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2 Introduction: Streptogramins (pristinamycin and quinupristin-dalfopristin) can be interesting 3 options for the treatment of infections due to Gram-positive cocci, especially multidrug-4 resistant isolates. 5 Areas covered: This review provides an updated overview on structural and activity 6 characteristics, mechanisms of action and resistance, pharmacokinetic/pharmacodynamic and 7 clinical use of streptogramins. 8 Expert opinion: The streptogramin antibiotics act by inhibition of the bacterial protein 9 synthesis. They are composed of two chemically distinct compounds, namely type A and type 10 B streptogramins, which exert a rapid bactericidal activity against a wide range of Gram-11 positive bacteria (including methicillin-resistant staphylococci and vancomycin-resistant 12 enterococci). Several mechanisms of resistance have been identified in staphylococci and 13 enterococci but the prevalence of streptogramin resistance among clinical isolates remains 14 very low. Even if only a few randomized clinical trials have been conducted, the efficacy of 15 pristinamycin has been largely demonstrated with an extensive use for 50 years in France and 16 some African countries. Despite its effectiveness in the treatment of severe Gram-positive 17 bacterial infections demonstrated in several studies and the low rate of reported resistance, the 18 clinical use quinupristin-dalfopristin has remained limited, mainly due to its its poor 19 tolerance. Altogether, streptogramins (especially pristinamycin) can be considered as 20 potential alternatives for the treatment of Gram-positive infections.

A c c e p t e d M a n u s c r i p t 71 macrolactones (ca. 500 Da) containing an unusual oxazole ring and a dienyl amide fragment, 72 whereas type B streptogramins are cyclic hepta-or hexadepsipeptides (ca. 800 Da) with a 73 skeleton of amino acids with variations depending on the compound (Figure 1) [START_REF] Mukhtar | Streptogramins, oxazolidinones, and other inhibitors of 530 bacterial protein synthesis[END_REF][START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF][START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF].

74 Originally, streptogramins are natural mixtures produced by different members of 75 Streptomyces or related genera (Table 1) [START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF][START_REF] Johnston | Streptogramin antibiotics: mode of action 536 and resistance[END_REF]. Every antibiotic producer synthesizes a 76 mixture of various A and B components in different proportions. For instance, Streptomyces 77 pristinaespiralis produces a mixture of group B compounds called pristinamycins I 78 (pristinamycin I A , pristinamycin I B , and pristinamycin I C with a ratio of 80-90%, 3-5%, and 2-79 5%, respectively) and a mixture of group A compounds called pristinamycins II 80 (pristinamycin II A and pristinamycin II B ) [START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF]. Note that pristinamycin II A is predominant in 81 the pristinamycin II mixture. The relative proportion of the different pristinamycin II 82 fermentation products also depends on culture conditions [START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF]. Finally, the pristinamycin 83 produced by S. pristinaespiralis is a mixture of pristinamycin I A and pristinamycin II A in a 84 30:70 ratio by weight (Table 1 & Figure 1) [START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF][START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF].

85

Since a limitation in the clinical use of streptogramins was the poor water solubility, which 86 prevented the availability of an injectable form for the treatment of severe infections, semi-87 synthetic derivatives were developed in the 1990s from natural pristinamycins (Table 1) [START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF].

88 Quinupristin (RP 57669) and dalfopristin (RP 54476) were obtained after several steps of 89 chemical modifications from pristinamycin II A and pristinamycin I A , respectively [START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF]. The 90 streptogramin association selected, comprised quinupristin and dalfopristin combined in a 91 30:70 ratio (w/w) of methane sulfonate salts as RP 59500 (Figure 1) [START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF][START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF].

