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A b I d s To determine single-step mutation rates, isolates were  All six organisms showed “partial synergy or additive” » As the media pH increases, the fusidic acid MIC value Table 4. In vitro influences of medium pH + 10% human serum
StraCt 1 ’[I‘O U Ct' on suspended in sterile MHB to achieve approximately 1 to 5 x interactions for the fusidic acid/rifampin combination, and 5 increases, decreasing potency (Table 4). Similarly, protein on fusidic acid activity tested against five S. aureus
10° colony forming units (CFU)/ml. Inoculum suspensions of 6 organisms with the fusidic acid/gentamicin adverse effects of 10% human serum protein on fusidic strains.
Background: Fusidic acid (FA) is a steroidal antimicrobial Staphylococcus aureus is currently one of the leading were plated onto agar plates containing 4x, 8x and 16x MIC combination showed improved activity (= additive; Table acid activity was demonstrated by a four-fold increase in | MIC at pH (ug/ml):
agent with focused Gram-positive activity (skin and skin threats to public health worldwide with regards to morbidity, of fusidic acid. Colony counts of the mutant population were 3). Figure 1a shows enhanced killing of the fusidic the MIC using the reference broth microdilution testing Organisms 10%serm 50 60 W 7274 50
structure infections) which acts by preventing bacterial mortality and healthcare costs. Isolation of vancomycin- determined after 24 and 48 hours of incubation and the acid/rifampin combination compared to the best single conditions (pH 7.2-7.4 £ 10% human serum proteins). S- aureus 17-23A 0-25 0-25 0-25 03
protein synthesis via interacting with elongation factor G. resistant S. aureus (VRSA), -intermediate (VISA) or hetero- mutation frequency was determined as the ratio of mutants agent tested against S. aureus ATCC 25923, confirming . a1 ' g;z gzz , ;5a 025
resistant (hVISA) strains and increasing reports of treatment divided by the total number of bacteria in the initial observations from the checkerboard synergy studies. Table 3. Fusidic acid drug interaction (synergy) categories tested in aureus £f- - | - -
Methods: A collection of 114 wild type (WT) isolates (>80 failures have shifted the standard of care more toward population. Results at 8 and 24 hours of incubation show slightly combination with eight other antimicrobials. ' 0tz 025 ! 2

. - - . . ry . . T . . ) S. aureus 716J 0.25 0.25 0.252 0.5
species) was used to define the contemporary limits of FA |II’]$ZOI|Id zlatondI daptclmﬁcm. Ulnfortunateb(/],I r_le_f]lstances to these Broth microdilution checkerboard trays (MHB) were used to en_r(ljz;mced kl!llng for the cgmblnatlon c_)f.fu3||d|c - Occurrences by interaction category: ) o oo ) ,
spectrum against Gram-positive (GP) and -negative (GN) :3\;;“(;;:28'3];9;” Sﬁﬂﬁ;&%%?ﬁ{(?; é er?t;eiﬁrforgr?t?i)(/e < determine the potential synergistic activity between fusidic :Clre g:np?g&cgg;cgpge r(teo 1%entam|cm alone for . Eusidic acid Synergy _ B | | | S. aureus ATCC 29213 0.25 0.25 0.25a 1
species. CLSI broth microdilution (BMD) and anaerobic agar that have not vet gf erienced selective aﬁtimicrobial acid and antimicrobial agents from other classes. ured (Pl ) co-drug Complete Partial  Additive Indifferent Antagonism _ Indeterminate . 012 025 1 2
dilution (AD) methods were performed. Modifications of ressure for tﬁ]’ ose d'[r’u o Confirmatory Kill curve studies with fusidic acid and co-drugs . — . Rifampin 0 > ! 0 0 0 S. aureus ATCC 25923 025 025 0.258 1
standard test methods included adding 10% human serum, P gs- rifampin and gentamicin, which showed the greatest degree Table 1. sgp;ﬁtsrfgr;’:nagg?t@gzsgacrt'gggt_c’fef‘:;gfg _20;?] ctlej:gl e Ciprofloxacin 0 0 0 4 0 2 ¥ 012 025 1 2

