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Introduction

* Pulsed-field gel electrophoresis (PFGE) was performed on isolates of the same species
that were recovered from the same medical site and exhibited decreased susceptibility

Table 2 Activity of linezolid and comparator antimicrobial agents when tested against gram-positive clinical isolates as part of the 2016 ZAAPS Program
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Table 3 Isolates with elevated or resistant-level linezolid MIC values (24 pg/mL) in the

| _ Organism/group? (no.) MIC (ug/mL): CLSIP EUCAST® Organism/group? (no.) MIC (ug/mL): CLSIPb EUCAST® 2016 ZAAPS Program
to IlneZO“d antimicrobial agent M|C50 MICQO %S %l %R %S %l %R antimicrobial agent M|C50 MICQO %S %I %R %S %l %R Linezolid
. : : : MRSA (1,139) Piperacillin-tazobactam >16 >16 7.2 1.0 91.8 Collection# @ Organism City Country | MIC (ug/ Resistance mechanism(s PFGE MLST
« Oxazolidinones are a class of synthetic antimicrobial agents that bind to the A-site of the Multilocus sequence typing was performed using standard protocols Linezolid 1 1 100.0 0.0 100.0 0.0 Teicoplanin <0.5 >16 75.7 9.6 14.7 74.0 26.0 563397 < 5 = m4'-) f & S
- : - Clindamycin <0.25 >2 62.2 0.2 37.6 62.2 0.1 37.8 Tigecycline 0.03 0.06 99.7 0.0 0.3 . aureus anama City anama cfr
pegtld};l transferase center (PTC) in domain V of the 23S rRNA component of the 505 Daptomycin 0.5 0.5 100.0 100.0 0.0 Vancomycin 0.5 >16 70.2 1.4 28.4 70.2 29.8 973450 E. faecalis Paris France 4 optrA ST775
supuni Erythromycin >8 >8 35.2 4.0 60.8 35.6 1.3 63.0 S. pneumoniae (1,136) . Guatemala
. . . . Gentamicin <1 >8 75.1 0.4 24.5 74.6 254 Linezolid 1 2 100.0 100.0 0.0 0.0 o8 = EEEEE City SUEIEITEE 5 gjpuze Sreldin | S1298
- Binding at the PTC prevents the formation of the N-formylmethionyl-tRNA-ribosome- Levofloxacin >4 >4 35.6 14 62.9 35.6 64.4 Amoxicillin-clavulanic acid <0.03 2 90.8 3.5 5.6 oreads  ooooro | Guatemala | oo . i eae1a | sTong
MRNA ternary complex and inhibits initiation of bacterial protein synthesis Teicoplanin 0.5 1 100.0 0.0 0.0 96.7 3.3 Ceftriaxone 0.03 1 83.6 9.2 7.1e 83.6 14.4 1.9 | City P
_ _ _ _ _ _ _ _ . o . L. Tetracycline <0.5 >8 79.0 0.8 20.2 /8.1 0.4 21.5 ' 92.9 5.2 1.9°¢ 956349 £ f y Guatemala Guat | 4 A EF361A ST256
* This unique mechanism of action of linezolid makes cross-resistance with other In vitro antimicrobial activity Tigecycline 0.06 0.25 100.0 0.0 Clindamycin <0.25 >2 77.6 0.2 22.2 77.8 22.2 - laecalls City uatemaia optr.
- . - : _ . . TMP-SMX <0.5 <0.5 96.4 3.6 96.4 0.2 3.4 Erythromycin 0.03 >32 67.3 0.3 32.5 67.3 0.3 32.5 |
antimicrobial agents and the development of resistance due to multiple numbers of 23S - Overall, linezolid showed MIC_, results of 0.5 ug/mL when tested against coagulase- Vancomycin ; 1 000 00 00 {000 00 o ol 1 5 e o e ok o 956359 E. faecalis G“aéei’tr;a'a Guatemala 4 optrA EF361A | ST256
rRNA copies unlikely negative staphylococci (CoNS) and 1 ug/mL against S. aureus, enterococci, and MSSA 2 65.9 185 1567 | 659 NURREEAR 986223 E.fascalis | Durango | Mexico A optrA EF126A | ST480
. : : icilli g e . .
: : . o : : : 981649 E. faecalis Taipel Taiwan 4 OptrA ST7
. . . . . . . - <
