A-4

ASM 2011

JMI Laboratories
North Liberty, 1A, USA
www.jmilabs.com

319.665.3370, fax 319.665.33/1
rodrigo-mendes@jmilabs.com

Analysis of Linezolid Resistance Mechanisms and Epidemiology of
Cfr-producing Strains in the United States

SENTRY

ANTIMICROBIAL
SURVEILLANCE

R. E. MENDES, L. M. DESHPANDE, M. CASTANHEIRA, R. N. JONES
JMI Laboratories, North Liberty, lowa, USA

ABSTRACT

mutations in the 23S rRNA, L3 and L4 ribosomal proteins isolate 22689 showed a PFGE profile similar to that of Percent similarities were identified on a dendrogram
Background: The majority of linezolid-nonsusceptible Linezolid was introduced into clinical practice in 2000, and were screened by PCR and sequencing. Amplllcons were NRS382 (USA100), while S. aureus 1848 and 22631 gﬁ[;]vri(;tfgoggraegtejgv;ilgfgt:ge%acl)rnggi)gggzi?igirl:;lngBand e (Cfr-producing staphylococcal strains remain
strains possess G2576T mutations. Alterations in L3 and
. . . infections, including those caused by methicillin-resistant were compared to those from wildtype ATCC strains using (USA300; Figure 1). 0.5%, respectively. Isolates showing similarity coetficient USA hospitals participating in the SENTRY
L4 ribosomal proteins and the plasmid-encoded Cfr have . the Lasergene”® software package (DNAStar; Madison | >80% were considered as genetically related. S. aureus T, - -
Staphylococcus aureus (MRSA). Since the early development J J ’ ’ . . . . . J 4 . Antimicrobial Surveillance Program.

Iso been implicated in i lid resi W h | , , Wisconsin). e All cfr-carrying S. epidermidis were associated with CC2 NRS382 (USA100) and NRS384 (USA300) were included

