Report of Linezolid Activity from the Linezolid Experience and Accurate Determination of Resistance (LEADER)
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CONCLUSIONS

. . L . . : . : Program, 2014); 6,865 strains. strains.
Background: Linezolid (LZD) was the first oxazolidinone Linezolid, the initial oxazolidinone, was approved by the Food and The activity of linezolid in the 2014 LEADER Program sampling of e — _ - Linezolid resistance surveillance testing of Gram-positive
_ o Drug Administration (FDA) in 2000. Linezolid is indicated for the 60 medical centers (6,865 Gram-positive strains) is presented in Number of isolates inhibited at linezolid MIC (ug/mL): Organism/antimicrobial agent MIC (ug/mL) CLse isolat 6.865) from 60 USA medical centers in 2014
approved in the USA (2000) and is indicated for the treatment of comoli : : : : _ \ N _ _ _ . (no. tested) MG MIC Ranae %S /%1 | %R solates (6, ) fro
plicated skin and skin structure infection (cSSSI) Table 1. The linezolid activity against monitored organisms Organism group (no. tested) 012 025 05 L 2 4 8 8 M g T I el eai o &l hi
treatment of complicated skin and skin structure infection q ial ia. Linezolid is also indicated for th - . . . B-hemolytic streptococci (874) 0 16 a5 443 S. aureus, methicilin-resistant (1,465) showed excellent sustained activity in all geographic
and nosocomial pneumonia. Linezolid is also indicated for the 0 0 o : L : —
_ _ _ _ _ : _ _ remains high (99.78% susceptible), with only 15 (0.22%) isolates . Linezolid 1 1 0.95.58 99.9/-/01 d a hiah | lid- tibilitv rate of 99.78%
S. pneumoniae (874 3 28 289 551 3 regions and a nign linezolid-suscepupliity rate o . 0
d I | Gram- p (874)
and nosocomial pneumonia. It is active against Gram treatment of vancomycin-resistant Enterococcus faecium (VRE) : . . . . :
N _ _ . : . : : : : displaying elevated MIC values (i.e. 24 uyg/mL). Enterococei (855) 0 7 167 640 35 5a 1 Ciprofloxacin >4 >4 0.12->4 28.6/2.5/69.0 (99.62 - 99.83% during 2008-2013).
positive (GP) organisms such as MRSA, multidrug- infections (including cases with concurrent bacteremia). This 6. aureus (3.106) . s 01 . s . . . Clindamycin 95 s eiomen B SR
resistant (R) S. pneumoniae and vancomycin-R compound h?_JIS emerged as a valuable parer_mt_eral/oral ggent for the Linezolid was highly potent against S. aureus exhibiting a MIC,o, MRSA (1,465) 0 14 499 041 8 1 1 1 Daptomycin G os b1z 99.9/-/- » There were 15 non-susceptible isolates, eight of which
enterococci that are resistant to conventional drugs. The treatment of infections caused by Gram-positive organisms such as at 1 pg/mL. Erythromycin, ciprofloxacin and clindamycin MSSA (1,641) 0 : 22 190 20 Ervihromyen Te i siEe s 1071821652 (8/15 [53.3%)]) harbored cfr. This increase in the presence
: - MRSA, drug-resistant Streptococcus pneumoniae and VRE that are . Viridans aroub strentococel (359 3 - 209 125 Gentamicin =1 =1 <1->8 96.3/04/33 £ cfr in the linezolid non- tible isolates is concernin
LEADER Program has monitored LZD activity, spectrum Also resistant to commonly used agents resistance rates were at 85.2, 69.0 and 26.8% when tested Iridans group streptococci (359) Trimethoprim/sulfamethoxazole <05 <05  <0.5->4 97.7/-/23 Of CIr In the linezolid no SUSCGP I0lE ISOla _ . g
and R rates since 2004. Y Jents. against MRSA, respectively. In MSSA, resistance rates to the CONSM(F:?)NS s 2 iz 22: ‘2‘2 Z i i Vancomycin 1 1 0.25-2 100.0/0.0/0.0 and next year’'s LEADER surveillance results will show if
: : : o : i ° S. aureus, methicillin-susceptible (1,641) this is an outlier or repeats as a trend. Other resistant
The Linezolid Experience and Accurate Determination of Resistance gbove .tested drugs.were lower (.27'4’ 11.5 ?r.]d 5'2%).’ while : MSCoNS (340) 3 101 219 16 0 0 0 1 Linezolid 1 1 0.25-2 100.0/-/0.0 mechanisms includedp(no strains): G2576T (10), L3
Methods: A total of 6,865 GP pathogens from 60 (LEADER) surveillance program has monitored linezolid aCtiVity, IlneZO“d, daptomyCIn, vancomycin, gentamlcm and trlmethoprlm- E, Fguroftheiedstrains he:cd MIC;s of 2:? pg/va(;/hen testid usingfreferenfcefrtlz/lzlin—formlMIC panels. Ciprofloxacin 0.5 >4 0.03->4 86.1/2.4/11.5 mutation (6) and L4 muta.tionS (6) Overall. the ‘:a"
. . . . H : H . This strain MIC of 8 pg/mL when ing reference frozen-form nels. .
