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A b stract | Nntro d Ul Ctl on ReS U I ts « Among the linezolid resistant CoNS, all seven isolates were S. Table 3. Isolates with elevated or resistant-level linezolid MIC values (24 pg/ml) in
epidermidis. There were two cfr containing isolates which also the 2015 LEADER Program.
. . . . . .. . . . . .. . . i I i i i . . Linezolid . .
Background: Linezolid (LZD) is active against Gram- The LEADER surveillance program has monitored linezolid activity, « The activity of linezolid against the targeted six Gram-positive organism groups in the ggziz:zgg rLgI\;An C";‘rl‘_i rrlrlmot?tzct)ircr)]r?; %ﬁ;e'r]l_?eutzun?;; ng?c?ulfgl)?fained Organism Ciy S@le e ugimi Resistance mechanisms PFGE®
e . . . . . . i i I i _ ihili . S. aureus Long Beach California 8 G2576T
positive (GP) organisms such as MRSA, drug-resistant (R) spectrum and resistance rates in the United States (USA) since 2004. _2015 LEADER Program is presenteql in Table 1. Linezolid non suscep_tlblllt_y occurred one or more mutations in rDNA gene(s) and either L3 or L3 and L4 S epidermidis  LongBeach  California s G2576T, L3 (v154L, M1S6T)
S. pneumoniae and vancomycin-R enterococci that are R . . . . in S. aureus, CoNS, and enterococci. There were only 11 non-susceptible isolates . S. epidermidis Memphis Kentucky 128 G2576T, L3 (Q136L, H146R, M156T), L4 (71G72 insertion) ~ SEPI412F
_ This program has provided information on the emergence of 0 ' mutations. S. epidermidis Houston Texas 16 L3 (V96D, H146Q, V154L, A157R), L4 (71G72 insertion) SEPI116G
(99.8% susceptible)
to conventional drugs. The LEADER program has resistance mechanisms to linezolid which have included ribosomal ' ' S. epidermidis Houston Texas 16 C2534T, L3 (H146Q, V154L, AL57R), L4 (71G72 insertion) ~ SEPI116E1
monitored the activity of LZD and comparator agents since . _ _ _ _ o Three enterococcus (0_3 /0) were linezolid-non susceptlble (4 8 S. epidermidis Houston Texas 128 C2534T, cfr, L3 (V154L, A157R), L4 (71G72 insertion) SEPI116E
) ) ) ) Linezolid was hiahl otent against S. aureus. exhibitina a MIC at 1 ml. Its . S. epidermidis Houston Texas >128 C2534T, cfr, L3 (H146Q, V154L, A157R) SEPI116E
At - - mutations and mobile mechanisms such as cfr and optrA. Overall in ghiy p 9 ’ 9 50/30 HY KMg/ml), and one of these contained optrA. dermidis Wi -
2004. Molecular characterization of isolates with elevated _ o T activity was similar for MRSA and MSSA (MICgq, for MRSA and MSSA was 1 pg/ml). ’ cfaccals " Miaukes " Wiscansin 4 e
LZD MICs has been an integral part of this program. the LEADER Program, linezolid resistance has remained below 1%. Resistance rates were high for MRSA for erythromycin (84.0%), levofloxacin (67.6%) N | e faccium Houston Texas : G25761
and clindamycin (26.9%: Table 2) Table 2. Linezolid activity compared to other agents when tested in the E faccium E— T —— g G2576T. L3 (KI5T)
. . . T . ' 0, ! ; [ ulsed-fi sis. i Wi so observed in a linezolid-resistant is uri survei .
e A il ol BT S AUl (SA) o Coagulase_ Linezolid was the first oxazolidinone class agent approved (2000) in 2015 LEADER Program, 6,741 isolates. a. iFleeEdS:‘Eelljdl1gle(lsélE;:%%Z%riOtega(?iliegr;%is;;?nltzi;Iaattzsalco(?lggezrdi?inngaz(l)lii ;)r:gzrgm.tant olate collected during the 2014 surveillance program
. ’ . : .. . C e ey . : : : MIC (ug/ml) CLSIa
negative staphylococci (CoNS), 973 enterococci (ENT) the USA for clinical use. Linezolid is indicated for the treatment of The MRSA rate was 45.9%. It has declined annually in the LEADER Program since Organismiantimicrobial agent — " — — ” —
! ! ] . . . . ] I o) (no. tested) 50 9 0 0 0 -
850 S. pneumoniae (SPN), 236 viridans group streptococci complicated skin and skin structure infections (cSSSI) and nosocomial 2007 when it was 58.2% . aureus (3,031) conc | usions
. . . . . Linezolid 1 1 <0.12—8 >99.9 = <0.1
- - . illi icilli i 0 i i i <0. <0.25 — > . . . . . - . . .
