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45 Highlights

46  Twelve antimicrobials were tested on 508 Prevotella clinical isolates from 13 

47 countries

48  All isolates were susceptible to piperacillin/tazobactam, carbapenems, tigecycline and 

49 metronidazole 

50  High non-susceptibility rate was found to ampicillin, clindamycin, tetracycline and 

51 moxifloxacin 

52  A total of 49 (9.6%) Prevotella isolates were resistant to three or more antimicrobials. 

53  P. bivia was most prevalent (n=118), accounting for most resistant isolates.
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67 Abstract

68

69 Knowledge about the antimicrobial susceptibility patterns of different Prevotella species is 

70 limited. The aim of this study was to determine the current antimicrobial susceptibility of 

71 clinical isolates of Prevotella species from different parts of Europe, Kuwait and Turkey. 

72 Activity of 12 antimicrobials against 508 Prevotella isolates, representing 19 species, were 

73 tested according to Etest methodology. EUCAST, CLSI and FDA guidelines were used for 

74 susceptibility interpretations.  All Prevotella species were susceptible to 

75 piperacillin/tazobactam, imipenem, meropenem, tigecycline and metronidazole. 

76 Ampicillin/sulbactam and cefoxitin also showed good activity. Ampicillin, clindamycin, 

77 tetracycline and moxifloxacin were less active; 51.2%, 33.7 %, 36.8% and 18.3% of isolates 

78 were non-susceptible, respectively. A total of 49 (9.6%) isolates were resistant to three or 

79 more antimicrobials.  Prevotella bivia was the most prevalent species (n=118) and accounted 

80 for most of the multidrug-resistant isolates. In conclusion, the level of non-susceptibility to 

81 antimicrobials, which may be used for treatment of infections involving Prevotella species, 

82 are a cause of concern. This data emphasizes the need for species level identification of 

83 clinical Prevotella isolates and periodic monitoring of their susceptibility to guide empirical 

84 treatment. 

85

86 Keywords: Prevotella; antimicrobial susceptibility; Etest; multidrug-resistance; 

87 surveillance; multicenter study

88
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91

92 Introduction

93

94 Prevotella species are obligate anaerobic Gram-negative bacteria and important 

95 constituents of the oral, upper respiratory, intestinal and female genital tract microbiota. 

96 These organisms may be involved in infections of the periodontal region and root canal, head 

97 and neck, lower respiratory tract, central nervous system, abdominal and female genital tract. 

98 Sometimes Prevotella species cause bacteremia, endocarditis and meningitis [1]. 

99 Due to the fastidious nature of anaerobes as well as the nature of appropriate 

100 collection, transportation and culture methods, only a few clinical laboratories carry out 

101 anaerobic culture and even less perform antimicrobial susceptibility testing. This means that 

102 antimicrobial treatment is frequently empirical and comprises an antimicrobial agent known 

103 to be effective against anaerobes. However, antimicrobial resistance among anaerobic bacteria 

104 has been increasing consistently and the susceptibility of anaerobes to antimicrobials has 

105 become less predictable [2]. 

106 A significant increase of resistance to some antimicrobials has been detected among 

107 Prevotella species as well [3, 4]. Resistance rates vary among isolates from different infection 

108 sources and between geographic locations. However, knowledge about the antimicrobial 

109 susceptibility patterns of different Prevotella species is limited, as most previous studies, the 

110 species of the tested Prevotella isolates were not differentiated or only a limited number of 

111 isolates representing different species were tested [5]. Recently, significant taxonomic 

112 changes have occurred in the Prevotella genus and several new species have been described 

113 and accepted as human pathogens [6]. These are some of the reasons why providing recent 

114 antimicrobial susceptibility data of these isolates is very important for effective empirical 

115 treatment. 



ACCEPTED MANUSCRIPT

6

116 As a part of the studies of the ESCMID Study Group on Anaerobic Infections 

117 (ESGAI), dealing with the antimicrobial resistance of Gram negative anaerobic bacteria [7-9], 

118 the aim of this study was to obtain susceptibility data for 12 antimicrobial agents against 

119 Prevotella isolates originating from human infections, collected in 11 European countries, 

120 Kuwait and Turkey. We also wanted to evaluate the resistance patterns of Prevotella isolates 

121 belonging to different species, isolated from various clinical samples and originating from 

122 different countries. 

123

124 Materials and methods

125

126 Bacterial isolates collected for the studies

127

128 Prevotella spp. isolated from non-hospitalized or hospitalized patients from the following 

129 countries Austria, Belgium, Croatia, Denmark, France, Germany, Great Britain, Greece, 

130 Hungary, Kuwait, Netherlands, Slovenia, and Turkey were included in this study. Non-

131 duplicate Prevotella isolates were collected between January 2014 and April 2016. Clinical 

132 data regarding basic patient information (age, gender), type of infection and sample type was 

133 recorded. The organisms were sent to Turkey, and the study was carried out at the Department 

134 of Clinical Microbiology, Marmara University School of Medicine, Istanbul. The study was 

135 approved by the Ethics Committee of Marmara University, No. 09.2013.0248. The collecting 

136 laboratories and the central laboratory both identified the isolates to the species level using 

137 conventional and modern diagnostic tests including Matrix Assisted Laser Desorption Time-

138 of-Flight Mass Spectrometry (MALDI-TOF MS [VITEK MS, bioMerieux, France and 

139 Biotyper MS, Bruker, Germany]) and 16S rRNA gene sequencing.  Following identification, 

140 the isolates were stored at -80C in 10% skim milk until antimicrobial susceptibility testing. 
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141

142 Antimicrobial susceptibility testing

143

144 Etest methodology (bioMerieux, France) was used in determining the minimum inhibitory 

145 concentrations (MICs) as previously described [10, 11]. The following antimicrobials 

146 recommended for anaerobes by the Clinical and Laboratory Standards Institute (CLSI)   were 

147 tested: ampicillin, ampicillin/sulbactam, piperacillin/tazobactam, cefoxitin, imipenem, 

148 meropenem, clindamycin, tetracycline, tigecycline, moxifloxacin and metronidazole [13]. 