3. Mechanism of action 93

Streptogramins A and B act by interfering with bacterial protein synthesis [22,[START_REF] Vannuffel | Mechanism of action of streptogramins and macrolides[END_REF]. Their 94 bindings to adjacent but distinct regions within the P site of 23S rRNA of the 50S ribosomal 95 subunit result in synergic inhibiting activity [START_REF] Poehlsgaard | The bacterial ribosome as a target for antibiotics[END_REF]. Due to cooperative binding, streptogramin Cutibacterium acnes [START_REF] Devasahayam | Newer antibacterial drugs for a new 506 century[END_REF] 0.12-0.5 0.12-1 ≤0.06-0.12 1-32 4 4-32 0.5-2 0.5-32 0.25-16 ≤0.06-1 0.12-1 0.12-1 ≤0.06-1 0.25-1 0.25-1 0.5-2 0.12-4 0.5-1 ≤0.06-1 0.12-0.5 0.12-0.5 0.25-2 0.12-0. 2-4 2-8 0.12-2 0.25-32 0.12-4 0.12-0.5 0.12-1 0.12-1 0.12-0.5 0.12-1 ≤0.06-0.12 0.12-0.25 0.25-1 0.25-0.5 0.12-0.5 ≤0.03-0.12 ≤0.03-0.12 0.12-16 0.12 0.06-0.12 ≤0.03-0.12 0.25 1 0.12 2 4 8 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.12 0.25 0.5 0.5 0.12 0.12 ≤0.03 0.12 0.12 0.12 ≤0.03 0.5 2 1 4 4 8 0.5 4 2 0.25 0.5 0.5 0.25 0.5 0.12 0.25 0.5 0.5 0.5 0.12 0.12 4 0.12 0.12 ≤0.03 BLN Haemophilus influenzae (50) BLP Haemophilus influenzae (79) BLNAR Haemophilus influenzae (21) BLN Haemophilus parainfluenzae [START_REF] Mukhtar | Streptogramins, oxazolidinones, and other inhibitors of 530 bacterial protein synthesis[END_REF] BLP Haemophilus parainfluenzae (8) Moraxella catarrhalis [START_REF] Speciale | Antimicrobial activity of 558 quinupristin/dalfopristin, a new injectable streptogramin with a wide Gram-559 positive spectrum[END_REF] Bordetella pertussis [START_REF] Devasahayam | Newer antibacterial drugs for a new 506 century[END_REF] Neisseria meniingitidis [START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF] Neisseria gonorrhoeae [START_REF] Speciale | Antimicrobial activity of 558 quinupristin/dalfopristin, a new injectable streptogramin with a wide Gram-559 positive spectrum[END_REF] Bacteroides fragilis group (100) Bacteroides spp. (50) Fusobacterium spp. (40) Mycoplasma pneumoniae [START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF] Mycoplasma hominis [START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF] Ureaplasma urealyticum [START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF] Legionella spp. [START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF] Chlamydophila pneumoniae (5) Chlamydia trachomatis ( [START_REF] Low | A review of in-vitro antibacterial activity of 572 quinupristin/dalfopristin against methicillin-susceptible and -resistant 573 Staphylococcus aureus[END_REF], erm( 43)- [START_REF] Fuchs | Bactericidal activity of quinupristin-dalfopristin 606 against Staphylococcus aureus: clindamycin susceptibility as a surrogate 607 indicator[END_REF], erm [START_REF] Schwarz | Lincosamides, Streptogramins, phenicols, and 614 pleuromutilins: mode of action and mechanisms of resistance[END_REF], erm [START_REF] Roberts | Environmental macrolide-lincosamide-streptogramin and 620 tetracycline resistant bacteria[END_REF] c lsa(C) is associated with a "LS A P" resistance phenotype Bernard et al. [START_REF] Bernard | Oral 778 pristinamycin versus standard penicillin regimen to treat erysipelas in adults: 779 randomised, non-inferiority, open trial[END_REF] Bernard et al. [START_REF] Bernard | Pristinamycin in the treatment of acute 781 bacterial dermohypodermitis in adults. An open study of 42 patients[END_REF] Chosidow et al. [ 

