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AMENDED ABSTRACT The linezolid mechanism of action has been described as selective binding to * Linezolid demonstrated excellent comparative activity across Table 2. Linezolid activity compared to 14 other agents when tested in the e Linezolid was active against all streptococci (MIC,, and MIC, CONCLUSIONS
the 50S ribosomal subunit of the 23S rRNA molecule with resultant inhibition all S. aureus tested (Tables 2 and 3). The linezolid MIC,, for LEADER Program (USA, 2007), 6,305 strains. 1 pug/ml, Tables 2 and 3) and only 16 strains had MIC values of
Background: The LEADER Program has completed an expanded fourth c?f prot.eln SV_””‘GS'S- Among the documented uncommon occurrences of S. aureus was 2 yg/ml and when the MRSA and MSSA were MIC (ug/mi) Vo b T 2 ug/ml. o | I bl . e .
. . . N . linezolid resistance reported to date for staphylococci and enterococci, G2576 . - _ _ iInezolid susceptibility testing of Gram-positive
year of LZD surveillance in the USA, monitoring Gram-positive (GP) isolates T9500 ¢ ¢ oit ot have b the tvpical han For the first examined separately, the MIC,, and modal MIC for both groups Pathogen (no. tested/antimicrobial agent) 50%  90% Range Susceptible/Resistant | _ o . .
in 60 medical centers. LZD has emerged as a viable therapeutic alternative of Arget site Muiations Nave been the typical mechanism. For the Tirs 1 ua/ml. This ob tion differed slightlv f 2006 It  Two staphylococcus isolates (S. aureus and S. epidermidis) isolates (6,305) from 60 USA medical centers
was | Jg/mi. IS obServation dirtereqa sligntliy irom reSultsS S. aureus (3,318)
for infections caused by R GP organisms such as methicillin-R S. aureus time (2007) in the LEADER Program, a cfr-mediated resistance mechanism to - ol displayed linezolid-non-susceptible phenotypes and had a - s -
e . | linezolid has emerged among staphylococci. (for LEADER and ZAAPS), where MSSA strains had a two-fold Hinezelfe 1 2 Ukt S < » . L . showed excellent retained activity and a sustained
(MRSA) and vancomycin-resistant enterococci (VRE). higher linezolid MIC mode Ciprofloxacin 1 >4 <0.03->4 51.2 / 47.3 positive PCR result using cfr-specific primers (confirmed by o o o)
- | - - Clindamycin <025 2 <0252 75.8/24.2 sequencing). These isolates were the first noted in humans in susceptibility rate of 99.56% overall (99.55% in
Methods: 6,305 GP isolates from 60 sites were sent to the monitor for _ |
identification confirmation and CLSI broth microdilution susceptibility (S) MATERIALS AND METHODS e A total of 1,020 CoNS isolates were processed by CLSI Erythrowcm > > <0.25>2 53.3/066.4 the USA. 2006)-
testing. Sites were distributed across the 9 USA census regions and each reference tests for linezolid and 15 comparison agents. The all Gentér.mf " = = =2>9 orol2d . . : C . .
participant submitted 100 isolates in the following organism groups (no.): The 60 medical centers were selected to represent all nine USA Bureau of region linezolid MIC., was 1 pg/ml (Table 3) and no significant OX_aC'”'”_ | o > > skl 98 Table 3. Cumulative percentage inhibited results at each linezolid MIC e [inezolid MIC populatlon distributions remained
S. aureus (SA; 3,318), coagulase-negative staphylococci (CoNS; 1,020), Census geographic zones or regions (5-8 sites/region) as follows: Pacific _9 90 TTE= HY | i 9 Ql.Jlnuprlstlln/dalfoprlstln 05 05 <0.25-2 99.9/0.1 when testing six different groups of Gram-positive cocci isolated unchan g ed without evidence of “MIC cre ep”
enterococci (ENT, 705), S. pneumoniae (SPN: 622), viridans group (VGS: (California [2], Hawaii [1], Oregon [1], Washington [3]), Mountain (Arizona [2], dlfferenges Were. n.o-ted IN I|r.1e.zoI|d |\/||C distributions When Trlmethoprllm/suIfamethoxazole <0.5 <0.5 <0.5->2 98.0/2.0 from all USA census regions (LEADER Program, 2007)3; 6,305 . | |
249) and B-haemolytic streptococci (BHS; 391). Molecular studies (PCR, Colorado [1], Montana [1], Utah [1]), West North Central (lowa [1], Kansas comparing methicillin (oxacillin)-resistant and -susceptible vancomyain 1 1 <0124 >99.970.0 strains. among indicated species (Table 3).