149 Erythromycin, the first-choice antimicrobial for patients with penicillin allergy, was also 

150 included in the study [12]. The isolates were suspended in Brucella broth (BD Difco, USA) to 

151 match a density of 1 McFarland. The bacterial suspensions were swabbed on Brucella blood 

152 agar supplemented with vitamin K1 and haemin (Sigma-Aldrich, Germany), and the Etest 

153 strips were applied within 15 minutes. The plates, which the Etest strips had been applied 

154 were incubated in anaerobic boxes (GENbox, bioMerieux, France) at 37°C for 48 hours. 

155 Bacteroides fragilis ATCC 25285 and Bacteroides thetaiotaomicron ATCC 29741 were 

156 included as quality control strains for every assay.

157 The MIC results were interpreted according to the breakpoints described by the 

158 European Committee on Antimicrobial Susceptibility Testing (EUCAST) [14]. Breakpoints 

159 recommended by CLSI were applied for cefoxitin, tetracycline and moxifloxacin since there 

160 are no EUCAST breakpoints for these antimicrobials [13].  In the case of tigecycline we used 

161 the breakpoint suggested by the U.S. Food and Drug Administration (FDA) [15]. Some 

162 anaerobes are a good target for therapy with erythromycin as well, however clinical 

163 breakpoints are unavailable in both EUCAST and CLSI guidelines, so this antimicrobial agent 

164 was only tested to collect data on the erythromycin MIC distribution among Prevotella 

165 species for further studies [16].
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166 We used antimicrobial consumption data from the European Surveillance of 

167 Antimicrobial Consumption Network (ESAC-Net) at ECDC in order to compare bacterial 

168 non-susceptibility rates and antimicrobial consumption in 11 European countries [17]. The 

169 results were analyzed with Pearson’s correlation using R Software (The R Foundation for 

170 Statistical Computing platform), specifically R commander package (R, version 3.5.0). A p 

171 value ≤0.05 was considered statistically significant [18].

172

173 Results 

174

175 Clinical isolates of Prevotella spp.

176

177 The number of Prevotella isolates submitted per country varied between 14 and 79, most 

178 isolates (15.6%) were collected in Turkey. All 508 Prevotella isolates included in this study 

179 were identified at the species level using 16S rRNA gene sequencing. Altogether 19 different 

180 species were identified (most P. bivia (n=118), P. buccae (n=68)).  Some rare species such as 

181 “P. conceptionensis”, P. veroralis and P. corporis were also present among the isolates. See 

182 Table 1 for distribution of Prevotella species by country included in the study.  

183 Patient age range was 1 to 91 years (mean age, 43; median age, 45 years). Specimens 

184 were collected from various clinics. The majority of patients (30.1%) were treated at surgical 

185 departments, followed by dentistry (17.3%) and departments of internal medical (14.2%). The 

186 proportion of patients from gynecology and urology departments was 5.9%. The strains were 

187 mainly isolated from abscesses (37.4%) and wounds (18.1%). Other major categories of 

188 clinical samples were from intraoral infections (17.4 %), biopsy (7.7%) and sterile body fluids 

189 (7.7%). 

190
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191 Antimicrobial susceptibility testing results

192

193 The MIC ranges, MIC50, MIC90, the proportions of susceptible, non-susceptible and resistant 

194 isolates of 508 Prevotella spp. to 12 different antimicrobials is presented in Table 2.  All 

195 Prevotella isolates were susceptible to piperacillin/tazobactam, imipenem, meropenem, 

196 tigecycline and metronidazole. Ampicillin/sulbactam and cefoxitin also showed good activity. 

197 However, for both antimicrobials intermediate resistance was encountered in 0.4% of the 

198 Prevotella isolates. Non-susceptibility to ampicillin, clindamycin, tetracycline and 

199 moxifloxacin (resistant isolates and those with intermediate resistance taken together) was 

200 detected at different rates; 51.2%, 33.7% 36.8% and 18.3%, respectively (Table 2).

201 Ampicillin non-susceptible Prevotella isolates were isolated from pulmonary samples 

202 (76.9 %), abscesses (61.1%), bone biopsies (58%) and wounds (56.5%). The highest 

203 prevalence of ampicillin non-susceptible strains was detected among isolates from orthopedic 

204 clinics (83.3%), followed by dermatology (75%), medical departments (66.6%) and dentistry 

205 (26.1%) (data not shown).

206 In case of clindamycin, all non-susceptible isolates were in the resistant category. Most 

207 resistant isolates were obtained from orthopedic (66.6%) and dermatology clinics (50%). 

208 These isolates were associated with wounds (47.8 %) and diabetic foot infections (40%). 

209 Seven of the 12 Prevotella strains isolated from bone biopsy samples were highly resistant 

210 (MIC >256 mg/L) to clindamycin.

211 Tetracycline non-susceptibility was found in 36.8% of the isolates, and in surgical site 

212 infections (47.8%), abscesses (47.3%), bone and wound infections (41%). Most non-

213 susceptible organisms were obtained from the dermatology (75%), diabetic (50%) and 

214 orthopedic (50%) departments.
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215 Of all isolates, 18.3% were non-susceptible to moxifloxacin. Most of the moxifloxacin 

216 non-susceptible Prevotella spp. were isolated from pleural effusion (83.3%).

