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» The distribution of sampled Gram-positive organisms and location/type of

Table 3. Comparative activity of linezolid tested against 7,972 Gram-positive cocci from 33

ABSTRACT

METHODS

resistance are presented in Table 2.

nations in the ZAAPS Program (2012).

CONCLUSIONS

i ) ) .. i . — i i i i > o) i _tested)/ MIC (ug/ml) % by category” (Susceptible/Resistant) ) : ) ) . .
Background: To report the most recent full-year of linezolid (LZD) resistance Atotal of 7,972 Gram-positive strains were collected from 73 medical centers on Therfe werg ? S'. aL::elus stralfns Wléh Ilnezol:? IIVHC y dalues fa t 8|_}IJ g/mL, a;ﬁi?é?;“bf;‘."agiif : C0% 90% Range CLSI [2013] EUCAST [2013] * Linezolid continues to be highly active against contemporary (2012)
surveillance (ZAAPS Program) monitoring 73 medical centers for 2012, a total of five continents (33 countries, Table 1). Each site submitted 250-500 isolates to Er(‘)i ro_lf?]esae ?Frl]rlg’e i goﬁé?ensererorrgseﬁ:]eodvi’o f:)/y’ (inall(g]eaur:)erﬂs ong TS Gram-positive pathogens from indicated organism groups including S.
7,972 Gram-positive (GP) organisms were consecutively collected (prevalence reach a targeted 200 Gram-positive organisms per country except for China (600) g 9 P . . . Al strains (4,077) aureus (MICgy, 2 ug/ml), CoNS (MICg,, 1 pg/ml), various enterococcal
design) in 33 countries. Results represent the eleventh yearly sample for this . . , collected. In addition, there was one MSSA (linezolid susceptible, MIC Linezolid 1 2 <0.12-8 99.9/0.1 99.9/0.1 species (MIC,,, 2 ug/ml) and three groups of streptococci (MIC,, 1
central laboratory-based study and Japan (400). JMI Laboratories (North Liberty, lowa, USA) or Women's and = 4 pg/ml) containing a cfr and an L4 mutation from Sao Paulo, Brazil Ceftriaxone - = it LT 0781322 P o0 = B9 \Tee grodp P 0
' Children’s Hospital (Adelaide, Australia; Australia and New Zealand isolates only) (Table 2) ’ g'r;'/‘tf]";‘;“n{;gn P e <50°'122§->>126 22-2; 1 22:8; 196 ug/ml). These results are consistent with all previous ZAAPS studies.
Methods: All susceptibility (S) tests were performed applying reference CLSI broth performed confirmatory organism identification tests and reference broth Gentamicin <1 >8 <1->8 83.9/15.2 83.3/16.7 . Overall, 99.79% (17 non-susceptible) or 99.77% (if one includes the
. oL . . . ) _ T 7 _ o _ . . . . ; <0.12- _ _ 70.3/29.2 J : )
microdilution methods, using validated panels. The number of strains tested were: microdilution susceptibility testing by Clinical and Laboratory Standards Institute — There were 0.9% (8) linezolid-resistant CoNS strains, a decrease from e s . e e 67.8/32.2 cfr-containing S. aureus with MIC value at 4 pg/ml) of isolates were
S. aureus (SA, 4,077, 32.2% MRSA), coagulase-negative staphylococcal species _ . : 1.2% (11) in 2011. Six S. epidermidi S h IVti d S . ' -0 Py 0/ 14 : . o
CLSI thods (M0O7-A9, 2012; M100-S23, 2013). S tibility test 2% (11) in . OIX S. epidermidis, one S. haemolyticus, and one S. Tetracycline <0.25 >8 <0.25->8 85.5/13.7 85.0/14.7
. [ : . : (CLSI) methods ( : : : ). Susceptibility testing was y susceptible to linezolid in the 2012 ZAAPS Program
(CoNS; 905, 76.5% methicillin-resistant [R]), Enterococcus spp. (ENT; 797 with 434 _ _ _ T _ _ _ ” - - S ” - TMP/SMX® <05 <05 <0.5->4 979/2.1 97.9/1.7 -
