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Background: Carbapenem-resistant ENT (CRE) have been Bacterial isolates. A total of 5,039 Enterobacteriaceae clinical * Meropenem-vaborbactam (MIC5, and MICg, <0.015 and 0.03 pg/ml) inhibited 1,979 of 1,981 (99.9%) of E. coli isolates at Table 2. Activity of meropenem-vaborbactam and comparator - Meropenem-vaborbactam was as active as
detected in various USA hospitals and most of these isolates produce isolates collected in 30 USA hospitals during 2015 were tested. =1 pg/ml. Two isolates displayed MIC values for meropenem-vaborbactam at 232 pg/ml. . : - : - - - .
KPC enzymes. We evaluated the activity of MER-VAB (formerly Isolates were consecutively collected according to standardized “ M i inst 94.3% of the 1.049 K 26 isolates tested at the CLSI breakooint. and antlmlcrOblal_agentS when teSted_agamSt 5’039 ISOlates of meropenem alone a_‘gal_nSt W”d_type ISOIateS’
RPX7009), that has enhanced activity against KPC-producing protocols from bloodstream infections (1,352 isolates), intra-abdominal eropeneémwas active against 4.5v ot the 2, - pneumoniae 1solates tested at the reaxpoint, and meropenem- Enterobacteriaceae collected during 2015 in USA hospitals. however, this combination was >32-fold more
isolates, and comparators tested against Enterobacteriaceae (ENT) infections (431), pneumonia in hospitalized patients (1,112), skin/soft vaborbactam inhibited 99.3% of these isolates at the same concentration. Only four K. pneumoniae isolates displayed : I”I d |
: ) : _ _ j _ L), _ [ _ ) » SKI ) Organism/group a a
isolates collected during 2015 in 30 USA hospitals. tissue infection (731), urinary tract infection (1,362) and other sites meropenem-vaborbactam MIC values >2 ug/ml and only one at >4 pg/ml (Table 1). (no. tested) MICg, MICqy Range cLsl EUCAST aCtI\./e when c_ompare to meropenem alone
Methods: 5039 ENT clinical isolates consecutively collected were (51). Only clinically significant isolates were included in the study (one  Meropenem-vaborbactam inhibited all K. oxytoca (278 isolates; MICy,, 0.03 pug/ml), E. cloacae (488; MICgy,, 0.03 pg/ml), Antimicrobial Agent %S %l %R %S %l %R against C_RE Isolates from USA hospitals
susceptibility (S) tested by reference broth microdilution methods for per patient episode). Species identification was confirmed when Citrobacter spp. (272; MICq,, <0.03 pg/ml), indole-positive Proteeae spp. (179; MICgy,, 0.12 pg/ml) and Serratia spp. (245; Enterobacteriaceae (5,039) collected in 2015.
MER = VAB (at fixed 8 pg/ml) and comparators. CRE was defined as necessary by Matrix-Assisted Laser Desorption lonization-Time Of MICg,, 0.06 pg/ml) at <2 pg/ml. This combination inhibited 300/301 P. mirabilis at <0.25 pg/ml (MICg,, 0.12 ug/ml; Table 1). Meropenem-vaborbactam 003 006  <0.015—>32 : : : : : :
an isolate resistant (CLSI criteria) to imipenem and/or meropenem. Flight Mass Spectrometry (MALDI-TOF MS) using the Bruker Daltonics Meropenem <0015 006 <0015—>32 980 03 17 983 07 10 . isol f :
CLSI, US-FDA (tigecycline) and EUCAST interpretative criteria were MALDI Biotyper (Billerica, Massachusetts, USA), following Amikacin 2 4 <0.25—>32 992 06 02 983 09 08 CRE isolates are a matter of great concern in