PFGE) were performed to identify R mechanisms and possible clonality [3], Missouri [2], Nebraska [1]), West South Central (Arkansas [1], Texas [4]), isolates. The oxacillin-resistant (OR) rates varied by census Coagulase-negative staphylococci (1,020) Cum. % inhibited at linezolid MIC (ug/ml) . . ,
within or between hospitals. East North Central (Indiana [1], Michigan [2], Ohio [3], Wisconsin [2]), East region (58.7 to 78.9%) with the highest rates detected in the WN '(‘)'_”ezz"d | :1 14 Sggg’f 4392'3 ; 5:6 Organism group (no. tested) <012 025 05 1 D 4 8 ~8 * Molecular epidemiology (PFGE) and mechanisms
South Central (Kentucky [2], Mississippi [1], Tennessee [4]), New England A ' ' protioxacin > sUM9m> ' ' g . ' ' :
Results: LZD-R rates remained very low (<1%) and consistent with ntral (Kentucky [2] ppi [1] [4]), New England Central, ES Central and Mid-Atlantic regions. The overall OR Clindamycin 005 s> —0oman e Viridans group streptococci (249) 0.8 4.4 426 984 1000 - : - of resistance (target mutations or cfr) testing for
vious results (Connecticut [1], Maine [1], Massachusetts [3], Vermont [1]), Middle Atlantic CoNS rate was 72.7%, decreased from 76.9% in 2006. o s ., 0950 003 /70,3 S. pneumoniae (622) 03 19 367 986 1000 - _ _ the i lid stant strai : licat i :
P ' (Pennsylvania [1], New York [3], New Jersey [3]), and South Atlantic (Florida [3], Gy y , . = '2 . 71'9/17'7 B-haemolytic streptococci (397) 0.0 03 21.2 992 1000 - ) ) € lInezolid-resistant strains implicate epliaemic
C oy - PRI - entamicin < > <2-> : : ' ' ' ' ' . . . . . .
Table. LZD activity in the USA by year Maryland [1], North Garolina [1], Virginia [1], Washington DC [2)) e Linezolid potency tested against CoNS isolates demonstrated a Oxacillin? 2 D <0.2550 273/ 727 CoNS (1,020) 04 13 450 969 980 982 983 1000’ clonal dissemination in monitored medical
| % non-susceptible or resistant Each medical center was instructed to forward 100 organisms with the MICc,,o, Of Only 1 pug/ml (Table 1) without any adverse influence Quinupristin/dalfopristin <025 0.5 <0.25-2 99.8 /0.0 Enterococci (705) 60 04 45 681 9839 983 99-4°d 100-0: centers. This type of spread along with the
Organisms (no., all years) 2004 2005 2006 2007 following species distribution: S. aureus (50 strains), coagulase-negative by oxacillin susceptibility or resistance. However, 18 (1.76%) Trimethoprim/sulfamethoxazole <0.5 >2 <0.5->2 65.2 / 34.8 S. aureus (3,318) 0.0 0.1 09 588 999 >099.9 >09.9° 100.0 novel emeraina mobile resistance ( lasmidic Cfl’)
g' f\lugegzgjm) 828 3?;’ ?‘2:’ (1)'22 staphylococci (CoNS; 20 strains), enterococci (10 strains), S. pneumoniae (10 isolates were observed to have linezolid MIC results at >8 pg/ LS 1 2 =012-8 99.970.0 b, 18 girins fom elgh states, inoludes sk spadles, e 9INJ P
Er?teroio’cci 22 659) 0:80 0:6 A 1:83 1'_13 strains), and B-haemolytic streptococci and viridans group streptococci (five ml, e.g. non-susceptible (Tables 2 and 3). These strains were Enterococci (705) c. Eight E faecium strains from seven states, | appears to be most respon3|ble for the modest
Al streptococai® (3941 0.00 0.00 0.00 0.00 strains each). The strains should be dominantly from bacteremias although . . L Linezolid 1 2 0.25->8 98.9 /1.1 b sl el G D (ORI =8 PRIl IO Tas ansl L - :
streptococci® (3,241) - - - - . . N isolated from 13 hospitals in eight states (New York [3], Texas [5], o resistance rates observed in the LEADER Program