~ The oral formulation is 100% bioavailable, allows step-down therapy, and may help to » Linezolid (MIC,, ., 1/1 ug/mL; 100.0% susceptible) was active against S. aureus and g“nfamyf{m S8-§5 38-25 19070-70 0.1 2.2 19070-60 0.1 g-g .'?;f;rf;é'l'i':etaz"badam gg'gg >48 593 03 205 593 03 205 954245 E. faecium Roma Italy 8 23S rRNA (G2576T) EFM86A® | ST117
: : : ST - : aptomycin : : : . . =Y. : : - : : : : -
o o | | | . o . . o . . . Gentamicin <1 <1 96.2 03 35 958 49 TMP-SMX 0.25 >4 68.8 11.4 19.7 76.3 4.0 19.7 o | 23S rRNA (G2576T),
Annual Appraisal of Potency and Spectrum (ZAAPS) and Linezolid Experience and (96.7%—-100.0% susceptible), and trimethoprim-sulfamethoxazole (96.4% susceptible) Penicillin 1 >2 25.8 742 | 258 74.2 VGS (469) — e (6(2576T)'"E;
Accurate Determination of Resistance (LEADER) programs were also active against MRSA (Table 2) Piperaciliin-tazobactam 1 2 100.0° 0.0 100.0 0.0 Nez0lc S 1 ] =0 978113 S epidermidis|  Florence taly 32 (M156T), L4 (71G72ins) ST2
Teicoplanin =0.5 =0.5 || 100.0 0.0 0.0 99.9 0.1 amoxiain-clavulanic acid 000 Z o1 122 o8 939504 | S. epidermidis| Genova tal 16 23S rRNA (G2576T) ST2
— In addition, the epidemiology of gram-positive isolates demonstrating elevated MIC * Linezolid (M|C50/90, 0.5/1 pg/mL; 99.6% susceptible) and daptomycin (|\/||C50/90, 0.5/1 yg/mL,; $‘etracyc|;'”ne 3002 301-2 94.8 0.5 4.7 19040-30 0.1 gg gﬁ:]tg:r)::;/r;ien <Od1225 >12 g;? 88 153'80 g;g gg 956526 S. eZidermidiS Milan Italy 16 23S rRNA (G2576T), L3 SEPI377Ab | ST2
. . . . . . : : : : : iIgecycline . : . . —\- - - - - . .
results to linezolid and respective resistance mechanisms have been monitored 99.8% susceptible) displayed equivalent MIC values against CONS, which had MIC TMP-SMX <05 | <05 | 998 02 99.8 00 0.2 Daptomycin 0.25 05 | 100.0 | > (M156T)
. . . . . . . L values 2-fold lower than vancomycin (MIC_ .., 1/2 uyg/mL; 100.0% susceptible) and Vancomycin 05 1 1000 00 00 1000 | 00 Erythromycin 0.03 >32 56.5 0.9 42.6 959706 S. gallolyticus | Bangkok | Thailand 4 OpirA ND
* This study investigated and reported the linezolid activity against gram-positive isolates . . 50/90 . . . ' ' ' ' ' ' - 939344 S. mitis group |  Ljubljana Slovenia 16 23S rRNA (G2576T) ND
4-fold lower than teicoplanin (MIC, .., 2/4 ug/mL; 92.0%-99.5% susceptible); tigecycline CoNS (1,140) SO CEIT 1 Z i LH 4.7
and resistance mechanisms associated with elevated MlC resu|ts _ _ p 50/90’ “g ’ . 0 e 0 p ’ g y Linezolid 05 1 99 6 04 99 6 0.4 Penicillin 0.06 1 73.6 19.6 6.8 81.0 12.2 6.8 2 |solates with an EFM86A PFGE profile were also observed in 2002, 2006, 2008, and 2009 in this site
was very active against CoNS, while other agents had limited coverage (Tables 1 and 2) Ceftriaxone -8 >8 30 70 57 3 Piperacillin-tazobactam 0.25 4 81.0 129 6.8 > A S. epidermidis with an SEPI377A PFGE profile was also detected in 2015 in this site
: : : N : - Teicoplanin 0.12 0.25 100.0 0.0
- Linezolid (MIC, ., 1/2 pug/mL; 98.5% susceptible), ampicillin (MIC, ., 1/2 pg/mL; gggf;;"yy;': 02> 5 o 1.2 24 1 fed 1.1 208 Totrecyoling T = T o G
M ate ri als an d M eth ods 99.8%—100.0% susceptible), daptomycin (MIC, ., 1/1 yg/mL; 100.0% susceptible), and Epierw=n - = T 8 57 0.4 o = Tigecycline 005 006
vancomycin (MIC_..., 1/2 ug/mL; 99.6% susceptible) showed similar potencies against Gentamicin <1 >8 60.5 5.3 34.2 56.7 43.3 [y =0.12 4 A k I d t