VRE infections

Linden et al. [START_REF] Linden | Treatment of vancomycin-resistant 813 Enterococcus faecium infections with quinupristin/dalfopristin[END_REF] Moellering et al. [START_REF] Moellering | The 819 efficacy and safety of quinupristin/dalfopristin for the treatment of infections 820 caused by vancomycin-resistant Enterococcus faecium. Synercid Emergency-Use 821 Study Group[END_REF] Raad et al. [ [START_REF] Nichols | Treatment of hospitalized patients 823 with complicated gram-positive skin and skin structure infections: two 824 randomized, multicentre studies of quinupristin/dalfopristin versus cefazolin, 825 oxacillin or vancomycin. Synercid Skin and Skin Structure Infection Group[END_REF] 450 443 QD 7.5 mg/kg q12h OXA 2 g q6h, VAN 
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Table 2 )

 2 [START_REF] Speciale | Antimicrobial activity of 558 quinupristin/dalfopristin, a new injectable streptogramin with a wide Gram-559 positive spectrum[END_REF][START_REF] Low | A review of in-vitro antibacterial activity of 572 quinupristin/dalfopristin against methicillin-susceptible and -resistant 573 Staphylococcus aureus[END_REF]. Noteworthy, Enterococcus faecalis is a gap in the antimicrobial spectrum 125 since this Gram-positive species is intrinsically resistant to type A streptogramins (phenotype 126 LS A, which results in lincosamide and streptogramins A resistance) and to the A plus B 127 streptogramin combinations, due to the presence of the lsa(A) gene[START_REF] Singh | An Enterococcus faecalis ABC homologue 575 (Lsa) is required for the resistance of this species to clindamycin and 576 quinupristin-dalfopristin[END_REF][START_REF] Singh | Differences in the Enterococcus faecalis lsa locus that 578 influence susceptibility to quinupristin-dalfopristin and clindamycin[END_REF][START_REF] Dina | Nonsense mutations in the lsa-like gene in 581 Enterococcus faecalis isolates susceptible to lincosamides and Streptogramins A[END_REF]. Streptogramins 128 are also active against S. pneumoniae (regardless of resistance to -lactams and macrolides), 396 dalfopristin are inhibitors of CYP3A4 and consequently drug interaction is observed with 397 ciclosporin, midazolam, nifedipine, tamoxifen, and terfenadine[39,91].401 Although the streptogramin compounds are separately bacteriostatic, the combination usually 402 becomes bactericidal. Their spectrum of activity includes a broad range of aerobic and 403 anaerobic Gram-positive bacteria, but also most of fastidious Gram-negative and atypical 438 infections and skin infections due to streptococci or staphylococci. M. genitalium is an 439 important sexually transmitted pathogen responsible for both male and female genital tract 440 disease. Recently, the interest of pristinamycin in the treatment of infections due to this 441 pathogen have been demonstrated and European guidelines recommend to use pristinamycin 442 as a third-line treatment after azithromycin and moxifloxacin treatment failure for M. 443 genitalium infections. Moreover, this antibiotic has been described to be a good alternative to 444 treat infections due to resistant Gram-positive bacteria in patients with cancer in an Australian
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The spectrum of activity of streptogramins includes a broad range of aerobic and anaerobic 122 Gram-positive bacteria, with a MIC 90 generally ≤1 mg/l (Table

2

)

[START_REF] Bouanchaud | In-vitro and in-vivo antibacterial activity of 554 quinupristin/dalfopristin[END_REF][29][START_REF] Speciale | Antimicrobial activity of 558 quinupristin/dalfopristin, a new injectable streptogramin with a wide Gram-559 positive spectrum[END_REF][START_REF] Pankuch | Activities of a new oral streptogramin, XRP 561 2868, compared to those of other agents against Streptococcus pneumoniae and 562 haemophilus species[END_REF][START_REF] Eliopoulos | In vitro activity of an 564 oral streptogramin antimicrobial, XRP2868, against gram-positive bacteria[END_REF][START_REF] Goldstein | Comparative in vitro activities of XRP 567 2868, pristinamycin, quinupristin-dalfopristin, vancomycin, daptomycin, 568 linezolid, clarithromycin, telithromycin, clindamycin, and ampicillin against 569 anaerobic gram-positive species, actinomycetes, and lactobacilli[END_REF]

