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CONCLUSIONS

Background: Oxazolidinones have become reliable agents to be utilized for multi-resistant (R) Gram- * The distribution of the processed Gram-positive pathogens was: S. aureus (2,630 Table2:  Comparisons of linezolid and other antimicrobials tested as part of the ZAAPS surveillance ¢ Although oxazolidinone resistance detected during the ZAAPS Program was only
iti i i i i i i i i ] i rotocol in all nations (2003) against Gram-positive pathogens (8,089 strains). . . i i
EZ::I\C/;Z ggﬂcgé éGfEf:i’e ifaelcclaalllé \;EEC?:: &izft\ﬁ;mz\ﬁserm:;ag:earg rl; t::CreI::rc;ﬁt\sl r:]aorgit) rhzjsr strains) > enterococci (2,038 strains) > S. pneumoniae (1,701 strains) > CoNS P S aE P SEUTREETS ) found in the USA, a separately referred S. aureus isolate from Athens, Greece was . Results from the 2003 ZAAPS Program demonstrate that linezolid
o : ' 1,101 strains) > other streptococci (619 strains; Table 1). The largest national MIC (ug/mi) % by category(2002 %)" : : : ' ivity in vi ' '
evolving linezolid (LZD)-R. a0, ) >rep ( o ) Jost e Organismino. tested)/ _ . observed to have a linezolid MIC of > 16 pg/ml. A G2576U ribosomal target retains near complete activity in vitro against contemparary isolates
Methods: A survey of LZD and comparison GPC-focused agents (13 - 15) was initiated in 2002 (7,971 sample was 4,433 strains from the USA (54.8%) followed by 1,352 strains from animicrobial aget 50% 90% Range Susceptible _Resistant Alteration was identified of staphylococci, enterococci and streptococci, including S.
strains) and continued in 2003 (8,089; 99.8% compliance by sites). Sites in the USA, Canada, Europe Europe. A esoid 5 5 0.12-4 100.0599.9) ' - - - -
. SO ; . ! ’ 12 0(>99. - neumoniae from the four monitored continents (15 countries).
(EU; 7 nations), South America (3) and the Asia-Pacific (3) forwarded 200 GPC strains for central érr}?xlcﬂlln/gllavulanateb 542 >; g 525->13 g gg-g ﬂ-g P onia © ou onitored co ( ou )
reference MIC processing and confirmation of organism identity. LZD-R (MIC, > 8 pg/ml) was e The MRSA rat ied ti in th itored - North A . Cﬁ.;ﬁ:?ﬁg‘ﬁemcm 8 >8 5'2_';16 931 55 _ _ _ _ . _ .
established by alternative susceptibility testing methods and target characterization. Concurrent ¢ rates varied among nations in the monitored areas. INor merica, Ciprofloxacin 0.5 >2 0.06->2 55.5 43.5 * The most common patient demographics associated with linezolid-resistant ° R li lid-resistant strai fE f i d E. faeci
, 0 0 _ : 0 . 0 SR Clindamycin 0.12 >8 <0.06->8 64.8 34.9 are linezolia-resistant strains ot L. raecalls and t. raéecium were
drug-use demographics were collected. 7.1% (Canada) to 45.0% (USA); South America, 26.0% (Brazil) to 38.2% (Mexico); Erythromycin ~8 ~8 <0.06->8 45.4 53.8 enterococci were: female sex, average age at 53.3 years (range, 40 - 66 years) . e . . : :
. Y - i mai - - - 0 0 . - 0 0 - Gentamicin <2 >8 <2->8 85.4 13.6 : ’ ge ag oY ge, y identified, recovered only in the USA,; all resistant strains contained
Results: LZD activity against the six major organism groups did not vary between years or geographic Europe, 0.0% (Sweden) to 56.2% (UK); and Asia, 56.0% (Korea) to 78.7% (Taiwan). Imipenem?® <05 >8 <0.5->8 58.5 415 d hospitalization i tern USA uni " dical ter. S Ebility ¢
) icilli i % i . i i -219 - . Oxacillin® 1 8 <0.25->8 58.5 41.5 n italization in an rn niversity meai nter. 10111 i i
areas. In contrast, peniciliin R increased 2% in SPN; macrolide R was stable in BHS (19 - 219%), but The MRSA rates within the USA varied between census zones (33.1 to 70.0%). Piperacillin/Tazobactar® 2 64 =0.5064 585 418 and hospitalization in an easte university medical center. susceptiiiity to a G2576U ribosomal target mutation.