All organisms (20,878) 0.14 0.24 0.45 0.44 Isolates from documented pneumonia, cutaneous wound infections and . . Ampicillin <T >16 <1->16 67.0/33.0 , _ , -
T ———— urinary tract infections were acceptable. The forwarded clinical isolates (6,305 New Jersey [4], Arizona [2] and one strain each from Kentucky, Ciprofioxacin 4 4 02554 433/53.6 Table 4. Staphylococcus and Enterococcus species resistant to linezolid (2007). Continued monitoring of the oxazolidinone
total strains) were distributed among the following organism groups: S. aureus Massachusetts, Tennessee and Wisconsin). The most frequent Gentamicin (high-level) <500 >1000 <500->1000 74.8/ 25.2 (MIC, =8 pg/mi). it . d hani :
Two SA isolates (Texas and Ohio) were detected as non-S to LZD; One - : " ' ' ' i - ' To ] inuDristi isti resistance rates and mecnanisms remain a
; (3,318), CoNS (1,020), enterococci (705), S. pneumoniae (622), viridans group linezolid-resistant CoNS SpecCies were. S. epldermldls (10 Quinupristin/dalfopristin >2 >2 <0.25->2 32.2/62.7 Isolate ID L EADER .
isolate was PCR-positive for the rare cfr gene. Inducible clindamycin (CC)-R streptococci (249) and B-haemolytic streptococci (391). strains), S. haemolyticus (two), S. simulans (two), S. xylosis (two), Streptomycin (high level) <1000 >2000 <1000->2000 70.8 /29.2 number Organism State Linezolid MIC Mechanism  PFGE  sample® prudent practice.
was 38.1% among erythromycin-R, CC-S SA strains. In CoNS, 18 isolates S. capitis (one) and S. hominis (one) Teicoplanin <2 >16 <2->16 72.3/25.0 25-6328A  S. epidermidis Texas >8 G2576T Yes
were LZD-R (6 Species; 8 States)_ Only 3 CoNS Isolates were negative All Susceptlblllty tests were performed by d GLP'COmpliant reference ) p ) ] Vancomycin 1 16 0.25->16 70.2 / 29 4 15-5690A S. epidermidis New York >8 G2576T Yes
for the common G2576T mutation, with one (Arizona) PCR_positive for |ab0rat0ry USing Clinical and Laboratory Standards Institute (CLSI, fOI’mel’|y , , , S. pneumoniae (622) 129-1200A  S. epidermidis New Jersey =5 G2576T 1298 Yes
cfr. Eight LZD-R ENT strains were positive for the G2576T mutation and the NCCLS) broth microdilution methods and published interpretive criteria e The te_sted.e.nterococcal spgmes strains (705) were most likely P 1 0100 00,0/ - 426-3147L S. epidermidis Arizona >8 cfr + 426A Yes SELECTED REFERENCES
represented 3 Sllght decrease in R rate Compared to 2006 reSUItS. VRE (CLSi M100_S‘|8, 2008) Linezclid_resistant isolates were Confirmed by tO be |dent|f|ed as E. faeca/IS (436, 61 8%) or E. faeCIum (249, Amoxicillin/clavulanic acid o 8 116 G jig-g;g?t 2 ep/Zerm/Z/.s NArliona >: NG25:.6Tb jig: ies
. . . . . . . . S TE ' - — ] ) - . epigermiais ew Jerse > egative eS
rates increased by 1.4% in 2007, against which LZD and daptomycin were repeated reference broth microdilution testing and with the linezolid Etest (AB 35.3%%). Among these strains, the ampicillin-susceptible rate Ceftriaxone <0.95 ’ <0.25-8 923 /23 e & eg s N Jersez : Negativeb AR Vo 1. Clinical and Laboratory Stanqards Institute. (2906). M7-A7, Methods for dilution antimicrobial
most active. The LZD MIC,, for all organism groups was unchanged from BIODISK, Solna, Sweden) and disk diffusion susceptibility testing. Molecular was only 67.0% and VRE rates varied by census region ranging Ciprofloxacin 1 o <0.03->4 (2.3)° 417-801L  S. epidermidis  Wisconsin -8 G2576T Yes susceptibility tests for bacteria that grow aerobically; approved standard - seventh edition.