(VGS), and 727 B-hemolytic s'_[r(?ptococm (BHS) frc_)m 60 pneumonia caused by Gram-positive pathogens. This compound has The oxacn_lln (methicillin) reS|sta_1n_c_e rate fgr CoNS was 58.8%. Or_1|y daptqmycm gnd g!r;?:nr?yy;: 025 >2 025 —>2 oie 03 153 + In the 2015 LEADER Program, linezolid activity was shown to remain high
medical centers were susceptibility (S) testec! aga!ns_t LZD emerged as a valuable parenteral/oral agent for the treatment of vancomycin at 100.0% iusceptlblllty and I|_nezoI|_d (99.2% susceptible) exhibited high Eryteomyci = -2 =0.05_>2 do7 E 57 with a MIC,, value for all Gram-positive organism groups tested at 1 pg/ml.
and comparator agents by reference broth microdilution infections caused by Gram-positive organisms, such as methicillin- 2:rsr?e??grblcljlgNrgterZ é:l?c(l)l ef)s’sTSfb(IJi;c)i.lli-rl;hsi gggéggﬁ’it;/‘ I((':I'g.%gioe 011:)0-5/ 1 pg/ml was the Lewfoaci 02 om0 10 o7 Of the 6,741 isolates tested from 60 USA medical centers in 35 states, there
methods. LZD-R isolates were confirmed by Etest . . . : : clracycine ~ ~ o ' ' | ' ' - ible i .89 ible).
] y resistant Staphylococcus aureus (MRSA), and vancomycin-resistant Tigecycline 0.06 0.12 =0.015—05 100.0 ' - et @iy 1 inezole) nen-suseeaisle seleles (Bl stepemiloE)
(bloMerIeux’ Hazelwood’ MO) and repeat reference S ) o Tr|methopr'lm-sulfamethoxazole <0.5 <0.5 <0.5—>4 98.4 = 1.6 ) ) )
_ _ enterococci (VRE). « The VRE rate among the enterococci was 21.6% (3.6% for E. faecalis isolates and Vancomycin 0.5 1 <0.12 —2 100.0 0.0 0.0 * In the 2014 LEADER program, 8/15 (53.3%) of the linezolid non-susceptible
testing. PCR and sequencing was performed to detect : : : : : : - . aureus, methicillin-resistant (1,391) : :
_ ’ 68.9% among E. faecium; Table 2). Linezolid was highly active against enterococci, Linezolid 1 1 <012—8 99.9 : 0.1 isolates harbored cfr. In this 2015 LEADER Program, only 2/11 (18.2%)
mutations in the 23S rRNA, L3, L4, and L22 genes, and for exhibiting a MICy,4, at 1 ug/ml and 99.7% susceptibility. Among the enterococci e L e — - AR linezolid non-susceptible isolates harbored cfr (both of which were S.
the presence of acquired genes (cfr, optrA). \Y/ et h 0O d S tested, the ampicillin-susceptible rate was 100.0% among E. faecalis (no. 676) and Enthromycin . . <0.06 >0 125 35 8.0 epidermidis), indicating that although cfr is potentially highly mobile, the cfr
. entamicin < < <1—> . . o o o o .
only 15.6% among E. faecium (no. 270, data not shown). Levofloxacin 4 >4 0.12 — >4 30.7 17 67.6 rate did not show an increase in the most current surveillance year.