medical centers from 36 states were submitted. The spectrum and resistance rates in the United States (USA) since sulfamethoxazole were very active (296.0% susceptible) against St had M 077 woTn when feslec usihg reterence Topenom M pane® Clindamycin <025 $0.25  <025->2 94.6/0.2/5.2 oraanism’ linezolid-resistant and non-suscentible rate
i I : : 2004. This program serves to generate national in vitro data for MSSA and MRSA (Table 2). Daptomycin 025 05 <0.06-1 100.0/-/- g _ _ : P _
organism groups (no. overall) were: S. aureus (SA; : : : - : Erythromycin 025 516  <0.12>16  65.9/67/27.4 (0.22%) is essentially the same as in 2005 (0.24%) with
3,106), coagulase-negative staphylococci (CoNS; 797) linezolid and comparator agents to provide longitudinal data to which - L - Table 3. Isolates with elevated linezolid MIC values (24 pg/mL) in the 2014 LEADER Gentamicin ‘1 a <18 99.0/0.0/1.0 fiati f 0.14-0.45% th it d. 11
T . ’ ’ local susceptibility patterns may be compared. In addition, molecular * MRSAr ates were at 47.2% (47.9% in 2013; declining since 2007 ' =+ H . | - - i o variation from 0.14-0.45% over the monitore e
enterococci (ENT, 855), S pneumomae (SPN, 874), ) ) ) ] ] o 0 . Program. Trimethoprim/sulfamethoxazole <0.5 <0.5 <0.5->4 99.3/-/0.7 periOd.
- _ _ testing of isolates with decreased linezolid susceptibility allows [58.2%)]), see Figure 1. Vancomycin 1 1 0.25.2 100.0/0.0/0.0
viridans group (VGS; 359), and B-hemolytic streptococci detection of emerging resistance mechanisms that would not be Linezolid Coagulase-negative staphylococci (797)b « MRSA rates remained hlgh but overall has ConSiStentIy
; 874). All ibili ing w rform ible i ' ini ' » Linezolid demonstrated a MIC of 0.5 ug/mL when tested Isolate ID MIC inezoli <0.12-> i . 2 : :
(BHS; 874) sl b i _(S) testing was performed possible in routine clinical laboratory practice. _ | 50/90 hg/mL ted isolate | Organiem oy s agser (S, e . Linezolid 05 05 <0128 99.4/-10.6 Saelireel, TresmE Giens (o Tieatens gUe i (DR
by reference broth microdilution methods. LZD-R against all CoNS isolates, regardless of oxacillin susceptibility Ciprofloxacin 025 >4  <0.03>4  60.2/08/39.0 g : : :
.- : : : : . : . i 468-15900 S.aureus  LongBeach  California  21/F 8 G2576T SA468A e <025  >2 02552 71.6/1.5/26.9 pathogens are limited, however, linezolid continues to
isolates were confirmed by Etest (bioMerieux The oxazolidinone mechanism of action has been described as (Table 2). Only linezolid, daptomycin and vancomycin exhibited . _ — = N . . ,
’ . | i b d h 0S b I b i f h 23S rRNA . T 0 468-24497 S. aureus Long Beach California 23/M 16 cfr, G2576T, L3 (H146 deletion, SA468B Daptomycin 0.25 0.5 <0.06-1 99.9/-/- demonstrate exce”ent IN VItro aCt|V|ty agaII‘ISt these
Hazelwood, MO) and by repeated reference S testing. Se |eCtIV|e ) Ilrt]'g i 'ihS'b't' Ifln Ofso:‘n? '?lu unr]['; i eO rI'd'none high susceptibity rates a( >90% (Table 2). 448-24858  S.aureus  NewOrleans  Louisiana  54/F 4 Pl(:L) SUEEYEN 1o >16 =012>16  391/28/582 organisms.