also been implicated In linezolid resistance. VWe report the . .
and use of linezolid, the occurrence of resistance has been _ and 85.7% of the strains (four clonally related) belonged for comparison purposes. PFGE profiles of S. aureus | | |
. . . . . . L j j fi i O Cluster I, wnicn Incluae a single-locus varian representative isolates belonging to USA type scheme :
collected from USA hospitals. associated with target site mutations in rRNA and ribosomal hospital were sgbjected to pulged field gel electrophoress _ . . D Mo 9ing yP observed in the last two years of the program
PFGE). Smal-digested DNA Ived in CHEE- of ST2; two strains) and ST186 (a double-locus variant of (USA100 - USA1100; data not shown). S .
i i i ( ). Smal-digested genomic was resoived in (11 strains in 2009 - 2010) compared with
proteins. These target site alterations are usually due to . . . . _ . P
. . ) o DR Il (BioRad, Richmond, California). PFGE profiles were ST2; four strains). . n g in O 5
Methods: Staphylococci (27,298) submitted as part prolonged in vitro or clinical drug exposure. . . Glonalty previous years (three strains in 2007 — 2008).
analyzed using the GelCompar |l software (Applied Math, e PEGE its indicated th S dermidi . L .
of the SENTRY Program (2007 — 2010) were tested for _ o y . . results Indicate e presence ot o. epigermiais prot solate PFGE _ spa  MLST Clonal dissemination was observed in one
9 The cfr gene has been recognized as an additional and Kortrijk, Belgium). PFGE patterns of S. aureus strains were strains (2007 - 2010) with indistinguishable profiles in a s s s T —edical center
susceptibility by reference CLSI methods. Isolates with mobile linezolid resistance mechanism, since it has been compared with those from representatives of USA100 — 1100 dical center located in Ar o 496) In addit s useo 0w -
linezolid MIC values at >4 pug/mL were screened for cfr and found almost exclusively on small plasmid DNAs (17- to 43- clones. The cfr-carrying strains were further characterized IS e Dmaee T e isite 420). In add o : o IO e A . -
= e | by single (spa: S. aureus only) and multilocus sequence isolate 12676 was genetically related to those responsible m los | Usweo oo oTe e Although all strains displayed an antimicrobial
mutations in the 23S rRNA-, L3- and L4-encoding genes. kb). Cir CaUS?é post—transcr.lpnonal methylatllon. of the 23S typing (MLST). spa types were assigned through the Ridom for a multi-city outbreak in Ohio hospitals (Bonilla et al., o e susceptibility profile compatible with Cfr
cfr strains were selected and further evaluated. Clonality "RNA at position A2503, which affect§ th? b'nd'_ng_Of §everal web server (http://www.ridom.de/spaserver/). MLST alleles 2010). production, three S. aureus were linezolid
was accessed by PFGE, spa (S. aureus only) and MLST. other drug classes. Recently, a mutation in the intrinsic rimN, and sequence types (ST) were identified using the MLST susceptible (MIC, 4 pg/mL). These results may
Strains were identified by Vitek 2 and confirmed by 163 which encodes a rlbc.)?.omal methyltranSferase that_moc_jlfles database (http:/www.mist.net) and the eBURST program Table 1. Cfr-producing staphylococcal strains recovered from USA hospitals as part of the SENTRY Antimicrobial Surveillance Program (2007 — hinder the detection of such strains and facilitate
y y the 23S rRNA at position A2503 in S. aureus, was implicated (http://eburst.mist.net) was utilized to infer the evolutionary 2010). local strain/gene dissemination.
rBRNA. IN a S||gh'|:|y decreased SUSCeptlblllty to linezolid. relatedness among STs. Linezolid Molecular typing Alteration in ribosomal proteins
Organism |solate State Year Site MIC (ug/mL) CC MLST spa PFGE® 23S L3 L4 o C f d . S . d . d ft
Results: Only 14 (0.05%) cfr strains were detected durin The objective of this study was to evaluate the phenotypic RESULTS S. aureus 737 Ohio 2007 004 8 8 ST239 1037 - WT WT WT r—prf) umng - €pI gr mi .’S Yvere often |
- PNy 7P J ot - 272 Ohio 2009 004 16 5 ST5 002 - WT WT WT associated with mutations in ribosomal proteins
_ , , and molecular characteristics of Cfr-producing 7 Kentucky 2009 007 6 ; S5 1000 ) - W W | | |
2007 - 2010. Linezolid MIC results in S. aureus were staphylococcal clinical isolates collected in USA hospitals e Only 14 of 27,298 (0.05%) staphylococcal strains carrying 1848 Marvland 2009 101 ) - ara 108 USASOD s T s (L3 and/or L4), which may explain the higher
' ' . . . ' ' ' 22631 Michi 2010 460 4 8 ST8 t008 USA300 WT WT WT ' ' '
between 4 and 16 pg/mL, and these strains were wildtype and submitted as part of the SENTRY Antimicrobial cfr were detected durllng this four year period of the N 22631 cnigan 2010 o ‘ ; o8 1008 UsAs0C w " o linezolid MIC results when compared with