= faecaxl/is ('Ifablesgio HI ptible) P J Levofloxacin 0.5 >4 53.6 4.4 42.1 53.6 46.4 B\@n(c;?)fgx)'cm 0.5 0.5 100.0 100.0 0.0 cCKNowie I nents
: Oxacillin >2 >2 32.7 67.3 34.8 65.2
Bacterial strain * Tigecycline (MIC, ., 0.03/0.06 ug/mL; 99.7% susceptible), linezolid (MIC_, ., E;ﬁ’fggg';‘;'taz"ba“am § >16 %%750 04 607'13 3‘2"3 68562 k';%i?giﬁm-davmamc acid 501_03 0_106 19090_60 19090_9O = 8:? ™h h d like to thank all particinati dical t dwide tributi
- Atotal of 8,325 isolates were collected from 76 centers (42 countries in 5 continents) 1/1 pg/mL; 99.3% susceptible), and daptomycin (MIC, .., 2/2 pg/mL; 99.7% susceptible) Tetracycline <0.5 >8 86.1 1.1 127 | 80.1 3.9 16.1 Ceftriaxone 0.03 0.06 | 100.0 99.9 0.1 | T1S auinors WO TIKe 2o hank afl parucipating medical Centers Worlawide 1ot Contributing
. L L . . were active against Enterococcus faecium (Table 2) Tigecycline 0.06 0.25 100.0 00 Clindamycin <0.25 >2 87.9 0.7 11.4 88.6 11.4 Isolates to this surveillance protocol. This study was sponsored by Pfizer Inc. (New York, NY).
and submitted to the coordinating monitoring laboratory (JM| Laboratories, North Liberty, 9 R o i T o o v e Daptomycin <0.06 025 100.0 100.0 0.0
lowa, USA) « Streptococci were very susceptible to linezolid (MIC,. .., 1/2 ug/mL; >99.9% Vancomycin 1 2 100.0 0.0 0.0 100.0 0.0 Erythromycin 0.03 >32 7.7 1.8 20.6 7.7 1.8 20.6
. . 20190 . E. faecalis (531) Levofloxacin 0.5 1 95.9 0.8 3.3 95.9 4.1
- |solates were recovered from hospitalized patients and selected by participating susceptible), except for 1 Streptococcus gallolyticus (linezolid MIC, 4 pg/mL) and e : 5 08 & 15 00 1000 0.0 Penicillin 0.015 | 0.06 99.6 99.9 0.1
centers following specific protocols, as part of the SENTRY Antimicrobial Surveillance 1 Streptococcus mitis (MIC, 16 pg/mL; Table 3) Ampicillin 1 2 100.0 0.0 99.8 0.2 0.0 Piperacilin-tazobactar 012 020 Bt 0! Refe rences
Daptomycin 1 1 100.0 eicopianin : : : :
Program for 2016 Erythromycin 16 16 1.7 346 537 Tetracycline 0.5 >8 52.0 2.7 45.3 51.3 0.7 48.0
. PN . : fi : i : .. . . . . . . . Levofloxacin 1 >4 73.8 0.8 25 4 74 6 25 4 Tigecycline 0.06 0.06 100.0 0.0 0.0 _ _
Bacterial identifications were confirmed by standard algorithms and matrix-assisted Table 1 Antimicrobial activity of linezolid tested against the main organisms and Piperacillin-tazobactam 7 5 e 0% S0 TMP-SMX <012 0.95 Chien JY, Mendes RE, Deshpande LM, Hsueh PR (2017). Empyema thoracis caused
laser desorption ionization-time of flight mass spectrometry (Bruker Daltonics, Bremen, organism groups of isolates as part of the 2016 ZAAPS Program Teicoplanin <0.5 <0.5 99.6 0.0 0.4 99.6 0.4 Vancomycin 0.25 0.5 100.0 100.0 0.0 by an optrA-positive and linezolid-intermediate Enterococcus faecalis strain. J Infect 75:
Germany) Organism / organism No. ofisolates at MIC (ug/mL; cumulative %) Tigecyciine 006 | 012 1000 | 00 | 00 B e T ey oS coagulsze oG saphylococ VGS,vidans groue 182-184.
. . . group? (no. of isolates) <0.06 | 0.12 | 0.25 | 0.5 1 2 4 8 >g | MIC, | MiC,, Vancomycin 1 2 99.6 0.0 04 99.6 0.4 > Criteria as published by CLSI (2017) and EUCAST (2017)
* Isolates that displayed linezolid MIC results at 24 ug/mL were selected for further 1 23 | 6a0 | 2050 | 357 | 1 E. faecium (292) « Susceplibility based on oxacillin results . ,