. - v — v | | ;
adeSting the medium pH to 5, 6, and 8 and synergy was CEM-102 (fUSidiC aCid) is a steroidal antimicrobial agent of synergy, were determined alone at one-half and 2x the bacterial pathogens. LeVOﬂOXIa.CIn 0 0 0 4 0 2 a. Reference MIC at pH 7.2-7.4 without added human serum proteins.
assessed by the checkerboard method. Mutational rates to introduced into clinical practice in 1962. Fusidic acid has MIC and co-drugs were tested at one-fourth the MIC alone gentTlcm (1) i i ; g (1)
. o i i Xacllin
resistance (R) were determined at 4x, 8x and 16x MIC. potent antimicrobial activity against Gram-positive pathogens and in combination with the two fusidic acid concentrations. grgamsm_quUp/szc'esz(go' tested) MIC range (ho/m) Ceftriaxone 0 0 ) ) 0 ) CO N CI us | ons
. ; - t

including MRSA and has been used for over four decades in The effects of added serum proteins and media pH levels on rir_”aﬂfi;vffm o 0.25 Vancomycin 0 0 2 4 0 0
Results: Against GP FA MIC values ranged from 0.06-32 many countries, but has not yet been approved for use in the the activity of fusidic acid was determined using various pH M. luteus (2) 0.25-0.5 Aztreonama 6 - : N T
ug/ml with greatest potency against S. aureus, United States (USA). Even after decades of fusidic acid use, and protein contents, including four different pH values (5.0, Enterococcus spp. (6)° 2-8 Al L ; 9 ” 0 ; * The spectrum of_f.u3|dlc aC'_d SIS (= I'”_"ted tq
Corynebacterium spp. and M. luteus (MIC results 0.25, resistance rates have remained low in most countries. 6.0, 7.2-7.4 [physiological level], and 8.0) and 10% pooled Streptococcus spp. (13)° 16-32  Arveonamesiod a8 Snale suscenible breakpont concentation @ e/ oy, Five of s srams some Gram—postuve aero_blc pathogens, mcl_udlng
<0.12 and <0.5 “g/mL respective|y)_ Enterococci and Serum prOt-ein which was added and Compare(-j to results \FIQV T;Jr?;fsg;rlija @) 382 ?:L?;/:/:Z(;tri]k;)lec)r.]ange in the fusidic acid MIC and one strain had an increase from 0.06 to 0.12 ug/ml Staphy|OCOCC|, m|.Cr.OCOCC| and Coryr.]ebacter!um Spp.
streptococci were less susceptible (S; MIC ranges of 2-8 and This s_tudy was conducted to evaluate muItipIg pbjectives, obtained with MHB free of supplemental proteins. L euconostoc spp. (1) 222 _and Sglected fastl_dlo_u-s -Gram-negatlve species
16-32 pg/ml, respectively). FA activity against GN species including tegtlng a br.oad sample of Gram-posﬁwg and Corynebacteria spp. (2) 0.06-0.12 Figure 1. Kill CtL)J'rve'reSUI'ti qur fusidic acid (CEM-102) tested in Including, N. meningitidis, N. gonorrhoeae and M.
was limited (all MIC values =2 pg/ml) except for E. brevis, M. Gram-negative species to clearly update and define the R It B. cereus (1) 4 combination with rifampin against S. aureus ATCC catarrhalis.

: L limits of fusidic acid spectrum and potency. We also defined eSulIts L. monocytogenes (1) 16 25923(a) and gentamicin against S. aureus ATCC
catarrhalis and N. meningitidis (MICs, 0.12-0.5 ug/ml). A 4- : ) ) ) Gram-positive anaerobes (30)¢ 29213(h)
told i . resistance selection after a single exposure to this agent, the o ; : :
old increase in FA MIC results was observed when 10% L : ; . . . . . Clostridium spp. (21) 0.5-8 e Results from this study suggest low mutational
serum was added. Decreasing medium pH to 5.0-6.0 potential interactions (synergism to antagonism) with other » The fusidic acid MIC values for Gram-positive aerobic Peptostreptococcus spp. (8) 14 (@) SA ATCC 25923 frequency and potential svneraistic activity for fusidic

