouahrani et al., 1993
B. abortus B3196% 14.19 15.13 15.97 0.95 0.84 7 Ouahrani et al., 1993
B. abortus 870% 14.88 15.06 15.87 0.18 0.81 8 Ouahrani et al., 1993
B. abortus C68° 12.59 14.73 15.71 2.14 0.98 6 Ouahrani et al., 1993
B. abortus B19® 15.97 17.24 17.77 1.27 0.53 n.d. n.d.

B. abortus S99° 12.79 15.14 16.03 2.35 0.89 n.d. n.d.

B. suis 1330° 18.47 19.23  19.49 0.76 0.26 7 AE014291 / AE014292
B. suis Thomsert 12.24 15.14 16.36 2.90 1.22 13 CP000911 / CP000912
B. suis 686° 12.44 14.49 16.72 2.04 2.23 6 Ouahrani et al., 1993
B. suis 40® 12.60 14.74 15.47 2.14 0.73 6 Ouahrani et al., 1993
B. suis 513% 13.43 16.95 17.54 3.52 0.59 n.d. n.d.
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416

417

418

419

420

B. neotomage® 14.04 17.35 17.01 3.30 -0.34 8 Bricker et al., 2000
B. ovis 63/290° 12.28 17.09 18.39 4.81 1.3 38 CP000708 / CP000709
B. canis RM6/66° 16.02 17.06 17.63 1.04 0.57 6 CP000872 / CP000873
B. pinnipedialis® 12.06 16.50 17.46 4.44 0.96 >25 Bricker et al., 2000
B. ceti ° 13.25 18.96 19.21 5.71 0.25 > 25 Bricker et al., 2000

3 Cr values were obtained from amplification of 20 fiddoucella DNA; ° Cr values were obtained from amplification of 2 ndBoficella DNA;

°A Cr IS/bcsp is the difference between th@liBCrand thebcsp3l Cr. ¢ A Cr besp/per is the difference between hgp31 Crand theper Cr.

f Accession number from GeneBafikjot defined.
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422

TABLE 4. Comparison of conventional and real-tint@RPassays lower limit of detection (fg)

IS711 Conventional PCR Real-time PCR
Brucdlla
copy number 5717 pegp3l per IS711  besp3l per
B. canisRM6/66 6 100 1000 1000 2 20 20
B. abortus 544 7 100 1000 1000 2 2 2
B. melitensis 16M 7 1000 1000 1000 2 20 20
B. ovis 63/290 38 100 1000 1000 0.2 2 2
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