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Table 1. Epidemiology, antimicrobial susceptibility interpretations, and demographic information related to the S. epidermidis included in this study. It has been proposed that cluster 2-ll can be further subdivided into four groups, represented in this study by

CONCLUSIONS

AMENDED ABSTRACT MATERIALS AND METHODS

Molecular typing’ Antimicrobial susceptibility’ CC2-1I-5 (33/39; 84.6%), CC2-II-6 (2/39; 5.1%), CC2-11-85 (2/39; 5.1%) and CC2-11-89 (2/39; 5.1%:; Table 1).

Background: Linezolid-resistant Staphylococcus epidermidis clinical isolates Bacterial strain collection. A total of 69 S. epidermidis clinical isolates soke ke City CC ST OXA LZzD CIP CLI TET ERY GEN TEC SXT  MDR® Specimen® Age® Sex All S. epidermidis belonging to CC2 cluster | were methicillin (oxacillin)-resistant (20/21: 95.2%), except for one e Based on the PFGE ana|ysis, 2 great degree of

remain rare, and information related to the epidemiology of these strains is collected during the 2010 sampling year for the SENTRY Program were 322107 -}E)Y( II__IO?JL:SS\t(i)”r; gg 2122 i 2 ﬁ I; 2 2 : z : i \;V([; 22 |\F/| strain. Lower methicillin resistance rates were observed among CC2-ll (27/39, 692%) and other CCs (6/15, genetlc dlversrty (41 PFGE types) was Observed

limited. This study addresses the genetic background of linezolid-resistant included in this study. At least one methicillin-susceptible and one -resistant o e Kansas Gity . s = = = = . - = = . g e - y 40.0%; Tables 1 and 2). within this ¢ ontemp orary c ollection of S.

and -susceptible S. epidermidis responsible for infections in USA hospitals representative strains were selected, when available, from each USA medical 18201 MI Dtroit 32 ST358 s s S8 s s s s s s N WD 11 F Linezolid resistance was only observed among CC2-1 (10/21; 47.6%) and CC2-l (3/39; 7.7%) S. epidermidis epidermidis. However, this was expected due to the

during the 2010 SENTRY Antimicrobial Surveillance Program. institution contributing S. epidermidis. Additional strains were selected for :232220 ‘: Lﬁg;“;;k ;jg zgjg 2 2 2 : : g z 2 2 E ;g ;: m isolates. Among these strains, Cfr-mediated resistance was most often detected among CC2-I strains (3/4; i st : ot ’ o

Methods: A total of 69 S. epidermidis were selected. Representatives of each methicillin susceptibility group (up to 10% of total) from those medical 18001 LA NewOrleans 347  ST347 s s S s s s S s s N BC 0 M 75.0%; Tables 1, 2 and 3). applied strain seiection criteria.

methicillin-susceptible and -resistant strains were selected from each USA sites contributing more than twenty strains in the study period. When multiple 22541 MI Lansing 348 :Iggi : : : 2 2 2 : : 2 \N( Sg 5233 '\F/' All linezolid-resistant isolates demonstrated at least one amino acid alteration in L3 (Table 3). Modifications in e ST2 has usually been the most prevalent sequence

18461 M Detroit 360 . _ "
site contributing S. epidermidis (27 centers in 25 cities; 19 states; seven strains from a single site were included, isolates exhibiting different antimicrobial 18676 TX Galveston 2| ST16 R S R | s s S s s N BC o1 F 235 rRNA were also observed and these were only detected among CG2-1 isolates (8/10; 80.0%). In addition, a type observed in previous epidemiology studies
) J . . . "y " . . O
census regions). Susceptibility testing was performed by CLSI methods. susceptibility profiles were chosen. 49671 Wi Milwaukee 2-| ST16 R S s S s R s s s N BC 76 M glycine insertion at position 71 of L4 was detected in some strains (9/13; 69.2%). among nosocomial S. epidermidis worldwide
16644 TN Memphi 2-| ST16 R S S S S R S S S N BC 49 F L - : - : - . :
. . . pubility g. PUDIILY 9 P drugs), while 35.9% (14/39) and 26.7% (4/15) of CC2-Il and other CCs demonstrated this phenotype, respectively However, a greater proportion o 5 strains (21.7%)
rRNA-, L3- and L4. All selected isolates were subjected to multilocus . _— . - 25438 MA Boston 2-| ST2 R R R | S | R S R Y BC 61 M . .
by broth microdilution methods, according to the Clinical and Laboratory (Tables 1 and 2). detected th tud