Results: LZD activity against 6,741 GP organisms was Bacterial strain collection: Tenacydine e o amo -0 Y . o . .
high (99.8% S). The MIC.. . for SA, MRSA, and MSSA was y _ « Against S. pneumoniae, high rates of susceptibility were seen for amoxicillin- Trmethoprim-sufamethoxazole 05 <05 <05— >4 07.2 - 28 * Other resistant mechanisms included (no. isolates with at least one
g 070 D). 50/90 > » € « Atotal of 6,741 Gram-positive pathogens cultured in 60 USA (35 clavulanate (95.2%), ceftriaxone (98.4%), levofloxacin (99.3%), linezolid (100.0%) CVanclomycin _ — 05 1 <0.12—2 100.0 0.0 0.0 mutation/class): C2534T (3), G2576T (6), L3 mutations (8), L4 mutations (4),
. . . . T . ) ! ) ! ) ! ) ! oagulase-negative staphylococci (924 . “ . ” . .
at 1/1thpg|/mlt. T'hf,tMRSA rate, Wthllc5h9r:;s geCLI:neNdSeaCh year states) medical centers (including medical centers specializing in penicillin (96.7%, parenteral non-meningitis breakpoints), and vancomycin (100.0%; Lilr?e;olid ’ e 05 1 012—>8 99.2 : 0.8 and optrA (1; E. faecalis). Overall, the “all organism” linezolid-resistant and
. y . . . . Clindamycin <0. >2 <0.25 —>2 71.5 2.3 26.2 _ i i i 1 i1Fi i
over the las Zlg years, W;':‘S at 4. : or LONS, / children’s healthcare) were selected to represent all nine USA Table 2). Linezolid MICsqq, values were 1/1 ug/mi, respectively (Table 2). paptormyein o o i T : _ non SUSCGF())UUG rate (0.16%) is not higher than what was identified in the
MRCONS, an MS(_:ONS’ t_ € MiCsgpg0 for LZD was.0.5 1 Census Bureau regions (4-9 sample sites/region and 502-1,073 Erythromycin and clindamycin resistance was high among all S. pneumoniae (42.9 Gertario’ 21 = s 89 21 190 2005 (0.24%) LEADER Program.
ug/ml. LZD was active against all SPN and BHS with a . . and 14.4%, respectively; Table 2). Levofloxacin 0.25 >4 <0.03 — >4 58.3 1.9 39.7 L L . .
. isolates/region). Tetracycline ST s P — e 14 e  Longitudinal monitoring for novel emerging resistances to new agents
MICg/g0,01 /1 Higiml and VG S withian MIC5qe; 050,511 : - , : : : : : Tigecycline 0.06 0.12 =0.015—0.5 ) : - provides a valuable tool for tracking antimicrobial activity for that agent and
ug/ml. SPN penicillin non-susceptibility (NS; MIC, =0.12 « The isolates were distributed among the following organism groups  Linezolid was active against VGS (MIC¢q9, 0.5/1 pg/ml) and BHS (MIC;/q,, 1/1 Trimethoprim-sulfamethoxazole <05 4 <0.5—>4 74.6 - 25.4 . : . ) S
: y ’ 7 B _ _ mb. L lid. d o f d in (all 100.0% ibl Vancomycin 1 2 <0.12 —2 100.0 00 00 other antimicrobial classes with a similar spectrum of activity.
“g/m|) occurred at a rate of 36.8% and ceftriaxone-NS at (nO.)Z S. aureus (3,031), CoagUIase'negauve Staphy|OCOCCI (CONS, Mg/m ) Inezolid, aptomyCIn’ tlgecyc Ine and vancomycin (a -U70 Susceptl e)1 Enterococci (973)°
i _ . i i i i Linezolid 1 1 <0.25—8 99.7 0.1 0.2
1.7%. There was one LZD-R MRSA (MIC, 8 ug/ml), which 924), enterococci (973), Streptococcus pneumoniae (850), viridans were highly active against those streptococci (data not shown). Ampicilin A 6 <058 766 - 234
. . . Levofloxacin 1 >4 <0.5—>4 59.3 1.7 39.0
harbored G2576T alterations. Among CoNS, seven S. group streptococci (VGS; 236), and B-hemolytic streptococci (BHS; - Among the 11 linezolid non-susceptible isolates (Table 3) there was one S. aureus Reckon Lo 2 W8 098 S s Acknowledaements
epidermidis (0.76% of all 2015 CoNS isolates compared to 727). (MIC, 8 pg/ml), seven CoNS (MIC, >8 pg/ml), and three enterococci (MIC, 4-8 pg/ml). Vancomycin 1 >16 <0.5—>16 783 0.1 216 g
. . . S. pneumoniae (850) . L. . . . . . .