. . . i f d lidated dil s with _adiusted Mueller- cohnii had linezolid MIC values at 28 ug/ml. A S. cohnii from Mexico IRISH
E. faecalis [EF] and 363 E. faecium [EFM]), S. pneumoniae (SPN; 1,210), viridans performed using validated microdilution panels with cation-adjusted Muefler dasS. epidermidis from ltalv both found t tain of Teicoplanin <2 <2 <2-16 >99.9/<0.1 99.0/1.0 . As rates of multid stant MRSA and ent  continue to b
ar. (VGS, 400) and B-hemolytic streptococci (BHS: 583). Strains with LZD MIC at Hinton broth (2-5% lysed horse blood added for testing streptococci). and a . epiaermiais from ltaly botn were tound o contain cir. VaSncczm)écig) 1 1 <0.12-2 100.0/0.0 100.0/0.0 |S rate?j(') mu It rUg'rte§|S elm i 5}” fn er(:CO_CU con mute g e
’ ’ . MRSA (1,31 elevated In moSt countries, lnezolia-retractory strains appear to oe
24 pg/ml were tested by molecular methods (PCR/gene sequencing, PFGE) to — Six linezolid-non-susceptible (24 ug/ml) enterococci were documented Linezolid 1 2 0.25-8 99.8/0.2 99.8/0.2 - o
determine LZD resistance (R) mechanisms (23S target, L3, L4 mutations and cfr). Isolates with elevated MIC values to linezolid (MIC, 24 ug/ml) upon initial testing in five countries with no evidence of clonal spread. The vancomycin- MSSA (2,765) unusual and without escalating occurrence.
i S - were confirmed by repeat dry- and frozen-form broth microdilution testing, Etest ist rate among enter i was 17.7% (19.1% includin s negat G0y i o 100100 00100 « Linezolid-resistance mechanisms continue to be diverse, five different
Results: LZD potency for indicated species in the ZAAPS Program remained e : resistance rate among enterococci was 17.7% (19.1% including Coagulase-negative staphylococci (905) '
stable (overall LZD R at 0.16% since 2008). Nearly all (97.8%) MIC values for LZD and disk diftusion methods (CLSI M02-A10, 2012). Molecular testing was intermediate category). unezold - 2 0258 D109 LRI resistance mechanisms were found in the 2012 surveillance (L4
among all monitored species were 0.5, 1 or 2 pg/ml. LZD-non-S isolates were performed to identify the target site mutation (23S rRNA, L3 and/or L4 proteins) Clindamycin <0.25 >2 <0.25->2 73.2/25.7 71.0/26.8 mutation [7], L3 mutation [6], G2576T [6], cfr [4], and C2319T [1)),
ii ' or gene (cfr)-based mechanism as well as possible epidemic clonality using _ D _ _ _ N Erythromycin >16 >16 <0.12->16 37.4/61.7 37.7/62.1 - : -
deyecteo! among i), Celds (@ o el 1 S..haemolytlcus, Al s | fiel l el h : d/ , h based Table 1. Cumulative % inhibited at each linezolid MIC when testing six different Gentamicin <1 >8 <1->8 56.1/36.5 50.8/49.2 consistent with p_rewous yearg. Although there_ have been concerns
epidermidis) and ENT (4 EF, 1 EFM and 1 E. avium), see Table. LZD R pulsed field gel electrophoresis (PFGE) and/or various other PCR-based tests. P .. : N Levofloxacin 1 -4 <0.12-54 513/46.7 513/46.7 about the potential for the rapid spread of cfr, in the ZAAPS Program
: : : : . groups of Gram-positive cocci isolated on four continents (ZAAPS, 2012)a. 0 _ _
mechanisms included cfr (3 strains), L4 mutation (6), L3 mutation (4), G2576T (6) Oxacillina >2 >2 <0.25->2 23.5/76.5 23.5/76.5 cfr continues to occur but remains uncommon.