sequence typing (MLST) and results were analyzed using éBURST to infer Standards Institute (CLSI) recommendations (M07-A8, 2009). Minimum inhibitor o " o N oo A A A | - | A A A . o . F Were getetted i TS Sty

the evolutionary relatedness of STs. Strains were also typed by PEGE and ’ | y 25437 MA Boston 2! ST2 R R R LS5 R R S5 R Y BC 26 M Analysis of Smal PFGE patterns clustered the S. epidermidis isolates included in this study into 41 major types o Th i ority of S » i ble f

concentration (MIC) interpretations were applied as described in M100-521 s rlouston o o A A AR Y N and 62 subtypes. Two PFGE types showed the highest number of strains (8/69; 11.6%) and were associated with € vast maority Or o. epiaermiails responsiole for

SCCmec. , 39867 TX Houston 2-| ST2 R R R | S R | S R Y SN 67 M : : : : :

(CLSI, 2011). Staphylococcus aureus ATCC 29213 and Enterococcus faecalis ciiE 1A New@rlsre s o - = m  0s & = B 8 = v — o v CC2-1 or CC2-1l (data not shown). infections in USA hospitals belonged to the major
; ' 27 STs among which, five h ' _ 38531 PA Hersh 2-| ST2 R R R S S S S S R Y SK 42 M ' 0
Resslts Overall, I\I/ILST a:IaIZSIS r:vel\j:_eg_l_ J S Z . O_”? Al 660359 ATCC 29212 were Concurrently tested for qua“ty asstrance purposes In 13036 KY Leiirsg,:/ n o] ST2 R 3 R R 3 R 3 S R v BC 60 M Table 2. Occurrences of antimicrobial resistance phenotypes according to clonal complexes among S. epidermidis clinical strains. CCQ " ThlS CC was mOSt represented (65 A)) by S
not been previously recorded in the atabase. The majorit ; iti ' ' ' ) : ' ; : A
P y . : y addition, the inoculum density was monitored by colony counts to assure an 29257 CT Farmington 2-1 ST2 R S R R S R R S R Y BC S0 M Resistance phenotype Clonal complexes® Occurrence Percentage (%) epldermldls CIUSte”ng Wlthln CCZ—”
87.0%) of STs belonged to clonal Complex (CC) 2, Comprlsed of CC2-ll (39/60; adequate number of cells for each testing event. 35921 PA Hershey 2| ST2 R S R R S R R S R Y% SK 2 M Methicillin resistance o 50/21 952 | |
65%) and 2-| (21/60; 35%), while the other STs clustered within CC23, 32 or S o i " Al ” 16669 NY New York 2| ST2 R S R R S R R S R Y WD 84 M ol 27/39 69.2 ® Although less frequent, Isolates belonglng to CC2-
. . . . creening for linezolid resistance mechanisms. inezolid-resistant i _ : . " : :
singletons. Among methicillin-susceptible S. epidermidis (19/69; 27.5%), 13 J 2849 N Lexington > °T2 > 5 R R SRR SR Y 50 6 F Other CCs o715 40.0 were more likely to exhibit antimicrobial resistance.
o . . . strains were screened for the presence of cfr, and mutations in the 23S rRNA Zlgre Ol el 2 S22 g 8B B & 8 | | 2 R v = gl i erolid resist o {0/ 476 S . . .
(68.4%) isolates were CC2-Il (one CC2-I), while 50 (72.5%) were methicillin- | | | | 2907 KY Lexington o] ST22 R R R R S | R S R Y BC 55 F Mieelier et ez il ' MethICIIIIn (95 2%) and IIneZOIId (47 6%) resistance
. . . _ _ and ribosomal proteins (L3 and L4) by PCR and sequencing. Amplicons were . N N o ay — = s = s s S = S = y - I 2-I| 3/39 7.7 ' : ’
resistant and mostly associated with CC2-1l (25/50; 54.0%) or CC2-| (20/50; 96 J ew Brunswic Other CCs 015 00 and a MDR ph en otyp e (80 9% ) were more common
. . . . | i i 10560 NY New York 2-| ST346 R S S S S R S S S N BC 5 M ' :
40.0%). Linezolid-susceptible strains (56/69; 81.2%) belonged mostly to sequenced on both strands. Ribosomal proteins obtained were compared to 30077 MN ;Wpac:; o] ST361 R S R S S S R S o v SK 63 M e tance® o B~ e CC2-| strain moared to CC2-11 S
I 7 Yo'l I . ultiarug resistance - . — — i
CC2-1 (36/56; 64.3%), and 11 (14.3%) strains were CC2-I. Linezolid-resistant those from wilatype S. epidermidis ATCC 12228 using the Lasergene® software 2763 AR LileRock 205 st R S S R s R S s s N BC 21 M . s - among Lz-1 strains compared 1o |
strains (13; 18.8%) originated from 11 USA sites. Cfr-mediated resistance package (DNAStar; Madison, Wisconsin). 28062 MO KansasCity 25  ST136 R s s s s R S 8 S N BC 6 F Other CCs 4/15 26.7 epidermidis (69.2, 7.7 and 35.9%, respectively).
| _ . | | 36018 MA Burlington 2-I-5  ST359 R S R S S S S S S N BC 5 M | | | | | | | | |