217 MICs of erythromycin ranged between < 0.016 and > 256 mg ⁄ L, with a MIC50 of 2 

218 mg/L and a MIC90 of >256 mg ⁄ L.  The distribution of erythromycin MIC’s was also 

219 evaluated because erythromycin is an alternative for penicillin (in case of penicillin allergy) in 

220 various types of infections. There were more isolates with a high MIC (>4 mg/L) for 

221 erythromycin among ampicillin non-susceptible Prevotella spp. compared with all the 

222 Prevotella isolates (Figure 1).        

223 Only 26.6% of Prevotella isolates were susceptible to all antimicrobials, the remaining 

224 isolates were non-susceptible to at least one of the tested antimicrobial agents. Non-

225 susceptibility for one antimicrobial, frequently ampicillin, was observed for 28.7% of the 

226 isolates (not shown). With the exception of moxifloxacin, the highest non-susceptibility rates 

227 against antimicrobials were observed among the P. bivia isolates. The proportions of non-

228 susceptibility among these isolates to ampicillin, clindamycin, tetracycline and moxifloxacin 

229 were 70.3%, 48.3%, 63.4% and 50.4%, respectively. The second highest proportion of 

230 moxifloxacin non-susceptible isolates was found in the P. nanciensis isolates (76.9%). See 

231 Table 3 for non-susceptibility rates of ampicillin, clindamycin, tetracycline and moxifloxacin 

232 in different Prevotella species. 

233 A total of 49 isolates were resistant to three or more antimicrobials. At the species 

234 level, multidrug-resistant isolates were mostly found among P. bivia isolates. While only 5.9 

235 % of the P. bivia isolates proved to be susceptible to all tested antimicrobials, 27.1% of the P. 

236 bivia isolates showed resistance to three or more antimicrobials. See Table 4 for distribution 

237 of multidrug-resistant Prevotella isolates encountered in the different countries.



ACCEPTED MANUSCRIPT

11

238 The prevalence of Prevotella species non-susceptible to ampicillin, clindamycin, 

239 tetracycline and moxifloxacin varied considerably between countries (Table 5).  The highest 

240 non-susceptibility rate was detected among isolates from Kuwait. These isolates were non-

241 susceptible to ampicillin (92.9%), clindamycin (64.3%), tetracycline (57.1%) and 

242 moxifloxacin (43.1%). However, this country submitted the lowest number of strains, namely 

243 14 isolates. Among the isolates collected from Germany, the prevalence of isolates non-

244 susceptible to ampicillin, clindamycin and moxifloxacin was found to be low compared to the 

245 other countries, 5.9%, 14.7% and 8.8%, respectively (Table 5). The percentage of multidrug-

246 resistant isolates was also the highest among the isolates from Kuwait (28.6%). No multidrug-

247 resistance was found among the German isolates (Table 4).

248 We found that in the 11 countries, there was a statistically significant correlation 

249 between the antimicrobial non-susceptibility rate for ampicillin (a β-lactam agent) (p=0.02) 

250 and the antimicrobial consumption data provided by the European Antimicrobial 

251 Consumption Network Observation (ESAC-Net) at ECDC [17].  There was no such  

252 correlation found between non-susceptibility and antimicrobial consumption for clindamycin, 

253 tetracycline and moxifloxacin in these countries. When the study results were evaluated by 

254 country, the highest rate of clindamycin resistance among Prevotella isolates (55.6%) was 

255 found in Greece, the country with the highest use of macrolide, lincosamine, streptogramine 

256 (MLS) agents. A similar result was observed between the highest consumption of quinolones 

257 in Hungary and the highest rate of non-susceptibility to moxifloxacin (31.9%) amongst the 

258 countries with data available. Very low use of penicillins in Germany was also reflected by 

259 the lowest number of strains showing non-susceptibility to ampicillin (5.9%). On the other 

260 hand, in The Netherlands the consumption of penicillins was also very low compared to other 

261 countries, but the Prevotella isolates collected for this study showed a high amount of 

262 ampicillin non-susceptible isolates (44.4%) (Table 5).
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263

264 Discussion

265  

266 In the present study antimicrobial susceptibility patterns of 508 Prevotella isolates collected 

267 from clinical specimens in 11 European countries, Kuwait and Turkish expert laboratories 

268 between 2014 and 2016 were tested. We wanted to use a simple MIC method, which can be 

269 used in routine clinical microbiology laboratory work. For that reason, we chose the Etest, 

270 which is a simple, rapid and reliable method. Our results display three important issues in the 

271 antimicrobial susceptibility of Prevotella isolates today. First, there were considerable non-

272 susceptibility rates to ampicillin, clindamycin, tetracycline and moxifloxacin among the tested 

273 isolates. Second, 9.6% of the isolates were multidrug-resistant. Third, among the tested 19 

274 Prevotella species, P. bivia was the most prevalent and most resistant species found, when 

275 compared to other Prevotella species.

276 The first Europe-wide study about the antimicrobial susceptibility of Prevotella spp., 

277 together with other Gram-negative anaerobes, was carried out in 1995-1996.  A total of 488 

278 isolates were studied. These isolates represented nine Prevotella species, P. bivia being most 

279 prevalent, from 13 European countries. Although there were differences between the species, 

280 the highest resistance rates were in P. bivia, Prevotella species were highly resistant to 

281 penicillin and tetracycline [19]. The most recent representative surveillance studies have 

282 indicated high rates of penicillin resistance among Prevotella species [4, 5]. In the present  

283 study, a total of 51.2% of isolates were found to be non-susceptible to ampicillin, though 

284 susceptibility profiles do vary by Prevotella species, source  of isolation and geographic 

285 origin. In previous studies, some authors observed that two thirds of Prevotella isolates were 

286 penicillin resistant, and some researchers reported resistance rates of > 90% in certain areas 

287 [20-22]. In Prevotella, resistance to the β-lactams is mainly due to β-lactamase production. In 
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288 average laboratories, β-lactamase production is mostly determined by using a nitrocefin [1-3]. 