: . . - - ! - ! - - : : _ , , o Wayne, PA: CLSI.
2006 except for SA and VGS which increased slightly (two-fold). The LZD (PCR) testing was performed on linezolid-resistant isolates to identify from 24.5% (WN Central) to 41.3% (Mid-Atlantic). The VRE rate Clindamycin <025  >2 <0.25->2 80.5 /191 82-3650A  S. epidermidis ~ New York 8 G2576T 82C No ~ |
MICy, for all organism groups was stable. recognized target site mutations and potential clonality using pulsed field gel for the entire enterococcal sample was 29.8% (28.0% in 2006) Erythromycin <025 52 <0.25-52 65.9 / 33.4 82-7521A  S. epidermidis ~ New York >8 G2576T 82D  Yes 2. Clinical and Laboratory Standards Institute. (2008). M100-578, Performance standards for
electrophoresis (PFGE). automated ribotvpina and various PCR procedures. . _ ey 82-7520A  S. epidermidis New York 58 Go576T 80C1 NG antimicrobial susceptibility testing, 18th informational supplement. Wayne, PA: CLSI.
_ , , p ( ), yping P d the VanA t henot ted 93.0% of th Levofloxacin 1 1 <0.5->4 99.8 /0.0
Conclusion: LZD resistance rates were generally lower in 2007, even Staphvl - th Ve for th GO576T . dnd the vanA resistance pnenotype represented 95.U7 ol the o _ 52-7675A  S. epidermidis  Massachusetts >8 G2576T Yes 3. Draghi DC, Sheehan DJ, Hogan P, Sahm DF (2006). Current antimicrobial resistance profiles
h the addit £10 medical : The df fih R of taphylococci that were negative for the common G2576T or U mutation were VRE isolat High-| | . | q - famici Penicillin <0.03 4 <0.03-8 61.6 / 19.0 | - _ Stapi St _ BN
WITH Ee addition of T medical Centers. The dISCOVEry OF the mUIti=r ¢ir also screened for the phenicol resistance mediating gene, cfr. Furthermore, isolates. High-level aminoglycoside resistance (gentamicin Vancomycin <1 <1 <1 100.0/ - 107-3386A . haemolyticus — Kentucky >8 G276t ves among methicillin-resistant Staphylococcus aureus encouniered in the outpatient setting. Hiagn
determinant in staphylococci has not been previously reported in the S aureus strains found to be resistant to ervthromvein and suscentible to and streptomycin) was only 25.2 to 29.2%. . | 432-1923L S. haemolyticus ~ Tennessee >8 G2576T Yes Microbiol Infect Dis 55: 129-133.