increased in SPN (+ 2%); MRSA rates increased 4% and MR-CoNS 3%; and VRE was present at , . o ) Quinupristin/Dalfopristin 0.5 0.5 <0.25-2 99.9 0.0 1 to 6 alternative agents was observed (Table 3) _ 0.07 % ist I
39.6% in the 2003 sample. Non-clonal LZD-R strains were detected (4/7) in 2002/2003, each having The rates by zone (60 - 232 strams/zone) were: 1. Pacific (41 .8 A)), 2. Mountain _I?gggwpﬁg\nin 5(1.225 5(1.225 §0<§51§2 ggg gg g . . o resistance overa
a G2576U ribosomal target mutation. Also in 2003 the first LZD-R, non-USA strain (SA) was isolated (42.0%), 3. West north central (33.1%; lowest), 4. West south central (49.7%), 5. Tetracycline <4 >8 <4->8 87.4 12.1 - 0.14% resistance in USA strains
in Greece, unrelated to LZD use (48 yom on dialysis) East north central (45.7%), 6. East south central (49.4%), 7. New England (70.0% Vancomman” - Htamethoxazole =° =° 0124 1060 5.0 0.45% resist USA ent i
> , >)- o ast north centra .7%), 6. East south centra 4%), 7. New Englan .0%:; ancomycin <0.12- . : o - - - _ - _ resistance amon enterococci
Conclusions: LZD via ZAAPS Program results retained near 100% activity versus contemporary highest), 8. Mid-atlantic (50.3%), and 9. South atlantic (40.5%) 9 CoNS (1.101) 1 1 v 00099 * Whereas sporadic linezolid resistance was previously reported among non oNESISIA Ahrleing 0Co
: : : : . " : . - . , . . . nezo 12- : : - : : : ..
GPC isolates on 4 monitored continents and in centers Ut|||Z|ng oxazolidinones. Rare LZD-R strains g ’ 0 o é\lmozxiclillin/glavulanateb <2 16 <2->16 15?2 ) 80.8 enterococcal Isolates Of S. aureus, Coagulase_negatlve StaphyIOCOCCI and Vlrldans
were identified, usually ENT, in Greece and USA. Poor correlations of LZD-R to drug use continues eftriaxone b a2 = 19:2 80.8 o Publish ' ' ' ' ' ' ilizati
— , US : : _ WL - et A, g - o b o . : : ublished studies correlating linezolid resistance with drug utilization
and indicates the important role of hospital hygiene practice in dissemination. e Linezolid retains potent activity (> 99.9% susceptible) against the vast majority of Ciprofioxacin >2 5 50620 439 53.3 group streptococci in ZAAPS 2002, none was apparent in these groups in the 2003 o . 9 . _ g_ .
taphv ont  and streot - with MIC 4 MIC | £ Clindamycin 0.12 -8 <0.06-8 002 39.4 sample (Table 4) indicates the greater importance of hospital hygiene practices in
Sta OCOCCI, enteroCocCcCl ana streptoCocCcCl Wi o AN 90 VAalues o or el el > > <0.06-> : . a e (1able 4). . . . . . . .
5 IJS /r¥1| (Table 2) P ° ﬁr;gganrg'rgp g o 28 G I dissemination and chart reviews, where available, noted linezolid
INTRODUCTION ' L —— 72 ;3 02522 193 e resistance developing with and without drug exposure.
Q_ijinup_ristin/DaIfopristin 0.25 0.5 <0.25->2 99.5 0.2 Table 3. Oxazolidinone-resistant strains discovered during the ZAAPS protocol (2003).