molecular characterization S. aureus (3,990) a4 | a5 | dme | on | seae | 106 1 1 Linezolid 1 1 99.3 0.0 0.7 99.3 0.7 ¢ Using meningitis breakpoints Clinical and Laboratory Standards Institute (2017). M100-S27. Performance standards for
1 5 230 | 816 | 84 ' Ampicillin >16 >16 8.2 91.8 7.2 1.0 91.8 ° Using non-meningitis breakpoints antimicrobial susceptibility testing: 27" Informational Supplement. Wayne, PA, USA.
MRSA (1,139) 0.1 0.6 210 996 | 1000 1 1 Daptomycin 2 2 99.7 f Using oral breakpoints
= g TR - : : : : : Erythromycin >16 >16 5.1 6.5 88.4 9 Using parenteral, meningitis breakpoints . _ o
Antimicrobial Susceptlblllty teStIng MSSA (2,851) 17 417 | 2,143 | 273 1 1 1 L evofloxacin >4 >4 5 1 4 1 90.8 92 90.8 " Using parenteral, non-meningitis breakpoints Clinical and Laboratory Standards Institute (201 5) MOQO7-A10. Methods for dilution
« Susceptibility testing was performed by broth microdilution methods, according to the ) %‘16 162'12 2%': >?2'9 108'0 0 . antimicrobial susceptibility tests for bacteria that grow aerobically; Approved Standard,
Clinical and Laboratory Standards Institute (CLSI) recommendations (M07-A10, 2015) CoNS (1,140 02 | 73 | 670 981 | 996 | 996 | 99.6 | 100.0 | 9° 1 Tenth edition. Wayne, PA, USA.
. . o 1 43 | 460 | 242 | 17 0 0 4
* Inoculum density was monitored by colony counts to ensure an adequate number of Oxacillin-resistant (767 0.5 1
cells for each tegtin event y y . 7o) 01 | 57 | 657 | 97.3 | 99.5 | 99.5 | 995 | 100.0 Deshpande LM, Ashcraft DS, Kahn HP, Pankey G, Jones RN, Farrell DJ, Mendes
J Oxacillin-susceptible (373) N A IS A L N 05 | 1 RE (2015). Detection of a new cfr-like gene, cfr(B), in Enterococcus faecium isolates
« MIC values were validated by concurrently testing CLSI-recommended quality control - oo 5 155 | 539 | 145 3 5 1 , o _ _ _ _ recovered from human specimens in the United States as part of the SENTRY
reference strains (Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC nterococcus spp. (854) 06 | 187 | 81.9 | 98.8 | 99.8 | 100.0 Oxazolidinone resistance mechanisms and epidemiology C I . Antimicrobial Surveillance Program. Antimicrob Agents Chemother 59: 6256—6261.
29212, and Streptococcus pneumoniae ATCC 49619) E. faecalis (531) oe 1%82 o gg% 1 o% . 1 2 « One S. aureus from Panama City (linezolid MIC, 4 ug/mL) carried cfr, while 4 onciusions
« MIC interpretations were based on the CLSI M100-S27 and European Committee on E. faecium (292) 49 | 214 | 27 0 2 1 1 Staphylococcus epidermidis (linezolid MIC, 16-32 yg/mL) from ltaly (3) and Germany (1) EL CICI\ST r(]22001177) E\reﬁkgflntttahtitesﬁfor |nterpret?t|on/1?|f I\/ICIIC§ ?nd/zondg C};Sénﬁt/eétjc\;/,ae\rss':'on
- : . - - ' 16.8 | 90.1 | 99.3 | 99.3 | 100.0 i i i i ion i . . . . . . . 1, Marc . Available at: ./lwww.eucast.org/fileadmin/src/media S
Antimicrobial Susceptibility Testing (EUCAST) documents, when available carried 23S rRNA alterations with or without mutation in the L3 and/or L4 (Table 3) » Linezolid remained active against 99.8% of isolates belonging to a global (except . . P . J
S. pneumoniae (1,136) O 153 | 796 | 182 1 5 . . . e . . . C . files/Breakpoint_tables/v_7.1 Breakpoint Tables.pdf. Accessed March 2017.
| ’ 04 | 139 | 84.0 | 100.0 « Eight E. faecalis (Guatemala City [4], Durango [2], Taipei [1], and Paris [1]) had linezolid US) collection included in the 2016 ZAAPS Program — — - = —