was associated with CC2-1(3/4; 75.0%), as were isolates possessing other Molecular typing. Multilocus sequence typing (MLST) was performed 4042 MO  KansasGity 215 STs R R R R S R S 8§ 8§ Y B 4 F v, GC547 (o ), GO348 (one sran) and G360 (one i), o Sl DIRerERs induce RS (o st B fwo sene, TR onestam, P e e This data suggests that CC2-| isolates may possess

resistance meChanismS (7/9, 778%) aCCOrdin tO the methOdS UinShed for S e IdermldIS ThOmaS et al. 2007 . 34374 M| Detroit 2_I1-5 ST5 R R R S S | R S R Y BC 50 M b. Multidrug resistance represents strains exhibiting a resistance phenotype to at least four different classes of antimicrobial agents. ] L ]

J | | P , 'O ( _’ ) 22291 TN Memphis 2-|I-5 ST5 R R R S S | R S R Y PL 53 M an enhanced CapaC|ty for vaL“Sltlon of forelgn

Conclusions: The majority of S. epidermidis responsible for infections in STs were determined using the S. epidermidis MLST databases (http:/www. 2969 A Des Moines ~ 2--5  ST5 R s R R R R S s R Y BC 50 M DNA. In addition, the presence of mutations in the

. . ) - )

USA hosbpitals were CC2. eBURST analvsis demonstrated that methicillin- mist.net/) and the eBURST method to infer the evolutionary relatedness of STs. 30328 KY Lexington 2-1-5 ST5 R S R S R R S S R Y PF 39 F e _ I . _

HosP _ | YIS EE _ _ . . . . 17996 LA NewOrleans 215  ST5 R s R S S R S § s N BC 40 M Linezolid ~__ Molecular typing Linezolid resistance mechanisms 23S rRNA, may confer a lower fithess cost for CC2-|

and linezolid-susceptible strains were predominantly associated with CC2-I, All selected strains were subjected to pulsed-field gel electrophoresis (PFGE). a0 M Setrot oile  STE = s R s s 8 s s s N ae o Isolate City State Ste  MIC(ug/ml) — cC MLST cfr 23S rRNA 13 L4 . . o

the most prevalent clone. In contrast, linezolid-resistant isolates appeared to Smal-digested genomic DNA was resolved in CHEF-DR Il (BioRad, Richmond, 17994 LA NewOrleans 215  ST5 R S R S S R | s R Y uT 80 F ;‘2224 Kagsas City :/l’”ssou” gg: 12 2::2 2: + :/NVI H146Q/‘\\/11ZF:—/A157R Vg strains, which may be more adapted to survive in