applied. W S L b Table 1. Activity of meropenem-vaborbactam (inhibitor at fixed 8 pg/ml) tested against gzetf“:;:em T E— = the USA and other regions worldwide. These
Results: MER-VAB (MICgyq,, 0.03/0.06 pg/ml) was very active Antimicrobial susceptibility testing. Al isolates were 5,039 Enterobacteriaceae isolates collected in USA hospitals during 2015. Ceftazidime 025 32  <0015—>32 864 10 126 837 27 136 isolates are resistant to 3-lactams and often
against ENT isolates and 99.7% of the isolates were inhibited at <1 o : ' : . isti . <0.06 — - - - : - : imi i i imi
ug/ml (MER S CLS| breakpoint)oand only four isolates had a MER- susceptibility tested using the reference broth microdilution method as Organisms / No. of isolates at MIC (ug/ml: cumulative %) e B f;’\'/'j:l'gxacm 3.32 :Z :8_83_23 —_ jé: — gi to other antimicrobial classes, which limits the
VAB MIC >4 pg/ml. MER alone inhibited 98.0% of the isolates at the described by the Clinical and Laboratory Standards Institute (CLSI). Organism Groups <0.015 003 006 012 025 05 1 2 4 8 16 32  >32 %0 % Piperacillin-tazobactam 2 16 <0.06—>128 920 35 45 800 29 80 therapeutic options available to treat
) : Meropenem was combined with vaborbactam at a fixed concentration : : . ) ) i
same concentration. Among 1,049 K. pneumoniae (KPN) tested, o . Enterobacteriaceae (5,039) ~ 2037 2337 522 99 16 8 5 8 3 0 1 1 2 003 0.6 Minocycline 1 8 =0.06 —>8 S e aa - - - infections caused bv these oraanisms
94.3% were S to MER and 99.3% of the isolates were inhibited by or: 8 ugf/ml-dCat?:goerC;I Interpretatlggs Sigga” C%m%aratorb agents Wered (404) (86.8) (97.2) (99.1) (99.4) (99.6) (99.7) (99.9) (99.9) (99.9) (99.9) (>99.9) (100.0) Tigecycline 025 1 <006—>8 980 20  0.I° 926 54 20 y g -
: ' : , those found in CLSI document M100-S26, EUCAST website or Unite 17 33 14 6 6 4 3 6 3 0 1 1 2 0.03 2 - ' I
MER-VAB at <1 ug/ml. MER-VAB was very active against other ENT et : : CRE(9) 17.7) (521) (66.7) (729) (79.2) (83.3) (86.5) (927) (95.8) (95.8) (96.9) (97.9) (100.0) CRE (96) Meropenem-vaborbactam is currently in a
: d inhibited 1979/1981 (99.9%) E. coli. 487/488 (99.8%) E States Food and Drug Administration (US-FDA) package inserts. < : . . : :
SlpeC|eS and I:?O(I)/:I’fgl bt (9 .b'IP) E. f(il, o] E<1- 0/) ) Quality control (QC) was performed using Escherichia coli ATCC ESBL non-CRE (530) B EN. N 003 003 Meropenem-vaborbactam 0-%3 22 -0-015_3;32 - - E— - — — final Phase 3 clinical trial for complicated
cloacae an : . mirabilis isolates tested at < ml. ) : : : : : : : : Meropenem 1 > 1—> 1 7. : 10.4 54 54, : . . .. : .
MER-VAB inhibited all(272 C(Z)i)trobacter spp. at <0.06 ug/ml and“a?ll 25922 and 35218, K. pneumoniae ATCC 700603 and BAA-1705 and P. Escherichia coli (1,981) 1401 563 14 0 0 0 1 0 0 0 0 1 1 <0015 0.03 Amikacin 8 32 0.5—>32 740 198 6.2 583 156  26.0 urinary tract Infections; a clinical trial StUdy IN
indole-positive Proteeae at <1 pg/ml. One S. marcescens isolate ae_{[rr:J_gmosa 'i‘TgC 27853 refereglf_:ehstéa_msé I’_A‘gl(gc MIC r?sults were | | (Z'g) (ii';) (93958) (998'8) (9368) (928) (929) (92-9) (92-9) (95(’)-9) (9‘;-9) (99;-9) (105-0) ., Aztreonam 516 >16 >16 — >16 00 00 1000 00 00 1000 patients with CRE infections is ongoing.