for ribosomal mutations (23S, L3 and L4). Coagulase- Surveillance Program (2007 — 2010). SEI\_ITRY Program. Within _2007_ - 200&_3’ three cir -p0§ltlve S. epidermidis 3147 Arizona 2007 426 >128 2-| ST186 ~ NA  SEPI426A  C2534T  H146Q/V154L/A157R 71_72insG S. aureus isolates.
| | _ o strains were observed, while six and five Cfr-producing 2104 Arizona 2008 426 >128 2| ST186  NA  SEPI426A C2534T  H146Q/V154L/A157R 71_72insG
negative staphylococci (CoNS), mostly S. epidermidis, MATERIALS AND METHODS staphylococci were detected during 2009 and 2010, 2174 Arizona 2009 426 >128 2|  ST186  NA  SEPI426A  C2534T  H146Q/V154L/A157R 71_72insG
. . . . 38449 Arizona 2009 426 >128 2-| ST186  NA  SEPI426A C2534T  H146Q/V154L/A157R 71_72insG
showed higher linezolid MIC values (8 - >128 ug/mL) respectively (Table 1). 4042 Missouri 2010 449 16 o5 ST5 NA NA WT A5TR WT SELECTED REFERENCES
- : TR .- - - . . e . 2907 Kentucky 2010 107 128 2-| ST22 NA NA WT V154L/A157R N158S
and these strains were often associated with ribosomal Clinical strains. A total of 27,298 staphylococcal strains e Table 2 shows the antimicrobial susceptibility profile of cfr - i 010 004 o8 . ST A A e H4BONA5AL AT N158S/71 79insG © Glnical and Laboratory Standards Insttute. Methods for dlution antimicroi
mutations. Two S. aureus isolates were sequence type were submitted as part of the SENTRY Program (2007 - strains included in this study. Except for one strain, S. capitis 4593 Michigan 2009 003 8 NA NA_ NA NA WT WT WT susceptibility tests for bacteria that grow aerobically — Seventh edition: Approved
. . . : . g A raa) 6 el W o tandard M07-A8. CLSI, Wayne, PA, USA, 2009.
(ST) 8 and t008 (USASOO), Wh|le S epidel’midis were ST5 201 O) Cfr-pOS|t|Ve Stra|nS (SIX S aureUS, seven S epldermldls g au,:'sus Wsre rIT.]e.thKI;I”_;:n .reSIStant, as were the le\tl.A, PFggf;pinzlwzzLerf?rxzd for epidemiological purposes in isolates recovered from the same medical institution. PFGE profiles of S. aureus were evaluated according to the USA100-1100 scheme. 5 SBan”arH Huband MD. S Zyrl]j Schmidt H. L M. McCurdyv SP. L
- : —epidermidis clinical strains. . onilla H, Huban , oeidel J, Schmidt H, Lescoe M, McCurdy SP, Lemmon
(clonal complex [CC] 2, cluster 1I-5), ST22 (CC2, cluster |) .and one S Ca.p ltis) were selected for further analysis and .,O | MM, Brennan LA, Tait-Kamradt A, Puzniak L, Quinn JP (2010). Multicity outbreak of
included in this study. e All included strains demonstrated elevated MIC results — _ — _ . _ . _ linezolid-resistant Staphylococcus epidermidis associated with clonal spread of a
and ST186 (CC2, cluster |). S. epidermidis from Arizona . . . . . Table 2. Antimicrobial susceptibility profile of cfr-carrying staphylococcal strains recovered from USA hospitals and selected for this study. cfr-containing strain. Clin Infect Dis 51: 796-800.
| Antimicrobial susceptibility testing. Susceptibility testing to those antimicrobial agents (phenicols, lincosamides, MIC (ug/mL tibility category]®
were cIonaIIy—reIated. | .- e oxazolidinones, pleuromutilins and streptogramin A; 5 | o - m— — -~ - = (Mg mV)IéSUSCGP | (l)lxx"a\ca egoryg)IP — — = 5 VTS 3. eragalq M, Carrico JA, Thomas JC, Couto I, Enright M.C, c.le Lencastre H (2008).
was carried out by reference broth microdilution methods . _ rganism SCELE Q Comparison of molecular typing methods for characterization of Staphylococcus
" he Clinical and Lab Standards Inst ’ PhLOPS,) affected by the post-transcriptional methylation S. aureus 737 8 [R] >8 [R 64 >64 [R]  >128 [R] 8 [R] 16 >2 [R >4 [R] >8 [R >8[R]  <0.03[S] 025[S] 0.5]S] epidermidis: Proposal for clone definition. J Clin Microbiol 46: 118-129.
Conclusions: cfr genes were rare In the studied according to the |n.|c:a an a OratOry ta:n_ ards _ nS_tIt_Ute of 23S rRNA (A2503) caused by Cfr. 212 16 [R] >8 R >64 >64 R >128 R 2 I 4 >2 R >4 Rl <1 S 0.5 [S] 0-25 _:S_: 0.25 S 15 4. Miragaia M, Couto |, Pereira SF, Kristinsson KG, Westh H, Jarlov JO, Carrico J,
: : - . (CLS|) recommendations (MO7'A8, 2009)- Minimum |nh|b|t0ry : - : : 1848 4 1Sl >8 :R: >64 >64 :R: >128 ;R; 2 :I: 4 >2 :R: SO'S_ [s] = :S: e 0.12 S US| U9l Almeida J, Santos-Sanches |, de Lencastre H (2002). Molecular characterization of
population. S. epidermidis often possessed multiple . . . e Three S. aureus strains exhibited linezolid MIC results at 1687 16 [R] >8 [R! >64 >64[R]  >128 [R 211 4 >2 [R >4 [R <1[S]  025[8] 025[8] 05[] 1[S] aillinres A . Evi -
" - - - - - - methicillin-resistant Staphylococcus epidermidis clones: Evidence of geographic
concentration (MIC) interpretations were performed as . _ - 22631 419] >8 [R 64 >64[R]  >128[R 21 4 1[S >4 [R <1[S] <012[S] 0.25[S] 025[S]  0.5][S] B B
linezolid resistance mechanisms, which can explain the described in the CLSI M100-S11 document (2011), when the breakpoint for susceptibility (4 pg/mL), while the other 20689  4[S] >8R] 64  s64[R %2R 2 : 2[R s4[R] >8R <012[S] 006[S] 05[S = 1[S dissemination. J Clin Microbiol 40: 430-435.

