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A d d A b t t Ceftarc_)hn(_e fosamil is the p_rqdrug of ceftaroline, a new cephalos_porln with R It Table 2. B-lactamase (Enzymes) Arrays Detected among Enterobacteriaceae C I "
menae SlracC broad in vitro spectrum activity against Streptococcus pneumoniae and EeSUILS Strains that Met the Screening Criteria Collected in USA Hospitals (2010) oncliusions
o o Staphylococcus aureus, including methicillin-resistant strains (MRSA). ) _ o )
Background: Ceftaroline is a new cephalosporin with broad-spectrum Ceftaroline is also active against Enterobacteriaceae but has limited activity » Ceftaroline-avibactam (MICsp95, 0.12/1 ug/mL) inhibited 96.7% of strains at MIC range (ug/mL) « In this study, avibactam, when combined with ceftaroline, effectively
activity against Gram-positive (including MRSA) and Gram-negative against strains producing AmpC, extended-spectrum B-lactamases (ESBLS), <1 ug/mL (Table 1). The highest ceftaroline-avibactam MIC value observed | restored the in vitro activity of ceftaroline (MICgy,q0, 0.12/1 ng/mL) when
organisms. Avibactam is a novel non-B-lactam-f3-lactamase inhibitor that and carbapenemases, since ceftaroline is recognized as a substrate and was 4 pg/mL (one K. oxytoca strain with blagyy) Enzymes ooomances  Ceftaroline  avitactam Meropenem tested against Enterobacteriaceae clinical isolates from USA hospitals
inhibits Ambler class A and C enzymes, as well as some class D enzymes. hydrolyzed by these enzymes. However, the spectrum of activity of YTy - - — = that met the CLSI screening criteria for ESBL
We evaluated the activity of combined ceftaroline-avibactam against ceftaroline is expanded when combined with avibactam (formerly NXL-104), » Ceftaroline-avibactam was active against meropenem-susceptible CMY-2 5 8->32 <0.03-0.12 <0.12 _ _ _ _ _ _
Enterobacteriaceae with various types of B-lactamase, with most strains a potent non-B-lactam B-lactamase inhibitor that inhibits classes A, C and (MICsy00, 0.06/0.5 pg/mL) and -non-susceptible strains (MICgyqq, 0.5/2 CMY-2+CTX-M-14 1 >32 0.12 <0.12 » Ceftaroline-avibactam was highly active against strains that produced
carrying multiple B-lactamases. some D [B-lactamases. In this study, the activity of ceftaroline-avibactam was ng/mL), including KPC-producing Enterobacteriaceae clinical isolates CMY-2+SHV-33 1 32 0.12 <0.12 KPC, various ESBL t_ypes, anc_i plqsmld-medlated AmpC enzymes, as
| | evaluated against contemporary Enterobacteriaceae clinical isolates (MICgq 00, 1/2 pg/mL; Table 1) gi";';jf'\"'l : 8;?;2 SO-S003;)C;12 Soioz-l)?% well as those producing combinations of these enzymes
Methods: 3,061 blood culture isolates consecutively collected from 26 USA collected in USA hospitals confirmed to produce various types of enzymes, CTXM-14+ SHV-Kes TEM-1 . . 012 012 _ _
hospitals (20 states) during 2010 were susceptibility tested by CLSI and most strains carried multiple 3-lactamase-encoding genes. « Table 2 describes the B-lactamases identified among Enterobacteriaceae CTX-M-14+SHV-11+TEM-1 2 >32 0.25 <0.12 ) B-Igc;tamase prcr)]duc_:tlon ConSt'tEtis thg mtosjt relevar_llichB-Ia](c:tam th
methods. Klebsiella spp., E. coli and P. mirabilis strains were selected isolates that met the screening criteria (214/3,061; 7.0%). Among these CTX-M- 14+ TEM-1 1 b2 003025 <012 [:;';ﬁ”g?a?;‘ﬁn Bl b fgfff:ri‘fme j\fﬁ);’;fém)e b-
according to the CLSI ESBL criteria for further evaluation. Species that : 0 N d d. Th CTX-M-15 9 >32 <0.03-0.06 <0.12 b - _ )
: - Met h O d S strains 186 (86.9%) had at least one P-lactamase detected. The most CTX-M-15+OXA-1/30 16 2532 <0.03-0.12 <0.12 evaluated in this study represents a promising therapeutic option for
hyperexpress chromosomal AmpC were selected using cefepime MIC M- - 1/- _ T - : o : . :
_ _ prevalent enzymes were CTX-M-15 (64 strains) and OXA-1/-30 (34 CTX-M-15+OXA-1/30+PSE-like 1 >32 0.06 <0.12 further investigation for the treatment of infections caused by multidrug-
values of 22 pyg/mL. Selected isolates were tested by PCR and sequencing _ : : : " - M. ) . < : )
_ Bacterial Isolates. A total of 3.061 Enterobact lates f strains). In addition, both enzymes were often observed in the same CTX-M-15+OXA-1/30+SHV-1 1 >32 0.25 <0.12 tant Enterobact
for genes encoding TEM, SHV, CTX-M, PER, VEB, GES, PSE, OXA-2 acterial Isolates. A total of 3, nterobacteriaceae isolates from A oA 130e ey e TENL , - iae ins resistant Enterobacteriaceae.