289 β-lactamase activity was not evaluated in this study because pigmented Prevotella species 

290 gave indistinguishable results. However, we presumed that the resistance to ampicillin was 

291 caused by β-lactamase production as, except for the two intermediate-resistant Prevotella 

292 species, combinations of β-lactams with β-lactamase inhibitors had good antimicrobial 

293 activity against the ampicillin resistant isolates. As mentioned previously, combinations of β-

294 lactams with β-lactamase inhibitors had excellent activity against other anaerobes as well, so 

295 they are good candidates for effective empiric treatment of pure or mixed Prevotella 

296 infections [16].

297 Several studies have reported an increase in clindamycin resistance among Prevotella 

298 species. The clindamycin resistance rate varies depending on time period, country, the 

299 population studied and the source of the specimen. In Belgium, the clindamycin non-

300 susceptibility rate increased continuously from 8% in 1987 to 31% in 2011-12, while in 

301 Bulgaria resistance to clindamycin remained stable (13%, 2007-2009) [23, 3]. Resistance 

302 rates in other countries have been reported to be, between 0% and 33% [4, 24-26]. In the 

303 present study, a total of 33.7% of isolates were resistant to clindamycin. Resistance rates of 

304 isolates from Greece (55.6%) and Kuwait (64.3 %) had increased compared to previous 

305 studies, 31% in 2006-2007 and 28.8% in 2002-2007 [27,21]. However, the differences may be 

306 due to the testing of different Prevotella species or real development of resistance in the last 

307 decade.

308 Data on Prevotella species susceptibility to tetracycline are limited [27, 28]. 

309 Tetracycline resistance rate in P. intermedia isolated from Spanish patients with periodontitis 

310 was approximately 30% [24]. However, the resistance rate was higher (36.7%) in patients 

311 who had received treatment compared to those who had not (19.1%). Conversely, the non-

312 susceptibility of Prevotella spp. has decreased 2.5-fold from 1987 to 2005 in Belgium and 
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313 2.1-fold in Bulgaria over six years because of a decrease in tetracycline consumption [3, 29]. 

314 The present study shows the variability of tetracycline non-susceptibility patterns among 

315 Prevotella isolates originating from different countries ranging from 24% to 59%. Non-

316 susceptibility to tetracycline was associated with national antimicrobial consumption and 

317 possibly with previous antimicrobial treatments.

318 Moxifloxacin is recommended to adult patients for the treatment of various types 

319 infections, caused by Prevotella species and a broad range of other anaerobes and aerobes [2]. 

320 In earlier studies, clinical isolates were fully susceptible to moxifloxacin and over time, 

321 resistance rates have increased up to 36% [30, 30, 4, 31]. There is very little comparable data 

322 on moxifloxacin resistance from European countries. Two multicenter surveys conducted in 

323 Belgium showed that Prevotella non-susceptibility to moxifloxacin showed highly similar rates 

324 in 2004 (24%) and 2011–12 (23%) [29, 23]. Papaparaskevas et al. [32] found that 42% of the 

325 141 Prevotella spp. tested were non-susceptible to moxifloxacin. This resistance was 

326 particularly frequent among P. oralis and P. bivia isolates, for which moxifloxacin resistance 

327 rates were 62% and 71%, respectively. In our study, 18.3% of all tested Prevotella isolates 

328 were non-susceptible to moxifloxacin. The rates of non-susceptibility to moxifloxacin in 

329 Belgian and Greek isolates in this study were lower than the rates from the previous 

330 Belgian and Greek studies, 15.6% and 11.2% respectively. The differences in non-

331 susceptibility rates may be due to differences in the number of isolates, the kind of Prevotella 

332 species, and the origin of the strains that were tested. In our study, non-susceptibility to 

333 moxifloxacin is shown to vary considerably between countries, ranging from 6.6% to 43.1%. 

334 This suggests that moxifloxacin should be used cautiously in the empirical treatment of 

335 anaerobic infections involving Prevotella spp.

336 In this study, the most prevalent species, P. bivia, was more resistant to antimicrobials 

337 than the other Prevotella species. It is also noteworthy that the majority of multidrug-resistant 
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338 organisms were also P. bivia strains. As member of the human microbiota, P. bivia may 

339 represent a reservoir for resistance genes, and may contribute to resistance gene transmission 

340 [1]. This data makes highlights the need to study the pathogenesis and resistance mechanisms 

341 of P. bivia in the future.

342 The variation in resistance rates between isolates originating from different countries 

343 is closely related to use of antimicrobials [33]. National antimicrobial consumption data can 

344 offer a partial explanation for resistance due to antimicrobial exposure and selection [34]. We 

345 know that patients with low compliance and self-medication may also contribute to resistance.  

346 Moreover, antimicrobial resistance can differ from one city to another or even between 

347 hospitals within the same city. In this study data representing each country was presented. 

348 Although the study did not cover all types of Prevotella species, this survey represents the 

349 most comprehensive report on the susceptibility patterns of the most prevalent Prevotella 

350 species. Recent antimicrobial susceptibility patterns of these isolates can help develop 

351 strategies to prevent antimicrobial resistance in Prevotella species.