. They are active 123 against methicillin-susceptible, MRSA and most of E. faecium isolates (including VREF) 124 (129 -hemolytic streptococci, viridans streptococci, Corynebacterium spp., and Listeria 130 monocytogenes (Table 2) [28,38,39]. In addition, streptogramins exhibit activity against most 131 of Gram-positive anaerobes, such as Actinomyces spp., Clostridium spp., Lactobacillus spp., 132 Peptostreptococcus spp., and Cutibacterium acnes (Table 2) [33,39]. They are also active 133 against Mycoplasma spp., Ureaplasma urealyticum, and Chlamydia spp. Indeed, European 134 guidelines about M. genitalium infections recommend pristinamycin as third-line therapy in 135 patients failing both azithromycin and moxifloxacin therapy [40,41]. Interestingly, they also 136 have a good activity against fastidious Gram-negative bacteria including Moraxella 137 catarrhalis, Neisseria spp., and Legionella pneumophila (Table 2) [28,38,39]. Streptogramins 138 have a variable activity against Bacteroides fragilis group and other Gram-negative 139 anaerobes. Several strains are resistant and some, like Fusobacterium spp. are very 140 susceptible (Table 2) [28,39,40]. Finally, Enterobacterales, Pseudomonas aeruginosa, and 141 Acinetobacter spp. are intrinsically resistant to high levels of streptogramins [28]. 142 Clinical Laboratory Standards Institute breakpoints for quinupristin-dalfopristin against 143 staphylococci, enterococci, and streptococci are as follows: ≤1 mg/l, susceptible; 2 mg/l, 144 intermediate; and ≥4 mg/l, resistant [42]. European Committee of Antimicrobial 145 Susceptibility Testing breakpoints for quinupristin-dalfopristin are available only for URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk 193 cleavage of the ester linkage leading to a linearization of the molecule. A Low-level of 194 resistance to streptogramins B, mediated by ribosomal protection through acquisition of msr-195 like genes, is described in staphylococci, streptococci, or enterococci [57]. Page 8 of 40 URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy A c c e p t e d M a n u s c r i p t bacteria. This synergism also allows overcoming certain mechanisms of resistance to the 405 individual components of the combination and may explain low rates of resistance reported so 406 far. To date, two streptogramins are available in human medicine, oral pristinamycin, and 407 quinupristin-dalfopristin, an injectable formulation approved since 1999 and 2000 in the US 408 and Europe, respectively. In this study we have synthesized all the clinical studies evaluating 409 these antibiotics. Finally, virginiamycin, an oral streptogramin, was therapeutically used in 410 France until late 1990s and as a growth promoter for animals in many European countries 411 until early 2000s and currently in the US. 412 Page 17 of 40 URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk 446 Quinupristin-dalfopristin, an injectable streptogramin, was the first to be developed 447 internationally. Despite its effectiveness in the treatment of severe Gram-positive bacterial 448 infections demonstrated in several studies, and the low rate of reported resistance, the 449 penetration of this molecule into the antibiotic market has remained limited. This can be 450 probably explained in part by the mode of administration, which requires a central venous 451 catheter. The low use of this antibiotic can likely also be explained by the high prevalence of 452 side effects, namely venous intolerance and the risk of thrombophlebitis. Studies to decrease 453 the toxicity of this molecule would be interesting, in order to make it more accessible and 454 easy to use. Currently marketed in North America, its high cost also represents a barrier to its 461 No writing assistance was utilized in the production of this manuscript. 462 Page 19 of 40 URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk  The efficacy of pristinamycin has been largely demonstrated due to its extensive use 473 for 50 years in France and some African countries. 474  The clinical use quinupristin-dalfopristin has remained limited, mainly due to its poor URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk URL: https://mc.manuscriptcentral.com/eri Email: IERZ-peerreview@journals.tandf.co.uk Expert Review of Anti-infective Therapy