) ) - H ) ] ) ) L, . . . . . . -M-15+ - + -1+ - ) -0. <0. -
OXA-10, OXA-18/-45 OXA-1/30 and plasmidic AmpCs bloodstream infections were submitted to JMI Laboratories in 2010 from strains (31 of 34) Ty ML OX AL /305 SHY-L L+ TEVA . e 0.05.1 016
’ ’ ' USA medical centers. Only one isolate per patient from documented CTX-M-15+OXA-1/304 TEM-1 5 -30 <0.03-0.06 <0.12
Results: 214 of 3,061 Enterobacteriaceae isolates (7.0% overall) were bloodstream infections was included in the study. Among those, Klebsiella * Narrow- and extended-spectrum SHV-encoding genes were observed CTX-M-15+SHV-1 3 >32 0.12-0.25 <0.12
selecte d.an 4186 ’(86 9%) had at least 1 B-lactamase 'i deontifie d. The most spp., Escherichia coli and Proteus mirabilis strains that met the Clinical and among 86 strains (mainly SHV-11 and SHV-32). Other less prevalent CTX-M-15+SHV-1+TEM-1 9 >32 0.06-0.5 <0.12-1 Referen ces
NN . ' Laboratory Standards Institute (CLSI) ESBL criteria were selected and enzymes were those associated to OXA-2 group (two occurrences), PSE CTX-M-15+SHV-11 2 >32 0.12 <0.12
prevalent enzymes were CTX-M-15 (67 strains) and OXA-1/-30 (35 included in this studv. In addition. Serrati Providenci : _ CTX-M-15+TEM-1 8 >32 <0.03-0.06 <0.12 . . . . . :
i) el @i wiee e ehssnes 1 (s eae siElis (@0 6 29) Included in this study. In addition, Serratia spp., Providencia spp., (five) and PER (one; Table 2) CTXM.27 X 32 0.03 <012 1. Bush K (2010). Alarming B-lactamase-mediated resistance in multidrug-resistant
’ y _ ) _ ' Citrobacter spp. and Enterobacter spp. isolates displaying cefepime MIC Enterobacteriaceae. Curr Opin Microbiol 13: 558-564.
SHV genes were detected in 87 strains (mainly SHV-11, SHV-32 and SHV- - CTXM-27+OXA-1/30 ! >32 =0.03 =0.12 - - -
oo ) T ity e A v I values of 22 ug/mL were selected. A total of 214 (7.0%) Enterobacteriaceae « Among plasmidic AmpC enzymes (20 occurrences), CMY-2 predominated CTX-M-27+SHV-11+TEM-1 2 >32 0.06-1 <0.12-05 2. Bush K (2008). Extended-spectrum B-lactamases in North America, 1987-2006. Clin
; 10 variants total). KPC-2, KPC-3, SHV-30, an - WETE alSo met the selection criteria. These strains were recovered from patients in 26 13/20: 65.0%) followed by FOX-5 (5/20: 25.0%). All CMY-2 pAmpC- CTX-M-27+TEM-1 1 >3 0.06 <0.12 Microbiol Infect 14 Suppl 1. 134-143.
: : . : ( ; 65.0%) followed by ( ; 25.0%). pAMp :
prevalent (17, 12, 12 and 12 strains, respectively). Ceftaroline-avibactam hospitals located in 20 USA states (nine Census regions). Species _ _ CTX-M-91+TEM-1 1 >392 5 <0.12 3. Castanheira M, Farrell SE, Mendes RE, Jones RN (2011). Contemporary (2010)
hibited tent inhibit ffect inst all strains producing B-lactam nospriais | : . c9 - =P . encoding genes were observed among E. coli, except for one gene DHA-1+TEM-1 1 >30 0.12 0.25 diversity of B-lactamases among Enterobacteriaceae collected from bacteremias in
exnipiied a potent INMIDILOry efiect against all strains proaucing p-iaciamase identification was confirmed by standard biochemical tests and the Vitek : : - : : - : ; : : | Pk
S - - - - ) ) detected in a Klebsiella pneumoniae strain, while blac,, - were noted in K. FOX-5+PSE 4 g.532 012-1 <0.12-0.25 USA hospitals: Report from the SENTRY program. Abstr. C2-1250. 51st ICAAC,
types encountered in this collection. The highest ceftaroline-avibactam MIC Syst bioM Hazelwood. MO). wh FOX-5 .
was 4 pg/mL (1 Klebsiella oxytoca with blagyy) and 96.7% of strains were ystem (bloMerieux Hazelwood, MO), when necessary. pneumoniae (three strains), and one strain each of P. mirabilis and FOX-5+SHV-11 . 32 0.25 <0.12 September 12-15, 2011, Chicago, IL, USA.