352 In conclusion, ampicillin-sulbactam, piperacillin/tazobactam, cefoxitin, metronidazole 

353 and tigecycline display high in vitro activity against Prevotella spp. and they all remain good 

354 candidates for empiric therapy. Imipenem and meropenem were also found to be very active, 

355 but the usage of carbapenems should be reserved for serious mixed infections, potentially 

356 accompanied by other resistant organisms. The high rates of resistance to ampicillin, 

357 clindamycin, tetracycline and moxifloxacin indicate that these antimicrobials should not be 

358 used for empirical treatment of infections caused by Prevotella species without prior 

359 antimicrobial susceptibility testing. In addition, because of multidrug-resistance in certain 

360 Prevotella species such as P. bivia, we recommended routine identification at the species 

361 level and antimicrobial susceptibility testing of isolates for the confirmation of the appropriate 

362 antimicrobial therapy. 



ACCEPTED MANUSCRIPT

16

363

364 Acknowledgements 

365 This study was supported by research grants from the ESCMID for ESCMID Study Group on 

366 Anaerobic Infections (ESGAI). We thank Mike Cox for providing us transport medium. 

367 We also thank to Sedef Glover for editing the manuscript.

368 Transparency Declaration 

369 The authors declare that they have no conflicts of interest.

370 References:

371 1. C. Alauzet, H. Marchandin, A. Lozniewski, New insights into Prevotella diversity and 

372 medical microbiology, Future Microbiol. 5 (2010) 1695-718. 

373 2. I. Brook, H.M. Wexler, E.J. Goldstein, Antianaerobic antimicrobials: spectrum and 

374 susceptibility testing, Clin Microbiol Rev. 26 (2013) 526-46. 

375 3. L. Boyanova, R. Kolarov, G. Gergova, L. Dimitrova, I. Mitov, Trends in antibiotic 

376 resistance in Prevotella species from patients of the University Hospital of 

377 Maxillofacial Surgery, Sofia, Bulgaria, in 2003-2009, Anaerobe. 16 (2010) 489-92. 

378 4. D.M. Citron, E.J. Goldstein, C.V. Merriam, B.A. Lipsky, M.A. Abramson, 

379 Bacteriology of moderate-to-severe diabetic foot infections and in vitro activity of 

380 antimicrobial agents, J Clin Microbiol. 45 (2007) 2819-28. 

381 5. L. Boyanova, R. Kolarov, I. Mitov, Recent evolution of antibiotic resistance in the 

382 anaerobes as compared to previous decades, Anaerobe. 31 (2015) 4-10.

383 6. H.N. Shah, I. Olsen, K. Bernard, S.M. Finegold, S. Gharbia, R.S. Gupta, Approaches 

384 to the study of the systematics of anaerobic, gram-negative, non-sporeforming rods: 

385 current status and perspectives, Anaerobe. 15 (2009) 179-94. 



ACCEPTED MANUSCRIPT

17

386 7. E. Nagy, E. Urbán, C.E. Nord, Antimicrobial susceptibility of Bacteroides fragilis 

387 group isolates in Europe: 20 years of experience. Clin Microbiol Infect. 17 (2011) 

388 371-9,   

389 8. G. N. Hartmeyer, J. Sóki, E. Nagy, U.S. Justesen, Multidrug-resistant Bacteroides 

390 fragilis group on rise in Europe? J Med Microbiol 61(2012) 1784-8. 

391 9. Z. Eitel, J. Sóki, E. Urbán, E. Nagy, on behalf of ESGAI: The prevalence of antibiotic 

392 resistance genes in Bacteroides fragilis group strains isolated in different countries. 

393 Anaerobe 21(2013) 43-49. 

394 10. D.M. Citron, M.I. Ostovari, A. Karlsson, E.J. Goldstein, Evaluation of the E test for 

395 susceptibility testing of anaerobic bacteria, J Clin Microbiol. 29 (1991) 2197-203.

396 11. Y. Glupczynski, C. Berhin, H. Nizet, Antimicrobial susceptibility of anaerobic 

397 bacteria in Belgium as determined by Etest methodology, Eur J Clin Microbiol Infect 

398 Dis. 28 (2009) 261-7. 

399 12. J.D.C. Yao, R.C. Moellering, Jr. Antibacterial Agents,  In J. Versalovic,  K.C. Carroll, 

400 G. Funke, J.H. Jorgensen, M.L.Landry, A.W. Warnock (Eds.), Manual of clinical 

401 microbiology, 10th ed. American Society for Microbiology, Washington, 2011, pp. 

402 1043 -1081.

403 13. Clinical and Laboratory Standards Institute. 2012. Methods for antimicrobial 

404 susceptibility testing of anaerobic bacteria. Approved standard, 8th ed. CLSI 

405 document M11-A8. Clinical and Laboratory Standards Institute, Wayne, PA.

406 14. The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables 

407 for interpretation of MICs and zone diameters. Version 7.1, 2017. 

408 http://www.euc.ast.org.

409 15. Tygacil®, 2010 Federal Drug Administration, Product İnformation. Pfizer Inc., 

410 Collegeville, PA, USA



ACCEPTED MANUSCRIPT

18

411 16. I. Brook, Spectrum and treatment of anaerobic infections, J Infect Chemother. 22 

412 (2016) 1-13.

413 17. The European Surveillance of Antimicrobial Consumption Network (ESAC-Net) at 

414 ECDC, 2015,  https://ecdc.europa.eu/en/antimicrobial-consumption/database/country-

415 overview

416 18. R Core Team (2018). R: A language and environment for statistical   computing. R 

417 Foundation for Statistical Computing, Vienna, Austria.   URL https://www.R-

418 project.org/.

419 19. A King, J Downes, C-E Nord, I Phillips, on behalf of a European Study Group, 

420 Antimicrobial susceptibility of non-Bacteroides fragilis group anaerobic Gram-

421 negative bacilli in Europe. Clin Microbiol Infect. 5(1999) 404-16.