, , , | | . ’ S. aureus showed MIC values of 8 or 16 pg/mL. All S. epidermidis 3147  >128[R]  >8[R 64 >64 [R]  >128 [R] 4 [R] 8 >2 [R >4 [R 8 [R 025[S] 012[S]  0.25[9] 2 [S] 5.  Thomas JC, Vargas MR, Miragaia M, Peacock SJ, Archer GL, Enright MC (2007).
hlgher MIC results Compared with S. aureus. This StUdy available. Retapamulln MIC results were mterpreted S. e,oidermidis demonstrated linezolid MIC results 2104 >128 R >8 R >64 >64 R 64 [R] 2 1] 8 >2 R >4 R >8 R 1[S] 0.25 _jS_j 0.25 [9] 2 S Im.prov.ed m.ultiloc.:us sequence typing scheme for Staphylococcus epidermidis. J
describes the second cfr report in a S. aureus USA300 according to the microbiological parameters reported ' ' o ZISIL 8T et e el o 2 ° A B O S “lin Microbiof 45: 616-615.

escr P ' 9 9 P P (=128 pg/mL) higher than S. aureus, except for one isolate 38449  >128[R] >8R 64 >64[R]  >128 [R] 1[S] 8 >2 [R >4 [R 8 [R] 2 [9] 0.12 [S] 0.5 [S] 2 [9] 6. Tygaci. Philadelohia, PA: Wyeth Pharmaceuticals; 2009

ni - by Traczewski et al. (2008). Susceptibility breakpoint MIC, 16 pg/mL). 042 B[R S8IRL >64 G4 R 1S 4 2 4R SIS <012(§) 006[S] 0255 11S | | - .

strain in the USA. The cir SelL= has mOStIy emerged n : Y : : ( ) P Y P : : ( , H9 ) 2907 128 [R] >8 [R] >64 >64 [R] >128 [R] 2 [I] 8 >2 [R >4 [R] >8 [R] <0.12 [S] 0.12 [S] 0.5[S 2 [S] /. Wong A, Reddy SP, Smyth DS, Aguero-Rosenfeld ME, Sakoulas G, Robinson DA

S. epidermidis CC2 cluster | or II-5, which are clones Interpretation for tigecycline was based on the FDA critenia o (Cfr-producing S. aureus exhibited wildtype L3 and L4 12676 >128[R]  >8[R >64 >64[R]  >128[R] 2]l 16 >2[R]  >4[R 8[RI  025[S] 012[s] 055 2[S (SimtO)- F;\ol.\{_ph.yletli)c:me;geg;e of Itrezgzd—?;ezsi;;znt staphylococci in the United
for S. aureus (305 ”g/mL for Suscept|b|l|ty) S. aureus ib | tei Table 1). | i ; S. capitis 4593 8 [R] >8 [R] >64 >64 [R >128 [R 1 [S] 4 <0.25[S] <0.5[S] <1 [S] 0.25 [S] 0.12 [S 0.5 [S] 1 [S] ates. Antimicrob Agents Chemother 54. -748.

comonly associated with linezolid resistance in the USA. | ribosomal protein sequences (Table 1). In contrast, o | | | | o | - o | o

4 ATCC 29213 and Enterococcus faecalis ATCC 29212 were alterations in the L3 and L4 proteins were commonly " for igeoycine was based on FDA oritera for S. aurbus. S, susceptible I, mermediate; and R, resistant. LZD, Inosolics RET,retapamaiin Tia, famuli; GL1, lindamycin; GHL. chlotampeniool Q/D; cuinapristn dalioprstins VIR, vitginamyorn: 5 Traczewsii MM & Brown SD (2005). Froposed MIG and disk diffusion
. . T OXAgonlcillin' CIP, ciprofloxacin; GEN, gentamicin; TET. ’Eetracycpline' TIG tigecycline" DAP oiaptomycin VAI,\I vancor;lycin’ ° | | | | . | " | a " " | e o mlcroblologlcal cutoffs and spectrum of activity of retapamulln, a novel toplcal

concurrently tested for quality assurance purposes. observed among S. epidermidis. | ” ” _ - b ” | antimicrobial agent. Antimicrob Agents Chemother 52: 3863-7.

INTRODUCTION

Screening for ribosomal protein mutations. Presence of

S. aureus strains belonged to ST5 or ST8. In addition,

PFGE pattern analysis of S. aureus included in this study.

CONCLUSIONS
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