4 th ; bindi ?f A P n 8 ' agents and determined the effects of pH and serum proteins organisms (Table 1) ranged from 0.06 pug/ml to >32 ug/ml, E. lenta (1) 8 .q : y P . y g y
negated the protein binding efrects. Among the 8 on the activity of this agent. with the lowest values for S. aureus (0.25 pg/ml), Gram-negative Enterobacteriaceae (21)¢ >32 >0 ac'd_ with other ant.lmlcroblal classes when tested
combinations tested, gentamicin (GEN) and rifampin (RIF) Corynebacterium spp. (£0.12 pug/ml) and Micrococcus Gram-negative non-fermentative bacilli (23)e 0.5->32 8.0 A —» against S. aureus Isolates.
showed the greatest enhanced activity combined with FA luteus (0.5 pg/ml) Gram-negative anaerobes (5) 8-16 = /,//V
. sVU. : . . E

No antagonism). Single-step mutational rates ranged from e . . Fastidious species (41) > 70 - idic acid i imi i i
( %106 ? ). Sing p_8 ¢ J \ ateri a'l S an d M el h O d S  Modest fusidic acid activity was observed against Haemophilus spp. (2) 8-32 5 // /_/// FUSI_C“C acid is an oldc_er_antlm_lc_:roblal agent with
1.2x106 for 4x MIC to 9.8x10-8 for 16x MIC. enterococci, streptococci and other infrequently isolated M. catarthalis (2) | 0.06-0.12 §’ 6.0 - e — _contlnued potent_lal clinical utlllt_y agal_nst some

A total of 114 Gram-positive and -negative organisms were Gram-positive pathogens with MIC values of 2 to >32 Ne:ssle;'ifzp' (57) — — I_O'EZ;Z_ e R important bacterial pathogens, including MRSA,

Synergy susceptibility tested against fusidic acid to determine the ug/ml (Table 1). This compound did not exhibit activity b Included: 5 apelacton, & angiaSus S bovis. 5. sancielinis, 5. poraenil & Intermedius, S, miler especially in the USA.
. . . . . ; : S. mutans, S. oralis, S. parasanguinis, S. salivarius, S. sanguine and S. uberis.

FA/co-drug Complete Partial Additive Indifferent Antagonism Indeterminate SpeCtrum of aCtIVItY- These bacterial isolates included 27 agalnSt EnterOba(.:tenaceae (MIC Vialues’ >32 I.lg/ml) and c. Includted: CS.cIostridiifor;me, C.?erium,SC. butyricumS(Z stra?ins),c. dificile (13 strains), C. perfringens 4.0 0 ) 4 | g 04

SpeCieS Of Gram-pOSitive aerObes, 20 SpeCieS Of most Gram_negat|ve non_fermentauve baC|"| (Tab|e 1) (4 straéins), P. asaccharolyticus (2 strains), P. micros (3 strains), and unspeciated Peptostreptococcus .
Rifampin 0 S 1 0 0 0 b I f 13 d 20 i . . T d. Isnpcplixfiej:tracl?t?c))bacter freundii, C. koseri, Enterobacter aerogenes, E. cloacae, Hafnia alvei, Leclercia Time (hrs) R f

_ Enterobacteriaceae from genus groups an SPecIes e M. Catarrhalls, N. gonorrhoeae and N. meningitidis had adecarboxylata, Klebsiella oxytoca, K. pneumoniae, Kluyvera spp., Morganella morganii, Pantoea ] ] e eren C eS

Levofloxacin 0 0 0 4 0 2 f 17 fG ti f tati J J agglomerans, Proteus mirabilis, P. vulgaris, Providencia rettgeri, P. stuartii, Salmonella group C —+— Control —=—CEM-1020.12  —4—CEM-1020.5

brornll ger_l(ljJ_S grOUpi 0 ram-Te(jgadlve non- .ermen ative MIC values that ranged from 0.06 to 2 Hg/m| and Sg?monella g’roup D, Serratia Iiéuéfacigns, S. marcescens ar%d Yersinia enterocolitica (ngtraipns)..’ Rifampin .008 —%— CEM-102-0.12/Rif —e— CEM-102-0.5/Rif
T 0 0 bacill, Fastidious pathogens included Neisseria spp., Haemophilus spp. had MIC values at 28 pg/m. " Rt sohe, AQrobecerum riohacter, Bucdrcapece, Bordetela oneHoepALa 2 1. Anderson JD (1980). Fusidic acid: new opportunities with an old
Oxacilin 0 1 1 3 0 1 e ’ . e « Fusidic acid was more active against Gram-positive SonTobaCtrum anthropi, Pasteureli muloida, Peeudomonas putda, b, stuzers Relstona piokett, ® SAATCE 29213 antibiotic. Can Med Assoc J 122: 765-769.