displayed a MER-VAB MIC result at 2 ug/ml, but the other 244 within acceptable ranges as published in ocuments. g%tgl)ellapneumomae (20.0) (93.4) (96.9) (97.6) (98.6) (99.1) (99.3) (99.6) (99.9) (99.9) (99.9) (99.9) (100.0) ' cefepime == — e _ 16.7 AR = _ o
isolates tested had MIC results at <0.5 pg/ml and 96.7% were S to o S Ceftazidime >32 W 2—>32 i 00 00 i 7.9
MER using the CLSI criteria. MER-VAB was very active against Definitions. ESBL-phenotype criteria were applied for E. coli, Kiebsielia oxytoca (278) (73 (6% (@98 (096 (096 (996) | (996) (100.0) . colistin 01 W =006—>8 ' ' : 777 EEE 223
isolates displaying an ESBL-phenotype without CR (n=530 [10.5% Klebsiella spp. (including K. pneumoniae and K. oxytoca) and Proteus Enterob | les 187 280 17 3 0 0 0 1 003  0.03 oorpenem y = = B 0 B 512
. irabilis displavi MIC of 22 ua/ml f ftri d4/ O oy COCACSPECIES 83 (95.7)  (09.2) (99.8) (99.8) (99.8) (99.8) (100.0) Levofloxacin >4 >4 <0.03 — >4 240 42 719 167 73 760
overall]; MICgg9, 0.03/0.03 pg/ml) and CRE isolates (n=96 [1.9% mirabilis displaying a of =« Hgimi for cetiriaxone and/or complex (489) ' ' ' ' ' ' ' ' Piperacillin-tazobactam 5128  >128  025—>128 10 73  9L7 10 00 990
overall]; MICxy90, 0.03/2 pg/ml) that included 55 KPN and 8 other ceftazidime a_nd/or aztreonam. Carl_aapenem—re_sstant o Citrobacter spp. (272) (éﬁ) (ggé) (10% 0 <0.015  0.03 Minocycline ) 8 05 _ 8 — = ) ) )
species. MER alone inhibited 98.0% of the ESBL non-CRE, but only Enterobacteriaceae (CRE) was defined as any isolate exhibiting an - ' - , . . . . . . oos ERE Tigecycline 0.5 2 0122 1000 00  00° 89.6 104 0.0 This project has been funded in part by the Department of
3.1% of CRE isolates using CLSI breakpoints. CRE isolates were imipenem (Proteus mirabilis and indole-positive Proteeae were not proteus mirabilis (301 (226) (79.7) (99.0) (99.7) (99.7) (99.7) (99.7) (99.7) (99.7) (100.0) ' ' ESBL non-CRE (530) Health and Human Services; Office of the Assistant Secretary
non-S to B-lactams (S rates ranged from 0.0 to 5.2%) and more included due to their intrinsically elevated MIC values) and/or Indole-positive Proteeae spp. 31 N 23 1 0 1 006  0.12 Meropenem-vaborbactam 003 003 <0.015 — 2 i i ) ) ) ) for Preparedness and Response; Biomedical Advanced Research
resistant to other antimicrobial classes when compared to overall ENT meropenem MIC value at =24 ug/ml. (179) (17.3) (86.0) (98.9) (994) (99.4) (100.0) Meropenem 003 BEED ETT— B -] - 1000 BEEE oG and Development Authority (BARDA), under Contract No.
isolates. Minocycline, colistin and tigecycline displayed the highest S Serratia spp. (245) 2 90 142 7 2 1 0 1 0.06  0.06 Amikacin 2 8 <0.25 — >32 975 1.9 0.6 93.4 4.2 25 HHS0100201400002 with Rempex Pharmaceuticals, a
rates (79.2, 77.7 and 100.0% S by CLSI, EUCAST and US-FDA (08)  (76) (959 (984) 1 (992) (996) 1 (99.6) (100.0) Aztreonam >16 >16 <0.12 —>16 185 123  69.2 7.0 115 815 wholly-owned subsidiary of The Medicines Company.