PCR and sequencing was performed to detect mutations molecuie resuting In InnibIton ot protein synthesis. Lxazolidinon . . . . . : ' G2576T, L3 (G375, H146P Gentamicin =1 >8 =1->8 821/36/143
in 23S IRNA. L3. L4. and L22 orotei g red resistance has been detected, mainly among Enterococcus species  Linezolid was highly active against VRE (99.3% susceptible) 1166817 S.epidermidis  Houston Texas 39/M 64 M156T). Lt (71G72msertion)  SET1116D° Oxacillin 1 >2 <0252  427/00/57.3
n FRINA, Lo, B4, an Proteins, and an acquire and the coagulase-negative staphylococci (CoNS), but the exhibiting a MICg4, at 1 pg/mL. Among the enterococci tested 1616061 S eoidermidis  H . oy g L3 (H146Q, VI54L, AISTR), SEpI116En Trimethoprim/sulfamethoxazole  =0.5 >4 =0.5>4 7>8/-124.2
gene (cfr). occurrence rates of resistance have remained rare for (855), the ampicillin-susceptible rate was only 74.9% (Table 2), ' Gelelels e exas L4 (71G72insertion) Vancomycin 1 2 0.25-4 100.0/0.0/0.0
Staphylococcus aureus and streptococci. Among the detected cases and VRE rates varied by Census Region ranging from 8.4% 468169  S.epidermidis LongBeach  California 8O/ 128 "Xlgi’éﬁf(il'él?‘;‘sﬁs;’;iﬁ; E”teLr_"C"C‘i_'fss)C ) ) . 3106 101 A C K N OW L E D G E M E N T
. . . . . . . . . . . - ) nezoli ol . . .
F\).ESUH:S. — S EREms el organisms remains OL'IHGZO'IId re?s.tange’ talraget S::Le muta}'[uons ml 23tS rRT‘A' L3 an(lj L4 (WeSt North Central) to 30.3% (South-AtIantic) (data not ShOWﬂ). 470-39182  S. epidermidis San Francisco  California 52/M >128 cfr, L3LE1H(17‘;6GQ7’2\1$:::;{0'?‘357R)' SEPI470A Ampicillin 1 >8 <0.25->8 749/-/25.1
high (99.78% S). The MICs g, for SAwas at 1/1 pg/mL. ribosomal proteins have been the most prevaient mechanisms. in ofr, G2576T, L4 (G137S, Ciprofloxacin 2 >4 <0.03->4 46.3/8/458 The authors would like to thank all participating centers for
MRSA rates were at 47.2% (47.9% in 2013; declining addition, plasmid-encoded efflux-pump (optrA) and methyla_‘se (cfr « Linezolid was active against all S. pneumoniae with MIC;,;, MICy, 412-12722  S. epidermidis Memphis ~ Tennessee NA >128 H146P, F147Y, M156T), L4 Pip?eracillifl/tazobactam 4 >64 =0.5->64 -f-1- contributing isolates to this surveillance protocol. This study was
since 2007 [58.2%]). Among the LZD-non-S (NS) and cfr[B])_ genes have been detected among s_e\_/eral species of and MIC, o, of 1, 1 and 2 pg/mL, respectively (Table 2). Penicillin - | (71G72 insertion) Teicoplanin 2 >16 <216 79.9/1.6/18.5 sponsored by Pfizer Inc.
- R 413-48138 S. hominis Seattle Washington 38/F 8 cfr, L3 (M169L) Vancomycin 1 >16 0.25->16 78.4/0.4/21.3
_ Gram-positive isolates of human and animal origin. litv (MIC. 20.12 ua/ d f 0
MRSA, one strain harbored cfr only (MIC, 4 pg/mL), one non-susceptibility (MIC, 20.12 ug/mL) occurred at a rate of 41.5% 3036528 E.faecum  Charlotesvile  Virginia  42/M s G2576T (+) S. pneumoniae (874)
harbored G2576T (MIC, 8 ug/mL) and one contained cfr and ceftriaxone—non-susceptibility was only 7.2%. Erythromycin 461-4485 E.faecium  Fairbanks Alaska 62/M 8 G2576T (+) EFM461A Linezolid 1 1 <0.12-2 100.0/-/-
I i i i i ; i Penicillind <0.06 2 <0.06-8 58.5/27.8/13.7
and G2576T with L3 changes (MIC, =8 ug/mL). Amon and clindamycin resistance was high among all S. pneumoniae 461-16441 E. faecium Fairbanks Alaska 62/M 8 G2576T (+) EFM461A1 ' o
. ges ( . Hg/mL) . J M AT E R IA L S A N D M ET H O D S (45.9 and 17.2%, respectively; Table 2) 467-20417 E.faecium  LosAngeles  California  34/M 16 G2576T (+) EFM467Bb Amoxicillin/clavulanic acid =1 4 <1->8 88.8/45/6.8 R E F E R E N C E S
CoNS, six isolates, 0.75% of all strains (0.52% in 2013, ' e ’ ' 149.8280 £ taecium Atlanta Georgia S o ofr, G2576T (+) Ceftriaxone <006 1 <0.06-8 92.8/5.8/1.4
0.92% in 2012) demonstrated LZD MIC results of 24 Bacterial strain collection: A total of ram-positiv N - - : | | : Clindamycin 025 >2  <025>2  820/08/172 Clinical and Laboratory Standards Institute (2015). M100-S25.