USA and proves the effectiveness of LEADER in detecting novel R. It is I.' 9 . 4 by the CLSI D Y dy - ducibl P o . Viridans group streptococci (249) 409-659L  S. simulans Texas >8 G2576T  409C  Yes 4. Hong T, Li X, Wang J, Sloan C, Cicogna C (2007). Sequential linezolid-resistant Staphylococcus
therefore critical to monitor for emerging LZD-R in the context of this new clindamycin were screened by the -test 1o detect inducible clindamycin o i id and daot . th t act ; Hrezelie 1 1 Sz LU0 - 409-660L  S. simulans Texas >8 G2576T  409C  Yes epidermidis isolates with G2576T mutation. J Clin Microbiol 45: 3277-3280.
mobile genetic threat ! resistance per M100-S18 recommended methods. INEZOIIA and daptomycin were the most active agents Ceftriaxone <025 1 <0.25-8 93.2/3.2 407-2847L  S. hominis N Jarsay .8 Go576T Ves 5. Howden BP. Gharles PG, Johnson PD, Ward PB, Grayson ML (2008). Improved outcomes with
. 1 i i thili 0) : : - ] ’ ’ ’ ’ '
tested against enterO.COCCI with susceptibility rates at 9_8'9 /0 Ciprofloxacin 1 4 0.12->4 (14.1)° 409-664L S. capitis Texas >8 G2576T 409C Yes linezolid for methicillin-resistant Staphylococcus aureus infections: Better drug or reduced
RESULTS and 100.0%, respectively (Tables 2 and 3). A total of eight Clindamycin <025 05 <0.25->2 88.4/9.6 409-663L S. xylosus Texas >8 G2576T 409D Yes vancomycin susceptibility? Antimicrob Agents Chemother 49: 4816: author reply 4816-4817
enterococci (all E. faecium) had a linezolid MIC at =8 pg/ml Erythromycin 1 >2 <0.25->2 43.4/55.8 Ajgj:iﬁ_ i');y lcr)esus? Nj_vev :cs)rk >: 2;:;? i: 6. Jones RN, Fritsche TR, Sader HS, Ross JE (2007). LEADER surveillance program results for
. i i Levofloxacin 1 2 <0.5->4 94.8/4.0 ] - aured X g 2006: An activity and spect lysis of linezolid using clinical isolates from the United Stat
INTRODUCTION e Atotal of 3,318 S. aureus strains were tested by the reference (Table 4). These strains were found in Kansas (2), Kentucky (1), Sanicilin? 005 - 001530 " 4-737X S. aureus Ohio 8 cfr + Yes 50 med?caaf ;\gn'\{e?; ;ij‘jfﬂ‘jj;,if}oy,iff;’d'g?j Zg ;3;”_%1"7'”'“ SRRSO G RS SIS
- TR : - Maryland (1), Tennessee (1), Texas (1), Utah (1) and Virginia (1). | | - o 30-142A E. faeci Virgini 8 G2576T 30F1 N | | |
four years in the United States (USA). Linezolid, the first oxazolidinone class samples varying from 263 (WS Central) to 469 (EN Central) EE L FeeTEe @ e e e e el el . curene e el s B-haemolytic streptococci (391) 30-1896X £ faecium Virafiniz -8 Go576T 30F NG Spectrum Program results for 2006: An activity and spectrum analysis of linezolid using clinical
: : . : isol ' MRSA d ined vi ' : y g y Lj lid 1 1 0.25-2 100.0/ - ' : o isolates from 16 countries. Diagn Microbiol Infect Dis 59: 199-209.
agent to be licensed for use in clinical practice, has been used to treat Gram- Isolates per region. rates were determined via a census region. fezel - - 30-6832A  E. faecium Virginia 8 G2576T 30F No b | |
positive pathogens in complicated skin and soft tissue infections (cSSTI) prevalence mode of testing, overall rate at 58.2%. Participant Region (%2007/2006) Ceftriaxone <025 <025  <0.25-0.5 100.0/- 30-901C  E. faecium Virginia ~8 Negative®  30F1 No 8. Kehrenbehrlg C, Sc;hw_arzls (29?6).t2|ftn/t7>ultlon of floirfelrlf[:ol r:su;tapce s;nes Iexé\hand Z:r .
and nosocomial pneumonias, after its USA-Food and Drug Administration sites complied with the request and the MRSA rate varied from = Ciprofloxacin 0.5 1 <0.03->4 (0.8) 30-8040A  E. faecium Virginia 8 G2576T 30F1 Yes among chioramphenicol-resistant Staphylococcus 1SOIAes. ANtMICrob Agents LRemaother St
1, Pacific (20.5/21.5 . . - 1156-1163.