and C2319T (1). Nine countries had LZD-R or —intermediate (I) strains with LZD For 2012, all results were interpreted to susceptibility category by both CLSI Cum. % inhibited at linezolid MIC (ug/ml) msgyl\%e <0655 Zj S<06255;>48 2;‘2; ;j-g 222; ;gg
MIC value_s at 4-32 ug/ml. Othe_:r agents with .>90% S rates versus SA were: (M100-S23, 2013) and EUCAST (2013) criteria/breakpoints, where available. Organism group (no. tested) <0.12 0.25 0.5 1 2 4 >8 Teicoplanin < 8 <2516 94.5/0.7 80.2/19.8
daptomycin (99.9%), telocoplamn (>99.9%), trimethoprim/sulfamethoxazole (97.9%) Tigecycline breakpoints were those found in the USA-FDA approved product B-hemolytic streptococci (583) 0.0 0.0 22.3 99.8 100.0 Em\é?(r;gg(r:r;iycm 1 2 0.25-4 100.0/0.0 100.0/0.0
and vancomycin (100.0%). package insert. Viridans group streptococci (400) 0.5 5.5 475 98.3 100.0 All strains (797)¢ A C K N OWL E D G E M E N T
. . : : : . T ; 99.7/0.3
Conclusion: Overall, LZD remained active against 99.79%, with only 17 LZD non- S. pneumoniae (1,210) 0.2 2.9 382 97.2 10010 ;Ir?;zi;“?n : 2 Py 20 011390
S strains from the six GP pathogen groups tested for the 2012 worldwide ZAAPS S. aureus (4,077) 0.0 0.5 116 815 99.90 99.9 100.0 Erythromycin >16 >16 <0.12->16 6.9/69.6 NE - ST - SRR
: : : Th hors would lik hank all participating centers worldwide for contributing isolates
Program and showed no escalation of R or MIC creep. R ES U LTS Enterococci (797) 0.0 0.6 17.2 88.3 99.2 99.7 100.0 Levofloxacin >4 >4 0.25->4 43.8/54.1 /- to ﬁ@“;ufvzi";n“cg rﬁtfcﬁ,laThif Stﬂzts\,gits gonsored bv Pfizer Inc )
- Piperacillin/tazobactam 16 >64 1->64 61.0/ - 61.0/- P ' y P y '
Table. LZD non-susceptible strains in the 2012 ZAAPS surveillance program . _ o _ CONS (905) 0.0 8.1 31 98.1 991 991 100.0 Teicoplanin <2 >16 <2->16 84.7/14.1 84.2/15.8
Organism (number) Country (LZD MIC; pg/ml) P —— » The activity of linezolid in the 2012 ZAAPS Program sampling of 73 All Organisms (7,972) 0.1 19 25.8 88.6 99.8 99.8 100.0 V\ngn(cgg)ycm 1 = Lzl Ui 80.9/19.1
A Iltaly (8) G2576T medica| centers (7’972 Gram-positive Strains) iS presented in Table 1. a. Organism groups were ranked in decreasing order of susceptibility to the oxazolidinone. Ll 1 2 0.5-8 99.3/0.7 99.3/0.7 R E F E R E N C ES
S. aureus (3) Italy (8), Hong Kong (8) None detected “ . " ] ) VSE (645)
'E\s/leXi'(I:(z (;)B)l’sltal}: E>Z; ltaly (>8) é??ﬁ?ﬂon, s maeten Theal organism MICSO and MICQO were 1and 2 ug/mL, reSpeCtWe'Y Wit Hnezolid ! ? 0258 992102 — 1. Biedenbach DJ, F Il DJ, Mendes RE, R JE, J RN (2010). Stability of li lid
razil (>8), Brazil (>8), Italy (> ) : : R _ _ _ - . Biedenbac , Farre , Mendes RE, Ross JE, Jones . Stability of linezoli
only 17 (0.21%) non-susceptible isolates. S. pneumoniae
taly (>8) cfr, L3 mutation, L4 mutation _ _ o of oxazolidinone resistance. Linezolid 1 <0.12-2 100.0/- 100.0/0.0 Zyvox(R) Annual Appraisal of Potency and Spectrum program. Diagn Microbiol Infect Dis
l“)"‘jx'cg ((:)8>| p—s ‘L:;f — « S. aureus linezolid MIC values were distributed across a very narrow Amoxacillin/clavulanic acid <1 4 <1->8 87-5;9-8 - //-2 . 68: 459-467.
oland (4), Irelan mutation . . inezolid Ceftriaxone <0.06 2 <0.06->8 87.5/2.5 Aol 2 - - .