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Linezolid is the initial oxazolidinone (oral and parenteral) to be approved by the FDA and represents the * S. pneumoniae remained fully susceptible to linezolid despite resistance to penicillin %iggqpﬁ?nin ‘%225 § ‘22%51?32 Sg;? ?;8 _
ot i sniicroni) sgent s o oo oduced i decades Uy sctve s st o (16:2%) macroldes 27.29), cindamyoin (13.59%) tetracycline (18.79%) and e S T SELECTED REFERENGES
Enterococcus faecium and methicillin- or oxacillin-resistant Staphylococcus aureus (MRSA) infection. h | E) trept | (MIC ( 1 y O)I) d virid tl’y ¢ g (MIC E”te[ﬁ]%"zg‘fi'd(zog’& 5 o <0.06-58 99.2(>99.9) 0.3(0.01)¢ Parameter (15-699V) @4 (17-982A)  (107-9175A) (108-12402) (21-2870E)
i i i i - i i i aemaolytc streptoCocCCl , mi) and viridans group streptoCocCcCl , e g . : i
OvaO“dmon.e resistance is exlce.edlngly rgre, but dOGlS O.CCUI’ du.rlng therapy n Wlld'typ? ent'erococcu y P 90 Hg g P P 90 é?:lglrgmn henicol 582 ﬂg Eg:;}g g?g ?82 Species E. faecium E. faecalis E. faecium E. faecalis E. faecium E. faecium Ballow CH, Biedenbach DJ, Rossi F, Jones RN, Latin America ZAPS Study Group. (2002). Multicenter assessment of the linezolid spectrum and activity
staphylococci and streptococci with mutations occurring in domain V of the 23S rRNA (pr|mar|Iy G2576U 1 Hg/ml, Table 2) Ciproflox%cin 2 ) <0.03->2 29 1 66.8 using the disk diffusion and Etest methods: Report of the Zyvox® antimicrobial potency study in Latin America (LA-ZAPS). Brazilian Journal of Infectious
mutation). Erythromycin >8 >8 <0.06->8 5.8 72.3 Age 58 66 50 43 40 61 Diseases 6:100-109.
Gentamicin® <500 >1000 <500->1000 63.7 -
H i i i i i o) i Nitrofurantoin o <32 >32 <32->32 67.9 321 Ballow CH, Jones RN, Biedenbach DJ, North American ZAPS Research Group. (2002). A multi-center evaluation of linezolid antimicrobial activity in
emergence of linezolid resistance in over 50 medical centers located in North America’ South America’ Overa”) ISOIateS Of EnteI’OCOCCUS Spp (tWO E faecalls and four E faeClum); eaCh Teicoplanin _52 >16 ) =2 >16 67:1 298 Bell JM, Turnidge JD, Ballow CH, Jones RN, The ZAPS Regional Participants. (2003). Multicentre evaluation of the in vitro activity of linezolid in the
: . : . : : : : , Tet l 8 8 <4->8 36.3 62.8 ' i , : : , : :
Europe and the Asia-Pacific region. Recent reports of decreasing vancomycin potency among MRSA, strain had the well-characterized ribosomal target mutation at G2576U (Table 3). R > 16 025916 60.4 36.2 State NewYork — Ohio  NewYork  Kentucky Tennessee Washington Western Pacific. Journal of Antimicrobial Chemotherapy 51:339-345.
including the recovery of three vancomycin-resistant isolates, underscores the need for continued & Dllzeumolnéae (1.701) 1 1 0.06.4 R MIC (ua/ml _ o . S ' _ -
monitoring of agents commonly used against multidrug—resistant (MDR) Gram—positive organisms. . ' . . ' . . Amezo' I_”_ | | : : < 2._ = =ele, . . -4 . . Bledenb;.ach DJ, Jones BN. (1997). D|§k diffusion test interpretive criteria a'n(':J qual!ty cgntrol rec?mmendatlons for testing linezolid (U-100766) and
° leen that linezolid resistance is the result Of mutations in the 238 rRNA, the P?n(i)()_;(illc!:ilnm/o avulanate 55.03 52 550524 ggg 136:.2 Linezolid 8 -8 -8 -8 8 8 eperezolid (U-100592) with commercially prepared reagents. Journal of Clinical Microbiology 35:3198-3202.
This international surveillance study presents results of the analysis for 8,089 contemporary (2003) likelihood of transferable resistance would be remote, however, nosocomial ggltg:’gl)time 500'.0066 2 288233 ;g% 122 Va.ncomy(_:m >16 >16 0.5 1 >16 1 Bolmstrom Aj Ballow CH,.Qwarnstrom. A, Biedenbach DJ, Jones RN. (2002). Multicenter assessment of linezolid antimicrobial activity and spectrum
isolates of staphylococci, streptococci and enterococci tested against linezolid and selected comparator transmission of resistant clones has been proven to occur. Sefepime e ! e o2 o8 DIEERIEGIIR o >le e =2 <2 e =2 in Burope. Clinical Microbiology Infection 8:791-800.
antimicrobial agents used for empiric and directed therapy of infections caused by Gram-positive gytgromygin éggg >g ég.gg»g gé.; %g (EDU|rr11upr|st|n/DaIfopr|st|n 18 >§ ; >§ 18 18 Diekema DJ, Jones RN. (2001). Oxazolidinones antibiotics. Lancet 358:1975-1982.
i indamycin - =Y. > <0.25-> : - rythromycin > > > > >
organisms.