422 20. C.Y. Liu, Y.T. Huang, C.H. Liao, L.C. Yen, H.Y. Lin, P.R. Hsueh, Increasing trends in 

423 antimicrobial resistance among clinically important anaerobes and Bacteroides fragilis 

424 isolates causing nosocomial infections: emerging resistance to carbapenems, 

425 Antimicrob Agents Chemother. 52 (2008) 3161-8.

426 21. W. Jamal, M. Shahin, V.O. Rotimi, Surveillance and trends of antimicrobial resistance 

427 among clinical isolates of anaerobes in Kuwait hospitals from 2002 to 2007, Anaerobe. 

428 16 (2010) 1–5.

429 22. S. Jeverica, U. Kolenc, M. Mueller-Premru, L. Papst. Evaluation of the routine 

430 antimicrobial susceptibility testing results of clinically significant anaerobic bacteria in 

431 a Slovenian tertiary-care hospital in 2015. Anaerobe. 47 (2017) 47:64-9

432 23. I. Wybo, D. Van den Bossche, O. Soetens, E. Vekens, K. Vandoorslaer, G. Claeys, Y. 

433 Glupczynski, M. Ieven, P. Melin, C. Nonhoff, H. Rodriguez-Villalobos, J. Verhaegen, 

434 D. Piérard, Fourth Belgian multicentre survey of antibiotic susceptibility of anaerobic 

435 bacteria, J Antimicrob Chemother. 69 (2014) 155-61. 

https://ecdc.europa.eu/en/antimicrobial-consumption/database/country-overview
https://ecdc.europa.eu/en/antimicrobial-consumption/database/country-overview
https://www.R-project.org/
https://www.R-project.org/


ACCEPTED MANUSCRIPT

19

436 24. J.R. Maestre, A. Bascones, P. Sánchez, P. Matesanz, L. Aguilar, M.J. Giménez, I. 

437 Pérez-Balcabao, J.J. Granizo, J. Prieto, Odontogenic bacteria in periodontal disease 

438 and resistance patterns to common antibiotics used as treatment and prophylaxis in 

439 odontology in Spain, Rev Esp Quimioter. 20 (2007) 61-7. 

440 25. H. Seifert, A. Dalhoff; PRISMA Study Group. German multicentre survey of the 

441 antibiotic susceptibility of Bacteroides fragilis group and Prevotella species isolated 

442 from intra-abdominal infections: results from the PRISMA study, J Antimicrob 

443 Chemother. 65 (2010) 2405-10. 

444 26. A.C. Veloo, K.E. Boiten, G.J. Wekema-Mulder, P. Rurenga, Z.M. Singadji, G.G 

445 Scoop, A.J. van Winkelhoff, Antibiotic susceptibility profiles of Prevotella species in 

446 The Netherlands, Int J Antimicrob Agents. 45(2015) 554-6. 

447 27. A. Katsandri, A. Avlamis, A. Pantazatou, G.L. Petrikkos, N.J. Legakis, J. 

448 Papaparaskevas; Hellenic Study Group for Gram-Negative Anaerobic Bacteria. In 

449 vitro activities of tigecycline against recently isolated Gram-negative anaerobic 

450 bacteria in Greece, including metronidazole-resistant strains, Diagn Microbiol Infect 

451 Dis. 55(2006) 231-6. 

452 28. T. Kuriyama, D.W. Williams, M. Yanagisawa, K. Iwahara, C. Shimizu, K. Nakagawa, 

453 E. Yamamoto, T. Karasawa. Antimicrobial susceptibility of 800 anaerobic isolates 

454 from patients with dentoalveolar infection to 13 oral antibiotics, Oral Microbiol 

455 Immunol. 22 (2007) 285-8. 

456 29. I. Wybo, D. Piérard, I. Verschraegen, M. Reynders, K. Vandoorslaer, G. Claeys, M. 

457 Delmée, Y. Glupczynski , B. Gordts, M. Ieven, P. Melin, M. Struelens, J. Verhaegen, 

458 S. Lauwers, Third Belgian multicentre survey of antibiotic susceptibility of anaerobic 

459 bacteria, J Antimicrob Chemother. 59 (2007) 132-9. 



ACCEPTED MANUSCRIPT

20

460 30. H.M. Wexler, E. Molitoris, D. Molitoris, S.M. Finegold. In vitro activity of 

461 moxifloxacin against 179 strains of anaerobic bacteria found in pulmonary infections, 

462 Anaerobe. 6 (2000) 227-231. 

463 31. E.J Goldstein, D.M. Citron, Y.A. Warren, K.L. Tyrrell, C.V. Merriam, H. Fernandez, 

464 In vitro activity of moxifloxacin against 923 anaerobes isolated from human intra-

465 abdominal infections, Antimicrob Agents Chemother.  50 (2006) 148-55. 

466 32. J. Papaparaskevas, A. Pantazatou, A. Katsandri, D.P. Houhoula, N.J. Legakis, A 

467 .Tsakris, A. Avlamis, Moxifloxacin resistance is prevalent among Bacteroides and 

468 Prevotella species in Greece, J Antimicrob Chemother. 62 (2008) 137-41. 

469 33. W.C. Albrich, D.L. Monnet, S. Harbarth, Antibiotic selection pressure and resistance 

470 in Streptococcus pneumoniae and Streptococcus pyogenes, Emerg Infect Dis. 10 

471 (2004) 514–517.

472 34. B.G. Bell, F. Schellevis, E. Stobberingh, H. Goossens, M. Pringle. A systematic 

473 review and meta-analysis of the effects of antibiotic consumption on antibiotic 

474 resistance, BMC Infect Dis. 9 (2014) 14:13.