/ troit ichigan -1l- - 71372 i f
be associated with CC2-I, regardless of the resistance mechanism. California) and PFGE profiles obtained were analyzed using the GelCompar | S0079 — MN St. Paul >l SIS R s R S S5 S5 R S5 S N BC 9 M —_ M:ns;is Ter:n;iee o - N — ] e R AL - the hospital and/or adverse environment than other
| ) | o | N 42022 PA Hershey 2-|I-5 ST5 R S R S S S S S S N BC 62 M 772
software (Applied Math, Kortrijk, Belgium). Percent similarities were identified on 497 NE Omaha o-lI-5 S = s = s s s s s s . T o 18006 New Orleans Louisiana 448 32 2-| ST2 G2576T H146P/M156T WT CC2 clusters.
a dendrogram derived from the unweighted pair group method using arithmetic 30078  MN St. Paul 2-II-5  ST5 s s R R S R S 8 8 N U 2 M 58531 Hershey ~ Pennsylvania 453 52 2 S12 ] G2576T VISAL/MISeT Wi
| o N - - i AT — . . . = . - . . . N “c =y 39867 Houston Texas 024 64 2-| ST2 G2576T H146R/M156T Gy
INTRODUCTION averages and based on Dice coefficients. Band position tolerance and (2638 Y New York pilE - o o - o o - o o o \ A . . 37506 Houston Texas 116 64 o ST G2576T H146R/M156T G,
| S | optimization were set at 1.0% and 0.8%, respectively. Isolates showing similarity 29249 CT Farmington ol-5  ST5 s s R S S s s s s N BC 50 F SAns Houston s e 12t 2 21z - Lsiel mlaeldees 1Girz SELECTED REFERENCES
Staphylococcus epidermidis is ubiquitous of the skin and mucosal human cosfficient 295% were considered as genetically identical (subtype). while those S . S BT T E—— = s = | s . | - - . . w5 i 2907 Lexington Kentucky 107 128 2-| ST22 + WT V154L/A157R WT
= 0 , . . 3 (g . .
microflora. Infections caused by this species in immunocompetent patients o . J 4 | .y | 35037 NE Omaha o-lI-5 ST59 o S R S R S R S S v BC 1 . 25438 Boston Massachusetts 441 128 2-| ST2 G2576T G137S/H146P/M156R GB9R/,,Gy, 1. Clinical and Laboratory Standards Institute (2009). /\@7 A8. Methods for .dllgt/on antimicrobial
_ _ , o o with similarity coefficient between 80.0 and 94.9% were classified as genetically 34419 M Detroit oI5 ST5Q R s R s o s = s = v . e 25437 Boston Massachusetts 441 128 2-| ST2 G2576T G137D/H146R/V154L/M156T Gr susceptibility tests for bacteria that grow aerobically; Approved standard: eighth edition. Wayne,
occur when the integrity of the skin barrier is disturbed. The vast majority of related (type) o W New Brumewick  ols  STeo - - - - . - . - . \ e . 19676 Akron Ohio 004 2128 o] ST29 N WT H146Q/VA54L/A157R G, PA: CLSI.
infections have been associated with indwelling medical devices, such as yPe) vores  on o e s R s B s s mos s s N s e 38449 Tempe Aizona 426 >128 21 STIBS  +  C25%4T H146Q/V154L/AT5TR G > Vimealand Laboratary Slandards Tepute (B0, MTOD-S21. Berformance standaras for
antimicropial Susceptiolity testing. nrormationai suppiement. yne, . .
iIntravascular and intrathecal catheter systems, pacemaker electrodes, urinary 28061 MO Kansas City 2-11-5 ST7 S S R R S R S S R Y BC 3 M
_ _ _ R ES U LTS 8749 Wi Milwaukee 2-11-5 ST7 g g R R g R g g R % BC 59 F Figure 1. eBURST analysis of S. epidermidis CC2 using all 312 STs available in the MLST database as of September 2011. Each ST is represented by a 3 Mendgs RE’. Deshpande LN.I’ Farvell DJ, Spanu T, Fadda G, \.Jones. R.N (2019)' Assessmen?t O.f
linezolid resistance mechanisms among Staphylococcus epidermidis causing bacteraemia in
tract catheter and other polymer and metal implants, which are used as vehicles 59310 ™ Memphis o_|I-5 ST7 S S R S S R S S R N BC 50 M dot; lines connect single-locus variant. The blue dot ST5 represent the putative founder of CC2. Yellow dots represent putative subgroup founders. Pink Rome, Italy. J Antimicrob Chemother 6%' 5 35 gy 0335 J
' i~ A ' o+ . STs represent those observed here and previously recorded in the MLST database, while green numbers represent new STs detected in this study. Red ’ ' ' i '
to enter the host. * S. epidermidis originated from 27 centers in 25 cities (19 states; and ;;??5 ;2 Ne: Orleans 2::2 ;;73 i 2 2 ? : : z z : E ;(-; 22 E circles indicate STs associated with linezolid-resistant isolates and those inner black circles indicate STs associated with Cfr-mediated resistance. 4. Miragaia M, Carrico JA, Thomas JC, Couto I, Enright MC, de Lencastre H (2008). Comparison
N . . : - seven Census regions) and the majority (47/69; 68.1%) of strains were SR -l of molecular typing methods for characterization of Staphylococcus epidermidis: Proposal for
Overall, the rates of methicillin (oxacillin) resistance among S. epidermidis gions) jority ( 0) 5730 AR Little Rock oll-5  ST83 R S R R S R R S R v WD oM ¥ o clone definition. J Clin Microbiol 46 118-129.
exceed 70% in many institutions worldwide. It has been demonstrated that recovered from blood, followed by other less prevalent (<13% each) 13657  OH Cincinnat 2-II-5  ST83 R S R S R R S s R Y BC 59 M A e pe } 5. Miragaia M, Couto |, Pereira SF, Kristinsson KG, Westh H, Jarlov JO, Carrico J, Aimeida J,