9 E)eu\;glﬁg;lgginn/Dalfoprlstln 52'5 52'5 éoog:ii 38; 8% CIindamycin >8 >8 0.25 >8 >8 >8 Jones RN, Anderegg TR, Biedenbach DJ, Mutnick AH. (2003). First annual report from the worldwide ZAAPS oxazolidinone resistance and usage
Table 1. Distribution of organism identifications for the 2003 ZAAPS sample indexed by nation of origin Rifampin <05 <05 <0.5-52 99.3 0.4 _ ; surveillance program (2002). In: Programs and Abstracts of the 43 Interscience Conference on Antimicrobial Agents and Chemotherapy, abstr. C2-
M AT E R IA L S A N D M E T H O D S (8,089 strains). Tetracycline sl <4 >8 <4->8 79.6 18.7 Levofloxacin >4 >4 >4 >4 >4 >4 2172. Chicago, IL: American Society for Microbiology.
Trimethoprim/Sulfamethoxazole <0.5 4 <0.5->4 69.8 30.2 Gentamicin <500 1000 <500 1000 <500 <500
o o i Vancomycin ' 0.25 0.5 <0.12-2 >99.9 - Ampicillilnl _> 16 g -1 _> 16 g 1 _> 16 _> 16 Jones RN, Ballow CH, Biedenbach DJ, The ZAPS Study Group Medical Centers. (2001). Multi-laboratory assessment of the linezolid spectrum of
Specimen collection: A total of 8,089 bacterial isolates were collected as part of the ZAAPS Program . B—hali-:i*nmeozl\o/;[ilg streptococci (383) ] ] R 100.0(100.0) ) . = = ac'tivity'using the Kirby-Bauer'disk diffutsiorj method: Report of the Zyvox® antimicrobial potency study (ZAPS) in the United States. Diagnostic
l . . . . } . . . . : ] o b 5 Chloramphenicol 16 16 8 >16 8 16 Microbiology and Infectious Disease 40:59-66.
for 2003 from sites in South America (three nations/eight sites), Europe (seven nations/18 sites), Asia- Nation S X {3- - Vl[{- ar. S. - - SelE T égﬁfgéﬂgn/mavulanate <§21 » <§21 » - 1522 05 100.0 ) Tetracveling - -8 -8 -8 -8 -
Pacific (three nations/six sites) and North America (two nations/30 sites; Table 1). Each participant site (0, IAECIEEY GENTS)  SuCecess] RICACERes] [Pl BUEeeses) Skelicls (©8 o Ceftriaxone <0.25 <0.25 "<0.25-1 99.7 - Trim /ST“ o ; 5 5 5 i i ;2 Meka VG, Gold HS. (2004). Antimicrobial resistance to linezolid. Clinical Infectious Disease 39:1010-1015.
; _ ; ; ; ; Chloramphenicol <2 4 <2->16 99.7 0.3
forwarded a total of 200 consecutive, non-duplicate patient specimens to the central monitor (JMI Canada (5) 54 26 257 183 197 144 861 Clindamycin <0.06 <0.06 <0.06->8 92.4 7.3 Meka VG, Pillai SK, Sakoulas G, Wennersten C, Venkataraman L, DeGirolami PC, Eliopoulos GM, Moellering Jr RC, Gold HS. (2004). Linezolid resistance
Laboratories, lowa, USA) originating from patients with bloodstream infections, respiratory tract infections, United States (25) 198 58 968 1,329 1,484 306 4,433 ErythfrlomyQIrln 58-26 ‘11 500b06§->48 88-8 10888 Mutation G2576U  G2576U G2576U G2576U G2576U G2576U in sequential Staphylococcus aureus isolates associated with a T2500 mutation in the 23S rRNA gene and loss of a single copy of rRNA. Journal of
wounds or skin and soft tissue infections and urinary tract infections. Penioillin <0.016 0.06 <0.016.0.5 99.7 : Infectious Disease 190:311-317.
h ' uded S (2,630 S (1.701 ) | grgerllt(iz)a @) 12 12 gg ‘215 28 g? ggg gilfjg:ggﬁl-?tln/DaIfOp”Stm ég%g 58:25 5%92255_;12 109'0 OLO a. Trimethoprim/Sulfamethoxazole Mutnick AH, Enne V, Jones RN. (2003). Linezolid resistance since 2001: SENTRY Antimicrobial Surveillance Program. Annals of Pharmacotherapy
e collection included S. aureus (2, strains), Streptococcus pneumoniae (1, strains), coagulase- razi Tetracycline 8 >8 <4->8 44.6 50.1 37:769-774.