criteria) against CRE. Cefepime 32 >64 <0.03 — >64 277 149  57.4v 230 119 651
. . . . . Ceftazidime 32 >32 0.06 — >32 25.8 7.9 66.2 7.9 17.9 74.2
Conclusions: MER-VAB was very active against ENT isolates m Figure 1. Activity of meropenem alone and meropenem-vaborbactam against 96 CRE Colistin 012 025  <006—>8 - : : 051 - 49
recently collected in USA hospitals and the advantage of this ) ) _ . _
) ’ ) ) iSO | ates co | | eCted .I:ro m USA h 0S Ital S d rin 2015 Doripenem <0.06 0.12 <0.06 — 2 99.1 0.9 0.0 990.1 0.9 0.0
combination over MER alone was demon_strated m_CRE |s_olates that « Meropenem-vaborbactam (MIC., and MICg4,, 0.03 and 0.06 pg/ml) P uring : Levofloxacin >4 >4 <0.03 — >4 30.9 3.8 65.3 279 30 69.1 References
are less susceptible to other clinically available antimicrobials. inhibited 99.7% of the Enterobacteriaceae isolates tested at <1 Piperacillin-tazobactam 4 128  025—>128 789 96 115 67.0 119 211
kg/ml and all but four isolates (99.9%) were inhibited by this 35 Minocycline 2 >8 0.12—>8 721 98 181 - - - 1. Clinical and Laboratory Standards Institute (2015). MO7-A10.
combination at <4 pg/ml (Table 1). Meropenem-vaborbactam [l Meropenem ET'ge:’.V‘E'i”ZSD 025 N =006—8 BN 2° B 09 BN 2° Methods for dilution antimicrobial susceptibility tests for bacteria
. coli (1, that grow aerobically; approved standard-tenth edition. Wayne,
BaCK You nd « Meropenem alone inhibited 98.0% of the Enterobacteriaceae 30 Meropenem-vaborbactam 2001 BEEEE =015 255 i ] ) ] i ) PA: CLSI.
isolates at the CLSI susceptible breakpoint (€1 pug/ml; Table 2). Meropenem <0.015 0.03  <0.015—>32  99.7 0.0 0.3 99.7 0.1 0.2 o _
Carbapenems were often considered to be the antibiotic of last resort Among comparator antimicrobial agents, susceptibility rates ranged Amikacin ? ‘ 025—>32 LI 02 EEE 87 EEEER 02 2. Clinical and Laboratory Standards Institute (2016). M100-526.
{o treat serious infections caused by multidrug-resistant (MDR) from 80.9 to 99.2% (CLSI interpretative criteria), being lowest for - Azireonam <0.12 16 <0.12 — >16 85.0 2.9 12.1b 82.5 2.5 15.0 Perfqrmance _standards for antimicrobial SlJ.SCGDthIhty testing:
organisms or isolates producing B-lactamases, but these agents are levofloxacin and highest for amikacin, respectively. O geif i S00'2053 12 S006033_>36; :2'3 ii 11(1'; 22'2 2; 122 26th informational supplement. Wayne, PA: CLSI.
! — eftazidime . .03 —> . . . . . .
hydrolyzed by carbapenemases which include KPC serine- . e © Colistin 012 025  <0.06—>8 i i i 99.8 } 0.2 3. Drawz SM, Papp-Wallace KM, Bonomo RA (2014). New beta-
carbapenemases, OXA-48 and class B metallo-B-lactamases (MBLS) * Atotal of 96 (1.9% overall) CRE isolates were identified in this o Levofloxacin ooc S w003_>1 HEEE 1 BEGE c7c IEE 320 lactamase inhibitors: a therapeutic renaissance in an MDR
that have become disseminated worldwide. collection, including 55 K. pneumoniae isolates. CRE isolates ql_) Piperacillin-tazobactam 2 8 <0.06—>128 957 2.2 2.2 933 23 43 world. Antimicrob Agents Chemother 58: 1835-1846.