Enterococci (6) Poland (8), Germany (8) G2576T range (999% of linezolid MIC values were at 0.25-2 ug/ml) The global , . Hnezolid MIC . . Ciporofloxacin 1 2 0.06->4 (5.8)e 0.2/5.8 2. CI"_“C_aI a”q Laborato_ry_ _Standards InStItUt? (2012). MO7-A9. _MethOdS for dilution
Organism Country (ng/ml) _ Resistance mechanism P ntimicrobial tibility tests for bacteria that grow aerobically; approved standard:
chine (4, Taman () Hone detected methicillin-resistant S. aureus (MRSA) rate was 32.2%. When the MRSA Clindamycin =25 >2 <0.25->2 75.7/23.9 225 AnUMICIA AL SESCEPHDITY 18%'> 107 Dacteria tdl Grol actobIcaly, app '
a. There was a SA strain from Brazil with a LZD MIC of 4 pg/ml (susceptible) with cfr. ) ) ) S. aureus Italy 8 L3 (Q136H and H146A), L4 (G69A, T70P, G71S) Erythromycin <0.12 >16 <0.12->16 63.1/ 36.6 63.1/36.6 ninth edition. Wayner PA: CLSI.
MIC distribution for linezolid was compared to the methicillin-susceptible S aureus Italy 8 G2576T Levofloxacin 1 1 <0.12->4 98.3/1.3 98.3/1.7 3. Clinical and Laboratory Standards Institute (2013). M100-S23. Performance standards for
: Penicillinf <0.06 4 <0.06-8 63.7 (89.7)/ 19.6 (1.9) 63.7/10.3 antimicrobial susceptibility testing: 23rd informational supplement. Wayne, PA: CLSI.
S. aureus (MSSA,) strains (Table 1), the MICsgqq, results for both were 1/2 S aureus rlong Kong ° one detected leliceyelliie 0.5 >8 S BIEZIRS TS 66.8/32.8 4. European Committee on Antimicrobial Susceptibility Testing (2013). Breakpoint tables for
ng/ml, respectively with a mode at 1 pg/ml. S. aureus Brazil 4° Cfr, L4 (V142) \T/';AnFfo;?n 302'2 g g 50@'_;45 656%/ 02/6;1 18'0% /28:3 interpretation of MICs and zone diameters. Version 3.0, January 2013. Available at:
I N T R O D U CT I O N S. cohni Mexico >8 Cfr, L4 (V155I, A133T), L3 (D159Y) Viridans group streptococci (400)8 ' o ' http://www.eucast.org/clinical_breakpoints/. Accessed January 1, 2013.
+ Modal nezolid MIC values varied fiom 05 g (CoNS) (0 Lugiml (@l | s s o o G mmmen | o T ramio) e i o sader o Sonesr ot 2aaes
Ik;mequld contl.nueT to be 'the cl)nly olxazolldlnong agent ;pprovgd fortcll?lcal use other monitored species; Tables 1 and 3), results consistent with all prior S. epidermidis Italy >8 C2319T, L4 (71G72 ins), L3 (V154L, H146Q) cnm:]amycin ngg >126 500_1225_>126 232 ; 13'2 85_7; 143 isolates from 75 medical centers in 24 countries. J Chemother 24: 328-337.