(] . ) . < | = acterial strain co ect. o tota 0 6,865 Gram-positive . . Linezolid was active against all VGS and BHS (MICSOIQO’ 0.5/1 122 4664T E. faecalis I?urlmgton Vermont 58/F 8 - G2576T (-) S 012 516 <012.516 535 /0.6 /45.9 Performance standards for antimicrobial susceptibility testing: 25th
/mL. F f th dentified as S. epidermidis; 4 athogens from 60 medical centers in 36 states were submitted to One isolate each (from 2011) displayed th SEPI116D and SEPI116E patt the isolates from 2014
ug/mL. Five of these were identified as S. epl lais; pathog ug/mL for VGS and MICc,,, 1/1 pg/mL for BHS). Linezolid, a. One isolate each (from 2011) displayed the same 3 an - PATIEINS as Te [Soiaes Tom £5-4. Levofloxacin 1 1 0.25->4 98.2/0.3/15 informational supplement. Wayne, PA: CLSI.
) ) . .. . . . 50/90 b. PFGE profile distinct from the one noted for non-S isolates detected from this site during the 2013 (EFM467A) Program.
of which contained cfr in addition to the presence of JMI Laboratories (North Liberty, lowa, USA). The medical centers daptomycin, tigecycline and vancomycin (all 100.0% susceptible) Vancomycin 025 05  <0.1205 100.0/-/- Flamm RK, Farrell DJ, Mendes RE, Ross JE, Sader HS, Jones RN (2012).
mutations in the ribosomal proteins L3 and L4, alone or represented all nine USA Bureau of Census geographic regions. The . . . Viridans group streptococci (359)¢ LEADER Surveillance program results for 2010: an activity and spectrum
: .. : P : : : oty - : : were highly active those streptococci (data not shown). Linezolid 0.5 1 <0.12-1 100.0/-/- analysis of linezolid using 6801 clinical isolates from the United States (61
in combination with 23S rRNA (G2576T) mutations. Six strains were distributed among the following organism groups (no.): _ _ ) _ ooUL :
_ S. aureus (3,106), CONS (797), enterococci (855), S. pneumoniae _ _ _ _ _ _ Figure 1. MRSA and MSSA rate by year for the LEADER Program. Ceftriaxone 025 05 <0.06-8 96.7/1.9/1.4 medical centers). Diagn Microbiol Infect Dis 74: 54-61.
ENT (0.7%) were LZD-NS (24 pg/mL; G2576T mutations : 15 13, 1U0), ) ), =P _ * Table 3 displays the list of isolates with elevated linezolid MIC Clindamycin <025 >2  <025>2  88.3/08/10.9 Flamm RK, Mendes RE, Ross JE, Sader HS, Jones RN (2013). Linezolid
and one with an additional cfr). LZD was active against (874), viridans group (VGS; 359), and B-hemolytic streptococci values (24 pg/mL) in the 2014 LEADER Program. Among the 70 Erythromycin <012 8  <0.12>16  53.6/3.9/425 surveillance results for the United States: LEADER Surveillance Program
. (BHS; 874). The predominant sources for these pathogens were MRSA. one strain from Louisiana harbored onlv cfr (MIC. 4 Levofloxacin 1 <0.12->4  928/0.6/6.7 2011. Antimicrob Agents Chemother 57: 1077-1081.