Table 1 :

 1 Examples of streptogramins[START_REF] Barrière | Recent 532 developments in streptogramin research[END_REF][START_REF] Canu | Overcoming bacterial resistance by dual target inhibition: the 534 case of streptogramins[END_REF].

	Page 35 of 40			
	Streptogramins	Individual components	Producing organism
		A	B	
	Natural products			
	Madumycin	Madumycin II	Madumycin I	Actinomadura flava
	Mikamycin	Mikamycin A	Mikamycin B	Strepomyces mitakaensis
	Pristinamycin	Pristinamycin II A , II B , II C ,	Pristinamycin I A , I B , I C , I D ,	Streptomyces
		II D , II E , II F , II G	I E , I F , I G , I H , I I	pristinaespiralis
	Synergistin	Synergistin A1, A2	Synergistin B1, B2, B3	
	Vernamycin	Vernamycin A	Vernamycin B (, , , )	Streptomyces olivaceus
	Virginiamycin	Virginiamycin M1, M2	Virginiamycin S1, S2, S3,	Streptomyces loidensis
			S4, S5	Streptomyces virginiae
	Semisynthetic derivatives			
	Quinupristin-dalfopristin	Dalfopristin	Quinupristin	-
	(RP 59500)	(RP 54476)	(RP 57669)	
	Linopristin-flopristin	Flopristin	Linopristin	-
	(XRP 2868)	(RPR 132552)	(RPR 202868)	
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Table 2 :

 2 Comparative in vitro activity (MIC in mg/l) of quinupristin-dalfopristin, and pristinamycin against Gram-positive bacteria[START_REF] Pankuch | Activities of a new oral streptogramin, XRP 561 2868, compared to those of other agents against Streptococcus pneumoniae and 562 haemophilus species[END_REF][START_REF] Eliopoulos | In vitro activity of an 564 oral streptogramin antimicrobial, XRP2868, against gram-positive bacteria[END_REF][START_REF] Goldstein | Comparative in vitro activities of XRP 567 2868, pristinamycin, quinupristin-dalfopristin, vancomycin, daptomycin, 568 linezolid, clarithromycin, telithromycin, clindamycin, and ampicillin against 569 anaerobic gram-positive species, actinomycetes, and lactobacilli[END_REF][START_REF] Low | A review of in-vitro antibacterial activity of 572 quinupristin/dalfopristin against methicillin-susceptible and -resistant 573 Staphylococcus aureus[END_REF][START_REF] Singh | An Enterococcus faecalis ABC homologue 575 (Lsa) is required for the resistance of this species to clindamycin and 576 quinupristin-dalfopristin[END_REF][START_REF] Singh | Differences in the Enterococcus faecalis lsa locus that 578 influence susceptibility to quinupristin-dalfopristin and clindamycin[END_REF][START_REF] Dina | Nonsense mutations in the lsa-like gene in 581 Enterococcus faecalis isolates susceptible to lincosamides and Streptogramins A[END_REF][START_REF] Bonfiglio | Novel streptogramin antibiotics[END_REF][39][40].