OXY ' . : N : I - 4. Castanheira M, Mendes RE, Woosley LN, Sader H, Fritsche T, Jones RN (2008).
inhibited at <1 pg/mL. Ceftaroline-avibactam was active against AntImICFObI§I| SU§C§Dtlbllltv Tes“”‘?'- Isolates were tested for Suscept'b'“tY by Enterobacter cloacae (data not shown) Ezg-;OXA-Z i :22 0%5 j Emergence of blacry, among Enteroybacteriaceae isolates in USA Hospitagls: Re)port
meropenem-susceptible (MICg,,q,, 0.06/0.5 pg/mL) and -non-susceptible th? broth m|Cr0d||Ut_|0n method using _96'We” frozen-form panels W|th_ cation- KPC-2+SHV-1+TEM-1 3 >32 0.25-0.5 8->8 from the SENTRY Antimicrobial Surveillance Program. ICAAC/IDSA, October 25-28,
strains (MICyy90, 0.5/2 ng/mL). adjusted Mueller-Hinton broth according to the (CLSI) recommendations. « Carbapenemase KPC-2 and KPC-3 were also prevalent (17 and 12 KPC-2+SHV-11 1 >32 1 8.1 2008, Washington, DC, USA.

The ceftaroline-avibactam combination was tested in 11 log, dilution steps of events, respectively) and these strains usually (27/29; 93.1%) exhibited a KPC-2+SHV-11+TEM-1 5 >32 0.5-2 >8 5. Castanheira M, Sader HS, Jones R N (2010). Antimicrobial susceptibility patterns of
Conclusions: Avibactam, when combined with ceftaroline, effectively ceftaroline (32 — 0.03 pg/mL) and a fixed concentration (4 pg/mL) of the B- non-susceptible phenotype to meropenem (i.e. MIC value of 22 ng/mL; KPC-2+TEM-1 4 >32 0.25-2 8->8 KPC-producing or CTX-M-producing Enterobacteriaceae. Microb. Drug Resist. 16:
lowers the ceftaroline MIC for Enterobacteriaceae that produce the most lactamase inhibitor (avibactam). Validation of the minimum inhibitory Table 2). EEEE?:&NEW 110 32>;23 i SO'(1)3_2 0'5;8 5 ggsi;heira M, Woosley LN, Brady KM, Jones RN (2009). High Prevalence of CTX
clinically significant B-lactamases found in USA hospitals. Ceftaroline- concentration (MIC) values was performed by concurrent testing of CLSI- NP ZACIDEUHS> SRV TIEN 2 =52 1 c-l | M Producing Is’olates and Er’nergence o’f KPC-encoding G.enes in the Western
- - - - - recommended (M100-S22) quality control (QC) strains: E. coli ATCC 25922 . . L . . KPC-3+CTX-M-15+ OXA-1/30+SHV-11+TEM-1 1 >392 05 81 : :
avibactam was highly active against Enterobacteriaceae that produce KPC, | Pseud ) ATCC 27853, 1n addit he i | Table 1. Ceftaroline-avibactam MIC Distribution Obtained against : : United States. ICAAC, September 11-14, 2009, San Francisco, CA, USA.
various ESBL types, and AmpC (chromosomally derepressed or plasmid and seudomonas aeruginosa - In addition, the inoculum Enterobacteriaceae Strains Producing ESBLs Selected for this Study OXAL/30 ! >32 0.12 =0.12 7. Clinical and Laboratory Standards Institute (2011). M07-A9. Methods for dilution
d t tored b | ts t d t b f OXA-1/30+SHV-7+TEM-1 1 8 0.12 <0.12 e : e , -
NS " L cells for each testing event. Interpretation of meropenem MIC results was in No. of isolates (cumulative ) inibited at ceftaroline-avibactam MIC (ug/mL) of: OXA-2+SHV-1+TEM-1 ! 32 0:25 =012 Standard: Ninth edition. Wayne, PA: CLS|
Ceftaroline-avibactam represents a promising therapeutic option for accordance with published CLSI breakpoint criteria (M100-S22) Organi d 003 006 012 0.25 0.5 1 2 4 OXASTSHVITHTEM-L > 1> =0.0505 =012 8. Clinical a.nd Laborator .Standar’ds I.nstitut(.e (2012). M100-S22. Performance
. . . . . - . . test <0. . . . . . . - .
treatment of infections caused by multidrug-resistant Enterobacteriaceae. P P rganisms (no. tested PER-1+SHV-12+TEM-1 1 >32 1 <0.12 cramdarde for antmiorbial suscentibiity tasing. 2om .