(FDA) approval in early 2000. Linezolid has emerged as a viable treatment 52 6% (Mountain) to 671% (ES Central) , Mounta(in 9 2/33) . Clindamycin <0.25 >2 <0.25->2 88.2/11.3 425-394L E. faeCI.um Kansas >8 G2576T 425A Yes | | | |
- - - " - - ' ' ' ' s Erythromycin <0.2 >2 <0.25->2 721 /274 - . faecium ansas > es : , , - 1521-
) ythromyc <0.25 <0.25 / 425-381L E. f. K 8 G2576T 425A Y 9. Kehrenberg C, Aarestrup FM, Schwarz S (2007). IS21-558 insertion sequences are involved in
alternative for infections caused by Gram-positive organisms that are resistant | . o - _
| e _ 3. West North Central (39.0/39.7) L evofloxacin <05 ’ <0.5->4 99.2 /0.5 401-559 E. faecium Maryland 8 G2576T Yes the mobility of the multiresistance gene cfr. Antimicrob Agents Chemother 51: 483-487.
to conventional drugs, such as meth|C|II|n-reS|sta.nt Staphylococcus aureus_ e The CLSI D-test detected an overall resistance induction rate of 4. West South Central (16.9/25.5) Penicillin® <(_).C;1 5 0.06 <0_.Oi 5-012 10.0_0 /._ 51-1562A E. faecium Utah 8 G2576T Yes 10. Long KS, Poehlsgaard J, Kehrenberg C, Schwarz S, Vester B (2006). The Cfr rRNA
(MRSA), drug-resistant Streptococcus pneumoniae (DRSP) and vancomycin- 38.1% th n-resistant. clind - bl 5. East North Central (37.8/44.6) . B . ) 24-5739A  E. faecium Texas >8 G2576T Yes methyltransferase confers resistance to phenicols, lincosamides, oxazolidinones, pleuromutilins,
. : _ : : 170 among erytnromycin-resistant, ciindamycin-susceplibie 6 East South C | (39 3/33 1 Vancomycin 0.5 0.5 0.25-1 100.0 /
resistant enterococci (VRE). Therefore, it is prudent and required via (ERCS) phenotypic S. aureus; 39.4% in 2006. The distribution of - ast South Central (39.3/33.1) Ortoria 25 ublShod by e OLS1 Bctam suacentiiy Should be drecied by the oxaclin oot reauto wi 107-4184X  E. faecium Kentucky >8 G2576T Yes and streptogramin A antibiotics. Antimicrob Agents Chemother 50: 2500-2505.
. . . . - . , . . _ _ _ : iteri ubli y , B- u ibility u | y xacilli ults wi .
reQUIatory agencies to monitor the pOtenCy and pOSSIbIe emerging resistances y : : : ! N?W Engla.nd 61.7/65.2) staphylococci. Enterococcal susceptibility was predicted by ampicillin results and penicillin was the agent used for 436-1710L E. faecium Tennessee >8 G2576T Yes 11. Mendes RE, Deshpande LM, Castanheira M, Dipersio J, Saubolle M, Jones RN (2008). First
to linezolid as the use of this agent increases, both in volume and geographic rates by Census region and year varied widely between 17 and :' g"'d;ﬁ“;?“"t_@éz/ 222)4  streplococcal actuty for seleted Blactams. o 2. Yes - used in surveilance report and No = follow up studies of local clniy report of cfr-mediated resistance to linezolid in human staphylococcal clinical isolates recovered
dlstrlbutlon 62% (Table 1). - ou antic ( - . ) . ercentages In parentneses are tne strains naving a Ciprorioxacin at =24 Jg/mi, possipie mutations. . ecnanism Or1 resistance remains unknown. in the Un|ted States_ Antimicrob Agents Chemother 52 (|n preSS)_