0.75% in 2014, 0.52% in 2013 and 0.92% in 2012) Th : : : nezol _ i i The authors would like to thank all participating centers for contributing isolates to this surveillance
' . ese pathogens were recovered from patients with bacteremia, : . . _— . Linezolid 1 1 0.25 —2 100.0 _ participating 9
demonstrated LZD MIC results of 216 pg/ml. Four of these . P J _ _ _ p. _ _ » The linezolid resistant S. aureus was a MRSA from Long Beach, California harboring Penicillin <0.06 1 <0.06 — 4 96.7 3.3 0.0¢ protocol. This study was sponsored by Pfizer Inc.
- . . A icillin/clavulani id <0.03 2 <0.03 —>4 95.2 2.9 1.9
et e e s ek i ] (o o e Fealftoes respiratory tract infections, skin and soft tissue infections and a G2576T mutation (Table 3). e o 1 T S 1.2 T
g y _ _ - urinary tract infections. Clindamycin <0.12 >1 <012 —>1 85.0 0.6 14.4
were clonally-related (two contained cfr in addition to _ N _ _ o Enthromycin 0.0 >2 <0015 —>2 56.5 0.6 429 References
mutations in other drug target sites). The other resistant Table 1. Number of isolates inhibited at each linezolid MIC when testing six different groups #3’;'3;?:"; 0125 >14 <062152__>>2 ggi 82 109-77
- g targ ' _ Antimicrobial susceptibility test methods: of Gram-positive cocci isolated from all USA census regions (LEADER Program, 2015); 6,741 Vancomycin 0.25 0.25 <0.03— 05 100.0 : § 1. Clinical and Laboratory Standards Institute (2015). M07-A10. Methods for dilution antimicrobial susceptibility tests
CoNS had combinations of 23S rRNA/L3/L4 alterations. Al il _ ‘ d utilizing broth microdiluti isolates. Viridans group streptococci (236) for bacteria that grow aerobically; approved standard- tenth edition. Wayne, PA: CLSI.
. . . i susceptl I |ty testlng was periorme uti 1ZINng roth microdilution Linezolid 0.5 1 <0.06 —1 100.0 - - 2. Clinical and Laboratory Standards Institute (2016). M100-S26. Performance standards for antimicrobial susceptibility
One E. faecalis harbored optrA, while two E. faecium had _ . _ No. of lSoates al MIC (na/m- camuiative 99 Ceftriaxone 0.12 05 <0.03 — >4 97.5 0.8 17 testing: 26th informational supplement. Wayne, PA: CLSI.
i i methods (frozen-form 96-well plates; CLSI M07-A10, 2015) and Organisms / Organism Groups <0.25 05 1 > 4 8 -8 Clindamycin 0.03 >2 <0.015—>2 83.5 0.4 16.1 3. Flamm RK, Farrell DJ, Mendes RE, Ross JE, Sader HS, Jones RN (2012). LEADER Surveillance program results
G2576T mutations in 235 rRNA. . . . . . Erythromycin 0.5 >4 <0.03 —>4 47.5 4.7 47.9 for 2010: an activity and spectrum analysis of linezolid using 6801 clinical isolates from the United States (61
pUbIlShed |nterpret|ve criteria (CLS| MlOO_SZG’ 2016) Staphylococcus aureus (3,031) 26 (0.9%) 1186 (40.0%) 1773 (98.5%) 45 (>99.9%) 0 (>99.9%) 1 (100.0%) Levofloxacin 1 2 <0.03 — >4 91.9 0.8 7.2 medical .centers) [))/ia 0 MFi)0r0bi0| Infeci/Dis 24 461 g
MSSA (1,640) 11 (0.7%) 571 (35.5%) 1023 (97.9%) 35 (100.0%) Penicillin <0.03 0.5 <0.03 —>4 80.1 17.4 25 - Dlag ' ' . . . . _
Conclusions: These in vitro results show continued potent - Linezolid-resistant isolates were confirmed by repeat broth Vancomycin 05 05 <0.06—1 1000 ' ' R e R oSS S, o R . e S hance results forthe United States:
Qe ' P yrep MRSA (1,391) 15 (1.1%) 615 (45.3%) 750 (99.2%) 10 (99.9%) 0(99.9%) 1 (100.0%) B-haemolytic streptococci (727) LEADER Surveillance Program 2011. Antimicrob Agents Chemother 57: 1077-1081.