displayed high resistance rates to other antimicrobial agents and o Minocycline 05 4 <006 — >8 910 53 37 d _ _ _
The use of B-lactamase inhibitors combined with a B-lactam agent susceptibility rates for comparator B-lactams ranged from 0.0 to o Tigecycline 012 EEE <0.06 — 2 —— oo NG oy 4. EUCAST (2016). Breakpoint tables for interpretation of 'V”CS_
has been a successful strategy for overcoming B-lactamase-mediated 5.2% (Table 2). Among non-B-lactams, minocycline, colistin and z 15 K. pneumoniae (,049) and.zone diameters. Version 6.0, January 2016. Available at:
resistance; however, older inhibitors such as tazobactam, sulbactam tigecycline displayed the highest susceptibility rates (79.2, 77.7 and Meropenem-vaborbactam 0os BOEEE <0015 >3 - . - - - - http://www.eucast.org/clinical_breakpoints/. Accessed January
ano_l clavulanate are generally not acti_ve against isolates producing 100.0% susceptible, respectively) Meropenem 003 003  <0.015—>32 | 943 0.8 50 95.0 16 33 2016.
various contemporary B-lactamases, mcludmg KPC enzymes. _ 10 Amikacin 1 2 <0.25 — >32 96.9 2.3 0.8 95.1 1.8 3.1 5. Hecker SJ, Reddy KR, Totrov M, Hirst GC, Lomovskaya O,
Vaborbactam (formerly known as RPX7009) is a cyclic boronic acid - . Me_rqpenem—vaborbactam (I\_/IIC50 and MICgy,, 0.03 and 2 pg/ml) Aztreonam <012  >16 <012—>16 834 05 161 828 06  16.6 Griffith DC, King P, Tsivkovski R, Sun D, Sabet M, Tarazi Z,
!actamase inhibitor that has potent gc_tlwt_y_agamst Ambler cla_ss A, inhibited 86.5% of the CRE isolates at <1 pg/ml and_all but four Cefepime <0.03 32 <0.03 —>64 84.6 30 125 83.9 18 14.3 Clifton MC, Atkins K, Raymond A, Potts KT, Abendroth J, Boyer
including KPC, and C enzymes. This inhibitor has been combined (95.8%) of these isolates at <4 ug/ml (Table 1 and Figure 1). 5 Ceftazidime 0.12 [=s2 D08E==d2 SR 09 RN 81.5 EEEEEE 16.7 SH, Loutit JS, Morgan EE, Durso S, Dudley MN (2015).
ngf(‘:mergpe_”em’ eln?anmrr:g the act|V|tydotf this carbapentemt aé;allnst Meropenem alone was only active against 3.1 and 10.4% of the f;'/'j:l'zxacm g'éz Ojls Sg'gg_ :i — B 2471; — 12430 Discovery of a cyclic boronic acid beta-lactamase inhibitor
-producing Isolates when compared to meropenem tested alone. CRE isolates, respectively. I ' 05— ' ' ' ' ' ' (RPX7009) with utility vs class A serine carbapenemases. J
Piperacillin-tazobact 2 64  <0.06—>128 880 3.3 8.7 824 56 120 '
In this study, we evaluated the activity of meropenem-vaborbactam : - - - 0 err)]ir: Cclnl:e R 1 >8 <0.06 —>>8 842 51 108 Med Chem 58: 3682-3692.
Y, lU: | y orf p * Isolates displaying an ESBL-phenotype without resistance to <0015 003 0.06 0.12 0.25 05 1 5 4 3 16 37 >392 T yl. 0.95 X <0.06_8 99.0 10 0.1 031 SR " _ N
gnd coanara_tor antlmlclroblal aﬁle”tsd‘?‘_gaégsbg’gig als duri carbapenems (non-CRE) were all inhibited by meropenem- = ' : : : : - Ii?.fz::z T : : : : : : 6. Tamma PD, Cosgrove SE, Maragakis LL (2012). Combination
nterobacteriaceae isolates collected in ospitals during vaborbactam (MICq, and MICq,, 0.03 and 0.03 pg/ml) at <2 pg/m MIC (ug/ml) o Intermeqia&interpreteﬁ as susceptible-dose dependent (SDD). therapy for treatment of infections with gram-negative bacteria.
2015. (Table 1) c. Breakpoints from FDA Package Insert revised 12/2014. Clin Microbiol Rev 25: 450-470.
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