: : - : : : specimen tvoes (Table 1). 48458 M Detroit 2-11-5 ST83 R S R S S R S S R Y BC 79 F 36—8::7 2?: 40/ 2300 169 [ 207 Santos-Sanches |, de Lencastre H (2002). Molecular characterization of methicillin-resistant
this organism possesses great capability for genetic recombination and gene P ypes ( ) 2674 NE Omaha 2-11-5 ST83 R S R S S S S S R N BJ 48 M 25;1\j2783 o B\ @JO o s q\ 45/ N . Staphylococcus epidermidis clones: Evidence of geographic dissemination. J Clin Microbiol 40:
acquisition, including resistant determinants. However, although antimicrobial : g 0 99300 ™ Memphis o_I-5 ST83 S S S S S S R S S N BC 37 M PR N 2% I S 430-438.
resistance can compromise therapy, treatment failure has been greatly * Among the 5. epidermicls isolates, 27 518 were observed. ST5 @175 2620 NJ- NewBrunswick 26— ST945 D A A R \ 5C AT ieoras \\/ S = 6. Thomas JG, Vargas MR, Miragaia M, Peacock SJ, Archer GL, Enright MC (2007). Improved

. . . - o . _ . and ST2 (1 7.4%) were most Commonly detected, followed by ST83 16675 NY New York 2_11-6 ST73 g g g | R g g g g N WD 60 = e 109 FARNNL " ' multilocus sequence typing scheme for Staphylococcus epidermidis. J Clin Microbiol 45: 616-
associated to this species ability to form biofilms on medical devices, which 8.7%), ST7 (5.8%) and ST59 (5.8%). Other STs had occurrences lower 117e UT  SaltlakeGity 2185  ST20 - - - - . - - . - y o N o o Z\ 2t AEh 619,
represents a common feature of many nosocomial pathogens. 70k 270 2700 5687 MO Kansas City ~ 2-1-85  ST20 R S S S S R | S S N uc 1* M o gt PN /ﬁ \2\?\ \; 7. Schoenfelder SM, Lange C, Eckart M, Hennig S, Kozytska S, Ziebuhr W (2010). Success through
than 4.5% (Table 1). 30259 M| Siefiiain 5_||-89 ST327 S S S S S S S S S N BC 30 M ‘52\1%130 - 4o g7 A 1\% 8 diyersit}/ — How Staphylococcus epidermidis establishes as a nosocomial pathogen. Int J Med
Several reports have described the occurrence of nosocomial outbreaks caused 1374 NJ  New Brunswick  2-1l-89  ST88 R s s s s s s s s N BC 80 F & /@ 5 { g Microbiol 300: 380-386.
: C e : : : : : : e The eBURST alagorithm clustered these STs into one maior clonal 1 Y 53 11g & 8. Wong A, Reddy SP, Smyth DS, Aguero-Rosenfeld ME, Sakoulas G, Robinson DA (2010).
by S. epidermidis, including linezolid-resistant isolates. This study addresses J _ J S e O, s el L et G TR L5750 Mk P i Tossmai L oo s s 7\198 iz Polyphyletic emergence of linezolid-resistant staphylococci in the United States. Antimicrob
the genetic background of linezolid-resistant and -susceptible S. epidermidis complex (CC) (CC2; 60/69; 87%), two minor CCs (23 and 32 [2/69; 2.9% | e i G GEe g 0, P e S e s | P S T R Agents Chemother 54: 742-748.
. . . c. MDR, multidrug resistance defined when isolate exhibited a resistance phenotype to at least four classes of antimicrobial agents. Jﬁﬁ’%/ 9 Ziebuhr W. Hennia S. Eckart M. Kranzler H. Batzilla C. Kozitskava S (2006) Nosocomial
responsible for infections in United States monitored hospitals during the 2010 each]) and five singletons (Table 1). CC2 was comprised of clusters d. WD, wound; UT, urinary tract; UC, urethral catheter; SK, skin; SN, sinus; BJ, joint/bone; CT, catheter; PF peritoneal fluid and; PL, pleural fluid. :f/[ . nrw, g o, ¥ er H, : y . - NOS
e. *represents months. 126 infections by Staphylococcus epidermidis: How a commensal bacterium turns into a pathogen.
SENTRY Antimicrobial Surveillance Program. CC2-11 (39/60; 65%) and CC2-I (21/60; 35%)). Int J Antimicrob Agents 28: $14-S20.
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