	Bacterial species	Quinupristin-Dalfopristin		Pristinamycin	
	(no. of tested isolates) a	Range	MIC 50 MIC 90	Range	MIC 50	MIC 90
	MS Staphylococcus aureus (30)					
	MR Staphylococcus aureus (45)					
	Staphylococcus epidermidis (14)					
	VS Enterococcus faecalis (24)					
	VanA Enterococcus faecalis (10)					
	VanB Enterococcus faecalis (23)					
	VS Enterococcus faecium (30)					
	VanA Enterococcus faecium (32)					
	VanB Enterococcus faecium (31)					
	PS Streptococcus pneumoniae (86)					
	PI Streptococcus pneumoniae (81)					
	PR Streptococcus pneumoniae (94)					
	ES Streptococcus pneumoniae (141)					
	ER Streptococcus pneumoniae (120)					
	Streptococcus pyogenes (27)					
	Streptococcus agalactiae (15)					
	Viridans streptococci (20)					
	Listeria monocytogenes (23)					
	Corynebacterium jeikeium (10)					
	Actinomyces israelii (13)					
	Actinomyces odontolyticus (10)					
	Clostridium difficile (14)					
	Clostridium perfringens (12)					
	Finegoldia magna (11) b					

Table 3 :

 3 Mechanisms

		of	resistance	to	streptogramins	in	Gram-positive	bacteria
	(http://faculty.washington.edu/marilynr/) [20, 21, 24, 48-68].	
	Resistance	Gene(s)		Resistance	Main bacterial species
	mechanism			phenotype a	
	Streptogramins A						
	Ribosomal	cfr, cfr(B), cfr(D)	PhLOPS A	Staphylococcus spp., Streptococcus spp,
	methylation					Enterococcus spp.
	Acetylation	vat(A)-(E), vat(G),	S A		Staphylococcus spp., Enterococcus spp.
	Ribosomal	vga(A)-(E),		S A		Staphylococcus spp., Enterococcus spp.
	protection	vga(A) V, vga(A) LC	LS A		Staphylococcus spp.
		lsa(A)-(C) c , lsa(E)	LS A		Staphylococcus spp., Streptococcus spp,
						Enterococcus spp.
		sal (A)		LS A		Staphylococcus sciuri
		eat(A)v		LS A		Enterococcus faecium
	Streptogramins B						
	Ribosomal	erm genes b		MLS B	Staphylococcus spp., Streptococcus spp,
	methylation					Enterococcus spp., Cutibacterium acnes
	Ribosomal mutation	rrn (23S rRNA)		MLS B	Streptococcus pneumoniae
		rplD (L4 protein)	M		Streptococcus pneumoniae
		rplV (L22 protein)	MS B		Staphylococcus aureus, Streptococcus
						pneumoniae	
	Hydrolysis	vgb(A), vgb(B)		S B		Staphylococcus spp.
	Ribosomal	msr(A)-(D), msr(F)-(H)	MS B			
	protection						

, Enterococcus faecium Staphylococcus spp., Streptococcus spp., Enterococcus spp., Macrococcus spp. a L: Lincosamides; M: Macrolides; O: Oxazolidinones; P: Pleuromutilins; Ph: Phenicols; S A : Streptogramins A; S B : Streptogramins B. b erm(A)-(C), erm(F), erm(Q), erm(T), erm(X), erm(Y), erm

Table 4 :

 4 Main pharmacokinetic parameters of streptogramins after a single dose[29,[90][91][92].

		Pristinamycin	Quinupristin-Dalfopristin (30:70)
	Parameter a	PI A	(2 g, PO)	PII A	(7.5 mg/kg, IV) Quinupristin Dalfopristin
	C max (mg/L)	0.8			0.6	2.3-2.7	6.1-8.2
	t max (h)	3.2			3.1	0.9	1.1
	AUC (mgh/L)	2.2			1.2	2.7-3.3	6.5-7.7
	t 1/2 (h)	4			2.8	0.9-1.3	0.7-1.1
	CL (L/h/kg)	-			-	0.7-0.9	0.7-0.8
	V d (L/kg)	-			-	0.45	0.24
	PB (%)	40-45	70-80	55-78	11-26
	FE (%)	-			-	75	77
	UE (%)	-			-	15	19
	a AUC: area under the concentration-time curve; CL: Systemic clearance; C max : Maximal plasma concentration; FE:
	Excretion in the faeces; IV: Intravenous; PB: Protein binding; PO: per os; t 1/2 : Plasmatic half-life; UE: Excretion in the
	urine; Vd: Volume of distribution.		
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Table 5 :