various national or regional regulatory agencies, and is an importan : : : . epidermidi i Erythromycin <0. > <0.12-> .8/ 40. -/ - i - ivi
y ; [egio 9 y ag nimponant - ZAAPS surveillance years (2002-2011). Linezolid MIC values were I aly 6 LA(7G72Ins), L3 (VISAL, HIA6Q, ALSTR) e 1 2 <0.12-54 95.7/3.3 1- 6. Flamm RK, Mendes RE, Ross JE, Sader HS, Jones RN (2013). An international activity
therapeutic agent for infections caused by commonly occurring antimicrobial- S. epidermidis Italy >8 G2576T Penicillinf <006 1 <0.06->4 770/3.8 84.0/3.8 and spectrum analysis of linezolid: ZAAPS program results for 2011. Diagn Microbiol
resistant Gram-positive pathogens. Oxazolidinone resistance has been detected, generally lower by two-fold for CONS when compared to S. aureus. S, epidermidis taly 8 ot L3 (FL470) Tetracycline 05 -8 <0.25->8 61.9/36.6 e Infect Dis 76: 206-213.

' i } i : ' ' V i 0.5 1 <0.12-1 100.0/ - 100.0/0.0 7. Jones RN, Farrell DJ, Sader HS (2011). Comparative activity of linezolid against
mainly among Enterococcus species and the coagulase-negative staphylococcl : : ' 0 S. epidermidis Brazil >8 G2576T B-heincflgtrincygtlreptococci (583)" respiratory tract infection isolates(of St?i h Iogoccus aureus)'/An 11-year reg ort from the
(CoNS; Staphylococcus epidermidis and some other species), but remains  All' S. aureus isolates were susceptible to vancomycin and 99.9% to i 100.0/ 0.0 piratory tract Infec : phy Ireus: year rep

o 10 ! ) _ _ _ _ _ _ S. epidermidis Mexico >8 Cfr, L3 (D159Y) Linezolid - 1 1 0.5-1 100.0/- 00,0700 SENTRY Antimicrobial Surveillance Program. Int J Antimicrob Agents 37: 584-585.
:relatlfvely rare <1 /i.cyTheTohccurrenc_:e rates for S. aureushand Etreptococc.l arc(a]I e\{ehn teicoplanin (Table 2). Er_ythromycm and clindamycin resistance were at . ol y L4 P1715) /érer}?r?;l;g::r;/clavulamc acid Ssg n 0%;2 o sg_o_s 106{ e S L 8. Jones RN, Fritsche TR, Sader HS, Ross JE (2007). Zyvox® Annual Appraisal of Potency
ess re.Ciugn@ (;? t 35 . fﬁg Srepsrlglts:;::dotc;]ceurgggc?i ea|\o/§s ?Snbastsomate wit 35.6 and 19.4%, respectively and for MRSA were 73.7 and 48.6%, £ faecalis Poland o o576 Clindamycin <0.25 <0.25 <0.25.57 919/8.1 91.9/8.1 and Sple_c_trulm PTotgra;n resfclsts for %(?06: S‘n act;\\/ln_ty atrjl_dlslpfct;ulgrj aggl;g; c;folgnezohd
recognized risk fac u utic ex ure, bu Ervth - <0.12 4 <0.12->16 82.3/16.7 82.3/16.7 using clinical isolates from 16 countries. Diagn Microbiol Infect Dis 59: -2009.