all SPN and BHS with & MICsge 0f 1/1 pg/ml and VGS bacteremias, respiratory tract, SSSI, and urinary tract infections. / |_’ i trains from California harbored Gy2576(-|- ’d 60 Penicilin 006 05  =0.06->8  813/17.3/14 Jones RN, Farrell DJ, Sader HS (2011). Comparative activity of linezolid
with a MICgg,qo Of 0.5/1 ug/mL. SPN penicillin-NS (MIC, ’ ’ ' ulg mL), two Z ri'n(s r((_)“,ms aé' or;ua )ar ore and one - Vancomycin 0.5 0.5 <0.12-1 100.0/- /- against respiratory tract infection isolates of Staphylococcus aureus: An
also contained cfr (Ml -16 pg/mL). 50 " - B-hemolytic streptococci (874)" 11- t from the SENTRY Antimicrobial S ill P Int J
> 0 . : - N . 1 —— -— p year report from the ntimicrobial Surveillance Program. In
‘01':1_2 dghimlL) ocTur7re20(I)/at LI OF ALY Ene NS Antimicrobial susceptibility test methods: All susceptibility testing - el 1 1 0.25-1 100.0/- /- Antimicrob Agents 37: 584-585.
SEMELIONE Elf @l 7,27 was performed utilizing Clinical and Laboratory Standards Institute - Among CoNS, six isolates, 0.75% of all strains (0.52% in 2013, g Ceftriaxone <006 012  s0.06-05 100.0/-/- Jones RN, Fritsche TR, Sader HS, Ross JE (2007). LEADER surveillance
(CLSI) broth microdilution methods (frozen- and dry-form 96-well 0.92% in 2012) demonstrated linezolid MIC results of 8->128 E o CIin:amycin sg.i >2 500.1225->2 78.4;1.1;20.5 pr(_)grar|r_1 r_esmlj!ts 1|‘or 20f06: ar;]acglv_ltydagd ?pect5rgm ag_alylss o][‘ Ilnezgl_ld
: . g . . . . . E i <0. >16 <0.12->16 62.4/1.4/36.2
Conclusion: LZD demonstrates excellent activity and a plates; CLSI M07-A10, 2015) and published interpretive criteria ug/mL. Five of these organisms were identified as S. epidermidis: onfzzrxnayjnn 01 1o oioiealiele; ll:ﬂsilcr:‘?)t?icl)ﬁ]I|?]?€L§[OD?;e§9r%rg;-3el7 nited States (50 medical centers). Diagn
sustained susceptibility rate of 99.78% overall (99.62- (CLSI M100-S25, 2015). Linezolid-resistant isolates were confirmed four of which contained cfr in addition to the presence of 20 e MRSA - MSSA Penicillin <0.06 <0.06 <0.06-0.12 100.0/-/- Jones RN, Ross JE, Castanheira M, Mendes RE (2008). United States
99.83% during 2008-2013 LEADER Program). LZD MIC by frozen-form reference broth microdilution testing. Molecular mutations in the ribosomal proteins L3 and L4, alone or in 10 Vancomycin 025 05  <0.12-0.5 100.0/-/ - resistance surveillance results for linezolid (LEADER Program for 2007).
population distributions remained unchanged without testing was performed on isolates with elevated linezolid MICs (MIC, combination with 23S rRNA (G2576T) mutations. b lodos 23 apesie, Y the CLSI 2025 Diagn Microbiol Infect Dis 62: 416-426. o
evidence of “MIC creep” amona monitored. indicated >4 pg/mL) to identify resistance mechanisms (cfr, and 23S rRNA, L3 0 ¢ Includes eight species. . | Mendes RE, Deshpande LM, Castanheira M, DiPersio J, Saubolle MA,
’ ) ) ) . . riteria as published by the or Oral Penicillin breakpoints (<0.06/>2 pg/mL). ones . FIrst report of cir-mediate | inezolid |
i P ° ' ' ' ’ ' | « Six enterococcus (0.70%) were linezolid-non-susceptible (4-16 o o o P o o o o e Includos 23 species. o v ioforrmPeniclinbreakpoints (0,067 woimb) J RN (2008). First report of cf diated resistance to linezolid in
SpeC|eS. and L4 mUtatlonS) and pOtentlaI Clona“ty was evaluated USIng pUlsed ' . 0 . . p Year f.. Includes: StreF:)tocoécus pyogenes (342 strains), S. agalactiae (417 strains), S. dysgalactiae (113 human Staphylococcal clinical isolates recovered in the United States.
field gel electrophoresis (PFGE). ug/mL; G2576T mutations and one with an additional cfr). strains), S. equi (1), and S. pseudoporcinus (1. Antimicrob Agents Chemother 52: 2244-2246.