negative staphylococci (1,101 strains), enterococci (2,038 strains), B-haemolytic streptococci (383 strains) Mexico (2) S 0 1 49 102 43 200 TSRS . e e = TR ) . , N S . , ,
.. . . . - - wmw National Committee for Clinical Laboratory Standards. (2003). Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically.
and viridans group streptococci (236 strains). Isolates were identified by the submitting laboratory and . 6) - . - - - - - I;\lnequl_d”' Gl 12 12 52.061—3 100.0(99.5) - S ¥ Aot Jaoanaie s _ _ Document M7-A6. Wayne, PANCCLS.
confirmed by the monitoring facility using standard and commercial methods. These results were rance Albac AEE S - = vy 2l ay inezolid activity when tested against the six major organism groups.
A fA A ; . _ Germany (3) 6 16 31 40 49 58 200 ngﬁpalmoene 28;% 015 28;523?;2 ggg gg National Committee for Clinical Laboratory Standards. (2004). Performance standard for antimicrobial susceptibility testing. Document M100-S14.
gggg\?ée:o:iis\lggtzg’iggs for the year 2002 ZAAPS Program (7,071 strains); total of 16,060 Gram Italy (3) 5 2 52 41 50 50 200 8h|orla)r(nphenicol T 4 58 99.2 0.0 Linezolid MICy/highest MIC/% S by year: Wayne, PA:NCCLS.
. Spain (3 9 7 39 50 50 45 200 lindamycin <0.06 8 <0.06->8 88.6 11.0 .
S\?velge(n) (1) 20 5 53 41 61 20 200 E(ra)\//tgfﬁgTaycg:'ln 501.06 >28 Eggg:zz gg; 300-49 Organism (no. tested 2002/2003) 2002 2003 Raad Il, Hanna HA, Hachem RY, Dvorak T, Arbuckle RB, Chaiban G, Rice LB. (2004). Clinical-use-associated decrease in susceptibility of vancomycin-
Suscentibility testing: All strains were tested by the reference broth microdilution method [NCCLS, 2003] Switzerland (1) 8 14 38 19 49 31 150 Penicillir) | N 0.06 ] 5_0.b16-16 77:1 5:1 S. aureus (3,687/2,630) 2/16/>99.9 2/4/100.02 resistant Enterococcus faecium to linezolid: A comparison of quinupristin/dalfopristin. Antimicrobial Agents and Chemotherapy 48:3583-3585.
in cation-adjusted Mueller-Hinton broth (with 2 - 5% lysed horse blood added for testing of streptococci) United Kingdom (2) 20 8 59 31 73 9 200 gﬁmgﬂft'n/ Dalfopristin B . Ly 99.6 00 CoNS (870/1,101) 2/8/>99.9 1/2/100.0
against a variety of antimicrobial agents representing the most common classes and examples of drugs getr:aqr/:lin% g‘é >18 <%41-2§2 gg-% 21865 Enterococci (1,070/2,038) 2/>8/>99.9 2/>8/99.2 ACKNOWLEDGEMENTS
used in the empiric or directed treatment of the indicated pathogen. Dry-form microdilution panels and Japan (3) 16 33 16 65 207 119 456  Suscentibiit, imermreiive ortera of e NGOLS 004 — : B-streptococci (387/383) 1/2/100.0 1/2/100.0
broth reagents were purchased from TREK Diagnostics (Cleveland, OhiO, USA) quea (1) 3 18 47 50 50 32 200 b. g;aﬁgcr:nLgugsS%;;tliiagtSY predicted by the oxacillin test results. Percentage of susceptibility will not exceed that of oxacillin when test results are correctly reported viridans group streptococci (1 87/236) 1/8/99.5 1/2/100.0 ' . '
Taiwan (2) 6 23 24 26 75 8 162 g g_igrzé;elyel re%stangetsctreizn._Su(s'\(jlclegtiblg res/ultl)predicgs tsyntergi‘sti;:hkiIllﬂré%when combined with a cell-wall active agent. S. pneumoniae (1,770/1,701) 1/2/100.0 1/4/>99.9 This program was SpOnSOred by an educational/research grant from Pflzer, Inc. The co-authors
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