475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492



ACCEPTED MANUSCRIPT

21

493
494
495
496
497
498
499
500
501

502

503

504 Figure 1. Erythromycin MIC distribution among Prevotella species. 
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508 Table 1. Distribution of Prevotella species submitted by the different countries

Countries* (no of isolates)
 Prevotella spp. (n)

AT BE HR DK FR DE GB GR HU KW NL SI TR

P. baroniae (13) 1 1 2 1 5 3

P. bergensis (13) 2 5 3 1 2

P. bivia (118) 7 10 16 4 9 7 7 6 23 12 8 9

P. buccae (68) 5 7 2 8 5 5 4 2 6 9 3 12

P. buccalis (4) 2 1 1

“P. conceptionensis”(1) 1

P. corporis (5) 1 1 1 2

P. denticola (57) 4 3 3 9 5 1 7 9 5 11

P. disiens (31) 4 3 7 1 1 2 2 1 2 4 4

P. histicola (11) 1 6 1 2 1

P. intermedia (21) 1 1 1 8 2 1 7

P. melaninogenica (44) 1 2 5 8 3 2 2 2 3 6 10

P. nanceiensis (13) 1 1 7 1 3

P. nigrescens (62) 3 3 1 3 1 22 1 2 1 4 1 20

P. oralis (7) 3 1 1 1 1

P. oris (16) 2 2 3 3 1 1 1 3

P. salivae (11) 1 5 3 1 1

P. timonensis (9) 1 6 2

P. veroralis (4) 1 1 1 1

Total:   508 29 45 33 45 45 34 45 18 47 14 45 29 79

509 *AT, Austria; BE, Belgium; HR, Croatia; DK, Denmark; FR, France; DE, Germany; GB, 
510 Great Britain; GR, Greece; HU, Hungary; KW, Kuwait; NL, the Netherlands; SI, Slovenia; 
511 TR, Turkey.
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512 Table 2. MIC range, MIC50, MIC90 and percentage of susceptible and non-susceptible Prevotella isolates tested

         Breakpointsa (mg/L)                              MIC (mg/L) Percentage (%)

Antimicrobial agents

S I R Range 50% 90% Susceptible
Non-

susceptiblee
Resistant

Ampicillin ≤0,5 >2 <0.016->256 1 >256 48.8 51.2 42.1

Ampicillin/sulbactam ≤4 >8 <0.016-8 0.125 2 99.6 0.4f 0

Piperacillin/tazobactam ≤8 >16 <0.016-4 <0.016 0.064 100 0 0

Cefoxitin ≤16 32 ≥64 <0.016-32 0.5 2 99.6 0.4f 0

Imipenem ≤2 >8 <0.002-1 0.064 0.125 100 0 0

Meropenem ≤2 >8 <0.002-0.5 0.016 0.064 100 0 0

Clindamycin ≤4 >4 <0.016->256 0.016 >256 66.3 33.7 33.7

Erythromycind NA NA <0.016->256 2 >256 - - -

Tetracyclineb ≤4 8 ≥16 <0.016->256 1 32 61.6 36.8 17.7

Tigecyclinec ≤4 8 ≥16 <0.016-4 0.064 0.32 100 0 0

Moxifloxacinb ≤2 4 ≥8 <0.002->32 0.032 8 81.7 18.3 9.4

Metronidazole ≤4 >4 <0.016-4 0.064 0.5 100 0 0

513

514 a MIC breakpoints recommended by the EUCAST, bby the CLSI,  and cby FDA, 
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515 dNA indicates that clinical breakpoints are unavailable in both EUCAST and CLSI guidelines

516 eIntermediate and resistant categories together.

517 f only intermediate resistant strains were found

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534
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535 Table 3. MIC range, MIC50, MIC90 and percentage of susceptible and non-susceptible isolates belonging to different Prevotella species for four 
536 different antibiotics 

 MIC (mg/L) Percentage (%)Organism (n) 

and  antimicrobials

Range 50% 90% Susceptible Non-susceptible

P. baroniae (13) 

Ampicillin <0.016- >256 0.064 >256 53.9 46.1

Clindamycin <0.016- >256 <0.016 >256 69.3 30.7

Tetracycline 0.023-16 1 8 84.6 15.4

Moxifloxacin 0.032->32 0.25 1 92.3 7.7

P. bergensis (13)  

Ampicillin <0.016- >256 1.5 16 46.2 53.8

Clindamycin <0.016- >256 0.032 >256 69.2 30.8

Tetracycline <0.016-16 1 16 53.8 46.2

Moxifloxacin 0.002->32 0.25 2 92.3 7.7

 P. bivia (118)

Ampicillin <0.016- >256 16 128 29.7 70.3

Clindamycin <0.016- >256 0.25 >256 51.7 48.3

Tetracycline <0.016- >256 16 64 36.6 63.4

Moxifloxacin 0.032->32 2 >32 49.6 50.4
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P. buccae (68)

Ampicillin <0.016- >256 0.064 >256 58.8 41.2

Clindamycin <0.016- >256 <0.016 >256 60.3 39.7

Tetracycline <0.016- 64 1 16 67.6 32.4

Moxifloxacin 0.016->32 0.25 0.5 98.5 1.5

P. denticola (57)     

Ampicillin <0.016- >256 0.5 >256 49.1 50.9

Clindamycin <0.016- >256 0.016 >256 61.4 38.6

Tetracycline 0.016-16 0.25 16 71.4 28.6

Moxifloxacin 0.032->32 0.25 0.5 98.2 1.8

P. disiens (31)

Ampicillin <0.016- >256 0.032 32 64.5 35.5

Clindamycin <0.016- >256 <0.016 >256 67.8 32.3

Tetracycline 0.064-32 8 16 38.7 61.3

Moxifloxacin <0.002->32 0.25 >32 83.9 16.1

P. histicola (11) 

Ampicillin <0.016- >256 0.032 4 81.8 18.2

Clindamycin <0.016- >256 0.016 >256 81.8 18.2

Tetracycline <0.016- 32 0.5 1 90.9 9.1
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Moxifloxacin 0.002-1 0.25 0.5 100 0.0