 5 Main clinical trials assessing the efficacy of pristinamycin[START_REF] Pessey | Pristinamycin use in the treatment of acute maxillary sinusitis in 757 adults][END_REF][START_REF] Gehanno | Efficiency of a four-day course of 759 pristinamycin compared to a five-day course of cefuroxime axetil for acute 760 bacterial maxillary sinusitis in adult outpatients[END_REF][START_REF] Trémolières | Efficacy and 766 safety of pristinamycin vs amoxicillin in community acquired pneumonia in 767 adults[END_REF][96][START_REF] Léophonte | Treatment of exacerbations of chronic 772 obstructive pulmonary disease with pristinamycin[END_REF][98][START_REF] Bernard | Oral 778 pristinamycin versus standard penicillin regimen to treat erysipelas in adults: 779 randomised, non-inferiority, open trial[END_REF][START_REF] Bernard | Pristinamycin in the treatment of acute 781 bacterial dermohypodermitis in adults. An open study of 42 patients[END_REF][START_REF] Chosidow | Cloxacillin versus pristinamycin for 784 superficial pyodermas: a randomized, open-label, non-inferiority study[END_REF] and quinupristin-dalfopristin[START_REF] Drew | Treatment 805 of methicillin-resistant Staphylococcus aureus infections with quinupristin-806 dalfopristin in patients intolerant of or failing prior therapy. For the Synercid 807 Emergency-Use Study Group[END_REF][START_REF] Raad | Prospective, randomized dose-ranging open phase 809 II pilot study of quinupristin/dalfopristin versus vancomycin in the treatment of 810 catheter-related staphylococcal bacteremia[END_REF][START_REF] Linden | Treatment of vancomycin-resistant 813 Enterococcus faecium infections with quinupristin/dalfopristin[END_REF][START_REF] Raad | Prospective, randomized study comparing 816 quinupristin-dalfopristin with linezolid in the treatment of vancomycin-resistant 817 Enterococcus faecium infections[END_REF][START_REF] Moellering | The 819 efficacy and safety of quinupristin/dalfopristin for the treatment of infections 820 caused by vancomycin-resistant Enterococcus faecium. Synercid Emergency-Use 821 Study Group[END_REF][START_REF] Nichols | Treatment of hospitalized patients 823 with complicated gram-positive skin and skin structure infections: two 824 randomized, multicentre studies of quinupristin/dalfopristin versus cefazolin, 825 oxacillin or vancomycin. Synercid Skin and Skin Structure Infection Group[END_REF][START_REF] Fagon | Treatment of gram-positive nosocomial 828 pneumonia. Prospective randomized comparison of quinupristin/dalfopristin 829 versus vancomycin. Nosocomial Pneumonia Group[END_REF].

	Results (%) c

  AMC: Amoxicillin-clavulanate; AMX: Amoxicillin; ATM: Aztreonam; CFZ: cefazolin; CLO: Cloxacillin; CXM: Cefuroxime axetil; LIN: Linezolid; OXA: Oxacillin; PG: Penicillin G; PV: Penicillin V; PRI: Pristinamycin; QD: Quinupristin-dalfopristin; VAN: Vancomycin c Success rates observed in per-protocol and/or intention-to-treat populations (end of treatment and/or follow-up). NA: not available.
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	(NCT00949130)	180	NXL103 q12h LIN q12h	7-14	
			M a n u s c r i p t
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	Nosocomial pneumonia					
	Fagon et al. [115]	150	QD 7.5 mg/kg q8h + ATM 2 g	10	43-56	53-59
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	(NCT00653172)		NXL103 600 mg q12h		
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	Acute bacterial skin infections				
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