CIOStrIdlum Spp'! PeptOStreptOCOCCUS Spp Eggerthe”a Ienta’ - . Shewanella algae, Sphi’ngomonas paucimobili,s and Stenotrophomon’as.maltoph’ila i ’ 2 Cl i | d L b t St d d | t't t 2009). M0O7-A8
Vancomycin 0 0 2 4 0 0 Bacteroides fragilis and B. thetaiotaomicron. anaerobes with MIC values ranging from 0.5to0 8 llg/m| f.  Included: 35 isolates of N. gonorrhoeae and two isolates of N. meningitidis. 9.0 . Inical an a O_ra ory. _an a.r S Institu e ( ) ~MO. .

compared to Gram-negative species with MIC values 8 to Methods for dilution antimicrobial susceptibility tests for bacteria

Allagentstested 1 ! o 24 0 ! . _ 16 ug/ml (Table 1) . _ . >0 that grow aerobically; approved standard - eighth edition.

The Clinical and Laboratory Standards Institute (CLSI) broth ' Table 2. Frequency of mutation with a single exposure to fusidic acid £ 7.0 W Wayne, PA:CLSI

microdilution methods in frozen-form panels and agar « Table 2 shows that at 4x and 8x the fusidic acid MIC, the when testing two methicillin-resistant S. aureus isolates 2 60 .4;\ o ' .

- : o o ! _ ’ , 3. Clinical and Laboratory Standards Institute (2009). M100-S19.
Conclusions: FA demonstrated potent GP activity, dilution methods were used for aerobic (M07-A8, 2009) and frequencies of mutants ranged from 1.2 x 106 to 2.9 x (CA-MRSA; USA300). g 5.0 — S— i -
especially against the staphylococci. A more limited activity i i i -7 i S \ Performance standards for antimicrobial susceptibility testing.

_ St anaerobic organisms (M11-A7, 2007), respectively. 10/, but at 16x the MIC, the mutational rate was only 7.4 Organism Fusidic acid concentration Frequency of mutation® = 4.0 ~ 19th informational supplement Wayne, PA:CLSI.
Wr?)st‘eci)rtl); ngfgr:ga'?ni:uisczze&eé Lsghizshﬁyvi\elgrsliw;nr ~STOIENS £ 51 MR, SUPPEEs Gl ITeble o 09.8x 10% OL906D XMIC 1-2x10° >0 S~ 4. Dobie D, Gray J (2004). Fusidic acid resistance in
. . . -7 . .
pm edia oH. like s e>(lan At infection sites. d ’r d neaativ environments were useq In order to support the growth of « The dominant interaction category (24/41 occurrences; fgx'\:/:li ;22188 20 . , . | . . Staphylococcus aureus. Arch Dis Child 89: 74-77.
proteln binding effects_. FA |n_ vitro activity was most mter.pretlvg criteria for comparator compounds were as This was followed by “additive” interactions at 9/41 8y MIC 13 107 potential waste of a useful antistaphylococcal agent: emerging
improved when combined with RIF. published In the CLSI M100-S19 (20_09) using appropriate occurrences or 22%. No antagonistic combinations were 16x MIC 7.4%10% +Z°“”g'25 +§Emg§ S'E/e :gimgz g-;G fusidic acid resistance in Staphylococcus aureus. Clin Infect Dis
ATCC strains. All QC results were within pUbIlShEd limits. observed (Tab|e 3) a. Initial inoculums were 3.8 to 4.0 x 102 CFU/m. ent 0. = nhtnh ent ~102-0.5/Gent 42: 394-400.
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