oxazolidinone-resistant strains have emerged in patients without prior linezolid (Table 2). E. faecalis Ireland “ L4 (F101L) L(ra)\//tofrlg>r<r:';1{:(i::1n 0.5 1 0.25->4 96.6/3.4 93.7/3.4 9. Jones RN, Kohno S, Ono Y, Ross JE, Yanagihara K (2009). ZAAPS International

: : N . : - - icillinf <0. <0. <0.06-0. 0/- 100.0/0.0 i i i i - _positi
exposure, each attributable to clonal dissemination from other patients in the _ _ o _ _ _ _ E. faecalis China 4 None detected ?ggﬂ;glme <8.26 <2§6 <20(.3§5(_3>132 5?;/% p St 450 Sgryelllgnce Program (2007) for I!nezollq resistance: Re.sults.from 5591 Gram-positive
same hospital environment. Also, new mechanisms of resistance (cfr, L3 and/or * Linezolid MIC distributions for enterococci were consistent with previous E. faecalis Taiwan 2 None detected Vancomycin 0.25 0.5 <0.12-1 100.0/ - 100.0/0.0 10 ‘I\:/'l'”"ija' 'SS'E"’“%S '”h23 Cg”rl'_tr'ssap'agn '\I/\'I'C”.’b'O'I'E”fFeeCt Dﬁ'EG‘S' 191'?3\}“ C Otero R
L4 protein a|teration) have emeraed in CoNS. some of animal oriain: but in the ZAAPS surveillance with M|C5O/90 of 1/2 ug/ml E. faecium Germany 8 G2576T a. Criteria as published by the CLSI [2013], beta-lactam susceptibility should be directed by the oxacillin test results for staphylococci and by ampicillin or penicillin - Viendes - eshpande L., RO rlguez-_ erega ' O.SS . one_s L Oi.‘ n- _ero
P g , gin, for Enterococeus or strentacac. (2010). First report of staphylococcal clinical isolates in Mexico with linezolid resistance
. . p
more recent ZAAPS and LEADER surveillance reportS, the mobile cfr gene has a. Percen;age of non-suscept}ble isolates by ccl)ur}try (number oflisoollat;es); Italy 6/352, 1.7%; T/aiwan 1/68,(;.]5%;1|7\L_c’)I2r:13nd022/1/81’\,I 1.1%; HongbI b. ;I'MIP/dSszzc';rimethopEiBn;/g,ulfamet)hoxgzoI% o | . . | caused by cfr: evidence of in vivo cfr mobilization. J Clin Microbiol 48: 3041-3043.
. . . . . . e . . K 1/93, 1.1%; Mexico 2/206, 1.0%; Brazil 3/435, 0.7%; | 1/212, 0.5%; G 1/359, 0.3%; Chi , 0.2%. - ti c. Includes: 20 species strains) and unidentified coagulase-negative sta ococci (7 strains). . .
been observed in S. aureus and CoNS human infections on several continents. * Linezolid aCt|V|ty remained hlghly pOtent (M|C5O and MICgO, 1 ug/ml) for all iscc))?aﬁeswere notfojr)l(lic?n the following cz)alljzr:tries (number o;eisaglates): Canada (1g£r)r)r,lir:éentina(203), ChIiT:(ZZZ), Belgium ?fgzl)],séigéhe d. Inclﬂdes: EnteFr)ococcusfaecaIis (434 strains), E. faeciu?n (333 strgains), an<§)3¥) other enterococci. 11. Morales G, Picazo JJ, Baos E, Candel FJ, Arribi A, Pelaez B, Andrade R, de la Torre MA,
. . ) . . . Republic (121), France (3_30), Greece (203),_Hungary (89), Israel (_54), Portugal (187), Russia (263), Slovenia} (107), Spain (300), Sweden e. Percentage of pneqnjqcocci or ot.her streptogc.)c.ci with cipr.oflc.)xacin MICs gt 24 p.g/ml, indicating possible QRDR mutations. Fereres J’ Sanchez-Garcia M (2010)_ Resistance to linezolid is mediated by the cfr gene
In this study, we report the results from the 2012 linezolid resistance surveillance monitored streptococcl groups (B-hemolytic, viridans group and Cnooore (Or) T (soy. ) nted Kinadom (426), Australia (313), Japan (389), Korea (240), Malaysia (100), Rew zesland (256). 6. Inchidos: 17 pocint (355 Stane) SroplaeocEL bovin aoup (8 ctainey. Umdontifiod icane aroup sireptococci (4 srains). in the first report of an outbreak of linezolid-resistant Staphylococcus aureus. Clin Infect
for ex-USA nations pneumOCOCCI)_ b. Isolate considered susceptible by CLSI breakpoint (=28 ug/ml) but contains cfr gene. h. Includes: Group A (292 strains), Group B (169 strains), Group C (25 strains), Group F (2 strains), Group G (67 strains), and two other species (28 strains). Dis 50: 821-825.
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