- : : : : : - : 3 16 | 121 | 307 | 20 1 1 . . . . . . . . L .
Screening for linezolid resistance mechanisms and epidemiology typing VGS (469) a5 | 44 | see | ema | ces | cos e |- 1 MIC values of 4 pg/mL and all harbored optrA (Table 3) » Alterations in the 23S rRNA and/or L3/L4 proteins remain the main oxazolidinone Mendes RE, Deshpande LM, Jones RN (2014). Linezolid update: stable in vitro activity
 Isolates were screened for the presence of cfr, cfr(B), cfr(C), and optrA and mutations in BHS (736) 33 | 638 | 65 1 1 « Two clonally related E. faecium (Rome) were linezolid-resistant (MIC, 8 ug/mL) and had resistance mechanisms in E. faecium and CoNS clinical isolates following more than a decade of clinical use and summary of associated resistance

45 | 91.2 | 100.0

the 23S rRNA-, L3-, and L4-encoding genes

« Complete genomes were sequenced on a MiSeq Sequencer (JMI Laboratories)
following the manufacturer’s instructions (lllumina, San Diego, California, USA)

23S rRNA mutations (Table 3)

* One S. gallolyticus (linezolid MIC, 4 uyg/mL) and 1 S. mitis (linezolid MIC,
16 ug/mL) displaying elevated MIC results for linezolid had optrA and 23S rRNA
mutations, respectively (Table 3)

» optrA emerged as the sole oxazolidinone resistance mechanism in E. faecalis and it mechanisms. Drug Resist Updat 17: 1-12.

was also detected in a S. gallolyticus isolate

a MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus; CoNS, coagulase-negative staphylococci; VGS, viridans group
streptococci; BHS, B-hemolytic streptococci

CoNS includes Staphylococcus arlettae (1), S. auricularis (1), S. capitis (77), S. caprae (19), S. carnosus (1), S. cohnii (4), S. epidermidis (588),

S. gallinarum (1), S. haemolyticus (159), S. hominis (106), S. lentus (2), S. lugdunensis (102), S. pasteuri (3), S. pettenkoferi (3), S. pseudintermedius
(4), S. saprophyticus (27), S. schleiferi (1), S. sciuri (5), S. simulans (10), S. warneri (25), S. xylosus (1)

VGS includes Streptococcus anginosus (107), S. anginosus group (18), S. australis (2), S. bovis group (1), S. constellatus (17), S. cristatus (3),

S. equinus (2), S. gallolyticus (44), S. gordonii (8), S. infantis (1), S. intermedius (4), S. lutetiensis (4), S. mitis (1), S. mitis group (159), S. mitis/oralis

SS6), S. tpgu;‘aqs g%) S. oralis (2), S. parasanguinis (27), S. salivarius (9), S. salivarius group (12), S. salivarius/vestibularis (11), S. sanguinis (21), o C|Ona||y disseminated isolates with decreased Suscept|b|||ty to linezolid have been observed
. vestibularis . . . : : : -
in Guatemala City (E. faecalis), Rome (E. faecium), and Milan (S. epidermidis) (Table 3)

Pfaller MA, Mendes RE, Streit JM, Hogan PA, Flamm RK (2017). ZAAPS Program results
for 2015: an activity and spectrum analysis of linezolid using clinical isolates from medical
centres in 32 countries. J Antimicrob Chemother, In press, https://doi.org/10.1093/jac/dkx251

« Surveillance and infection control will be important strategies to detect and contain
the plasmid-mediated optrA resistance gene from disseminating

« Assembled genomes were subjected to a proprietary software (JMI Laboratories) to
screen genes of interest or to extract DNA sequences (23S rRNA, L3, and L4 genes) for
mutation analysis

ZYVOX product package insert. http://labeling.pfizer.com/ShowlLabeling.aspx?id=649

BHS includes Streptococcus agalactiae (265), S. canis (2), S. dysgalactiae (137), S. equi (1), S. pyogenes (331)