P. intermedia (21)

Ampicillin <0.016- >256 0.25 24 57.1 42.9

Clindamycin <0.016- >256 <0.016 >256 66.7 33.3

Tetracycline <0.016- 16 0.125 8 85.0 15.0

Moxifloxacin <0.002-1 0.125 0.25 100 0.0

P. melaninogenica (44)

Ampicillin <0.016- >256 2 >256 32.6 67.4

Clindamycin <0.016- >256 <0.016 >256 83.7 16.3

Tetracycline 0.038-32 1 16 70.5 29.5

Moxifloxacin <0.002->32 0.5 32 79.5 20.5

P. nanceiensis (13)

Ampicillin <0.016- >256 16 >256 38.5 61.5

Clindamycin <0.016- >256 <0.016 >256 76.9 23.1

Tetracycline <0.016-16 0.5 4 92.3 7.7

Moxifloxacin 0.19->32 8 >32 23.1 76.9

P. nigrescens (62) 

Ampicillin <0.016- >64 0,094 64 66.1 33.9

Clindamycin <0.016- >256 <0.016 >256 82.3 17.8
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Tetracycline <0.016- >256 1 8 90,3 9,7

Moxifloxacin <0.002- >32 0.125 0.5 96.8 3.2

P. oris ( 16) 

Ampicillin <0.016- >64 8 >256 37.5 62.5

Clindamycin <0.016- >256 <0.016 >256 56.2 43.8

Tetracycline 0.09-32 0.064 16 56.2 43.8

Moxifloxacin 0.09->32 0.25 0.5 93.8 6.2

P. salivae (11) 

Ampicillin <0.016- >256 0.064 64 72.7 27.3

Clindamycin <0.016- >256 <0.016 0.064 91 9

Tetracycline <0.016- 16 0.05 4 91 9

Moxifloxacin 0.06-8 0.038 1 91 9

Other Prevotella spp.a (30)

Ampicillin <0.016- >256 0.25 128 53.4 46.7

Clindamycin <0.016- >256 <0.016 >256 63.4 36.7

Tetracycline <0.016- 32 4 16 50 50

Moxifloxacin 0.06-32 0.5 2 93.3 6.7

537

538 aP. buccalis (4), “P. conceptionensis” (1), P. corporis (5), P. oralis (7),  P. timonensis (9),   P. veroralis (4)
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539                                     Table 4. Number of multidrug-resistant (MDR) Prevotella isolates found in different countries

Number of strains with resistance patterns*Countries (no. of 

isolates tested/no. of 

strains with MDR)
AMP+CL+TE AMP+TE+MOX AMP+CL+MOX CL+TE+MOX AMP+CL+TE+MOX

Austria              (29/4)
2 0 1 1 0

Belgium            (45/4)
3 0 1 0 0

Croatia              (33/5)
4 0 0 1 0

Denmark           (45/3)
1 1 0 0 1

France               (45/4)
4 0 0 0 0

Germany           (34/0)
0 0 0 0 0

Great Britain     (45/2)
1 0 1 0 0

Greece              (18/3)
2 0 0 0 1

Hungary          (47/11)
3 1 3 0 4

Kuwait               (14/4)
3 1 0 0 0

The Netherlands (45/1)
1 0 0 0 0

Slovenia             (29/2)
0 0 2 0 0

Turkey               (79/6)
2 1 0 0 3

Altogether      (508/49)
26 4 8 2 9

540 * Only resistant strains were evaluated, AMP ampicillin; CL clindamycin; TE tetracycline; MOX moxifloxacin;



ACCEPTED MANUSCRIPT

30

541

542 Table 5. Percentage of the non-susceptible Prevotella isolates to 4 antimicrobials submitted by the different countries, in comparison with the 

543 consumption for systemic use of antimicrobials in the community and the hospital sector in European Union countries, expressed in DDD / 1000 

544 inhabitants / day in 2015 (data available for eleven of the countries participating in the study) [16]

545

Ampicillin Clindamycin Tetracycline Moxifloxacin
Countries (no. of isolates 

tested) Non-susceptible 
(%)

Consumption of
β-lactams

Non-susceptible 
(%)

Consumption of 
MLS*

Non-susceptible 
(%)

Consumption of  
tetracyclin

Non-susceptible 
(%)

Consumption of 
quinolons

Austria (29) 31 6.6 51.7 3.06 24.4 0.99 31 1.32

Belgium (45) 53.3 16.47 31.1 3.68 59 2.04 15.6 2.6

Croatia (33) 75.8 11.9 42.4 3.1 57.6 1.14 21.2 1.5

Denmark (45) 28.9 10.67 11.1 1.84 24.4 1.61 24.4 0.49

France (45) 71.1 18.83 33.3 3.23 35.6 3.26 6.6 1.6

Great Britain (45) 40 8.87 20 3.1 33.4 4.97 15.5 0.46

Germany (34) 5.9 4.55 14.7 2.4 24.3 1.97 8.8 1.33

Greece (18) 83.4 14.62 55.6 7.5 50 2.58 11.2 2.66

Hungary (47) 55.4 7.07 48.9 3.3 42.6 1.21 31.9 2.71

Kuwait (14) 92.9 - 64.3  - 57.1 - 43.1 - 

Netherlands (45) 44.4 4.35 13.3 1.39 28.9 2.25 11.1 0.77

Slovenia (29) 51.7 9.61 48.3 1.86 40.7 0.42 13.8 1.16

Turkey (79) 59.5 - 40.5 - 25 - 17.7 - 
546

547 *MLS; Macrolides, lincosamides and streptogramins