) ptibility testing: 22"9 Informational Supplement.
: N : All organisms (214) 45(21.0) 59(48.6) 38(66.4) 21(76.2) 27(88.8) 17(96.7) 6(99.5) 1(100.0) SHV-1 2 0.06-0.12 0.06 0.5-8
Genotypic Characterization of B-lactamases. Screening for 3-lactamase- SHV-14 SHV-124 TEM.L ) -3 012 <01 Wayne, PA: CLSI.
encoding genes (bla;gy, blagyy, blacry.m, blages, blaygg, blapgg, blapse, E. coli (93) 39(41.9) 43(88.2) 10(98.9) 1(100.0) - - - - SHV-L+TEM.1 X o322 012 <0.12 9. Livermore DM (1998). B-lactamase-mediated resistance and opportunities for its
; blagg,, blagya.o blagya.1o and blagya 10, blagxa.is aNd blagya.ss, and blagyy) K. pneumoniae (74) 56.8) 9(189) 22(486) 15(689) 11(838) 9(95.9) 3(1000) - SHV-11 3 32->32 <0.03-0.12 <0.12 control. J. Antimicrob. Chemother. 41 Suppl D: 25-41. |
I n t r O d u Ctl O n was performed by Slngle (bIaTEM and blaSHV) or Comblnatlons Of multlplex Others (47) 1(2.1) 7(17.0) 6(29.8) 5(40.4) 16(74.5) 8(91.5) 3(97.9) 1(100.0) SHV-11+SHV-5+TEM-1 1 >32 0.12 <0.12 10 Pitout JD, Laypland KB (2008) EXtend_ed-SpeCtrum B-|actamase-pl‘0dUCIn_g
reactions. Plasmidic AmpC-encoding genes (bla bla bla SHV-11+TEM-1 1 >32 0.12 <012 Enterobacteriaceae: An emerging public-health concern. Lancet. Infect. Dis. 8: 159-
_ _ ) ) - P gg CMY-1-411 CMY-43-44> CMY- Meropenem-susceptible (179)  44(24.6) 56(55.9) 36(76.0) 17(85.5) 18(95.5) 6(98.9) 1(99.4) 1(100.0) SHV_11+TEM-155 1 S22 0.06 <012 166.
Infections caused by Gram-negative organisms represent a serious problem 49y Placox 1.7, Plascc 1.4y Plaact 1.7, Dlapya.is, blajarq, blayk.1s, blayow.t.7) were  col 93 oeL9) 43652 10089 11000) _ _ _ o e— ! 2 e 012
in hospital settings. Gram-negative bacilli are currently responsible for 40 - screened using a multiplex reaction. Selected isolates exhibiting imipenem ' | ' ' | | SHV-2 L - 1o 095
60% of all pneumonias, approximately 70% of urinary tract infections (UTI) or meropenem MIC results of 22 ng/mL were screened for carbapenemase K. pneumoniae (50) 480) 8240 21(66.0) 11(88.0) 5(98.0) 1(100.0) - ' SHV-24TEM-1 1 32 0.06 <012 Acknowledgments
- 0 I in i i I i Oth 36 1(2.8 5(16.7 5(30.6 5(44.4) 13(80.6) 5(94.4 1(97.2 1(100.0 -
and 23 30_/0 of bacteremias in intensive care unit (ICU) patients. These gege; by PCR (bllzIaIMP_, blay, bIaSP'V"ll.’ blaypc, bIaSME_,f _blgllM,,de;lN,r]C_A, bl?]|GES ers (36) (28) 5(16.7) 5(30.6) 5(44.4) 13(80.6) 5(944) 1(97.2) 1(100.0) z:zig 411 4222 Osl(;f)(fs <0S1(;-10225 This study was supported by Forest Laboratories, Inc. Forest Laboratories, Inc. was involved
Gram-negative pathogens often exhibit decreased susceptibility or and blagy,.45). Following PCRs, amplicons were purified and both strands Meropenem-non-susceptible (35) ~ 1(3.0)  3(11.4) 2(17.1) 4(28.6) 9(54.3) 11(85.7) 5(100.0) - S ) - 120 0120, in the study design and decision to present these results. Forest Laboratories, Inc. had no
resistance phenotypes to several agents, challenging the antlm_lcrob|al were subjected to sequencing. Nucleotides and deduced amino acid % BRuETEe (24) 1(42) 1(83) 1(125) 4(29.2) 6(54.2) 8(87.5) 3(100.0) - - s Lo 0.06.0.5 <012 involvement in the analysis, collection, and interpretation of data.
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