activity of LZD. LZD R phenotypes remain uncommon mi crodiluti on testing. Coagulase-negative staphylococci (924) 107 (11.6%) 562 (72.4%) 240 (98.4%) 8 (99.2%) 0 (99.2%) 0 (99.2%) 7 (100.0%) Linez-ond 1 1 05—1 100.0 i , 5. Flamm RK, Mendes RE, Hogan I?A, Ross JE, Farrelll DJ, J_oneg RN (2015). In vitro activity of linezolid as assessed
( 1 (y) q + el S id ot . MSCoNS (381) 51 (13.4%) 232 (74.3%) 97 (99.7%) 1 (100.0%) Ceftriaxone <0.03 0.06 <0.03 —0.25 100.0 - - through the 2013 LEADER surveillance program. Diagn Microbiol Infect Dis 81: 283-289.
<1%), and most Isolates were S. eplidermidis carrying . . . . . % % % % % % % Clindamycin 0.06 >2 <0.015 — >2 78.7 0.4 20.9 6. Jones RN, Farrell DJ, Sader HS (2011). Comparative activity of linezolid against respiratory tract infection isolates of
ltiol hani f . ol . Molecular characterization was performed on isolates with elevated MRCONS (543) >0 (10.3%) 330 (71.1%) 143 (97.4%) 7 (987%) 0 (98.7%) 0 (98.7%) 7(100.0%) Erythromycin 0.06 >4 <0.03 —>4 60.8 1.0 38.2 Staphylococcus aureus: An 11-year report from the SENTRY Antimicrobial Surveillance Program. Int J Antimicrob
multiple R mechanisms. cfr-carrying isolates remain rare linezolid MICs (MIC, 24 ug/ml) to identify resistance mechanisms Enterococcus spp. (973) 26 (2.7%) 267(30.1%) 605 (92.3%)  72(99.7%) 1(99.8%) 2 (100.0%) Levofloxacin 0.5 1 0.06 — >4 99.3 0.4 0.3 Agents 37: 584-585.
and associated with clonal dissemination. while detection of 1T Enterococcus faecalis (676) 11 (1.6%) 192 (30.0%) 429 (93.5%) 43 (99.9%) 1 (100.0%) Penicillin <0.03 0.06 52-03_0-12 100.0 - - 7. Mendes RE, Deshpande LM, Castanheira M, DiPersio J, Saubolle MA, Jones RN (2008). First report of cfr-
. i i ’ . (Cfl’, OptrA, and 23S rRNA, L3 and L4 mutations), and pOtential intra Enterococcus faecium (270) 14 (5.2%) 65 (29.3%) 164 (90.0%) 25 (99.3%) 0 (99.3%) 2 (100.0%) Va”_cor_nyc'n _ 0.25 9.5 =006 —1 100.0 - - mediated resistance to linezolid in human staphylococcal clinical isolates recovered in the United States. Antimicrob
a newer mobile resistance mechanism (optrA) emphasizes , . . . : Streptococcus pneumoniae (850) 3 (0.4%) 193(23.1%) 620 (96.0%) 34 (100.0%) a. Criteria as published by the CLSI [2016] Agents Chemother 52: 2244-2246.
o site clonality was evaluated using pulsed field gel electrophoresis Virid 236 14 (5,990 L34 (62790 66 (100.0% - Breakpoits flom FDA Package Insert revised 12/2014 8. Mendes RE, Flamm RK, Hogan PA, Ross JE, Jones RN (2014). Summary of linezolid activity and resistance
the need for mOﬂltOflng- iridans group streptococci (236) (5.9%) (62.7%) (100.0%) d. Parenteral nonmeningitis breakpoints (2/4/28 pg/ml) mechanisms detected during the 2012 LEADER surveillance program for the United States. Antimicrob Agents
(P FG E) B-haemolytic streptococci (727) 180 (24.8%) 547 (100.0%) e. Nonmeningitis breakpoints (£1/2/24 pg/ml) Chemother 58: 1243-1247.




