Activity of Aztreonam Combined with the Beta-lactamase Inhibitor Avibactam Tested against Metallo-B-lactamase-producing Organisms
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AbStraCt IntrOd uc“on_cont Resu |tS'COnt Table 4. Activity of aztreonam alone and in combination with

Table 1. Metallo-3-lactamase types and bacterial species tested

during this study. avibactam (fixed 4 mg/L) and comparator antimicrobial agents when
o o . | | | NO. of No. of tested against 130 MBL-producing Gram-negative isolates (P.
Objective: To evaluate the in vitro activity of aztreonam (ATM) Avibactam (formerly NXL104) is a non-@-lactam {-lactamase  Aztreonam-avibactam (MIC;,, 16 mg/L and MICy,, 64 mg/L; Table MBL isolates  MBL (total solates fluorescens/putida isolates were not included in this analysis).
alo_ne_, ATM combined with awbe_actam (AVI) gnd comparator Inhibitor that inhibits Ambler class.es A (eg, ESBL, KPC),_ C _(AmpC), 4) was the most active B-lactam compound tested against 47 (total no. by no. of by CLSpe EUCAST
?nttlmlcrobl?l\l/laBgLe)nts tgstgd agall?zt a coIIe_cilont(z;c metallo-bte_ta- and sotrlne classthenzym?s.anld(;lke Iother B-tlactgglafe |n2|b|tor:~:t MBL-producing Pseudomonas spp. strains and the activity of of |sola(tes)) Erganlsm " species isolate?) ) Or?(anism species Antimicrobial agent MIC., MICq Range %S/ %R %S / %R
actamase -producing multidrug-resistant Gram-negative currently marketed or in clinical development, avibactam does no _ IMP-1 (29) A. baumannii 9  VIM-1(20) C. koseri 1 All Enterobacteriaceae (68)
. S o L aztreonam alone (MIC;,, 16 mg/L and MIC,,, >64 mg/L; Tables 2 N .
strains. The emergence of NDM-producing isolates has renewed inhibit MBLs. However, due to the broad and potent inhibitory effect 44 - ( ﬁo f J _9b° J bt A. Iwoffii 2 E. aerogenes 1 Aztreonam-avibactam 0.25 1 <0.03 - 8 -/ - -/ -
discussions about the threat and limitations to therapeutic options that avibactam has against serine-B-lactamases, a combination of and 4) was similar to that 0 aztreonam-avibactam combination A. radioresistens 1 E. cloacae 5 Qizrfzggmmhazobactam >f2526 :26546 52'83;2;54 ii";;;g'i 287'89/ 8750:,36
for infections caused by MBL-producing organisms. this inhibitor with a monobactam might be a viable therapeutic (Table 2). All other compounds, except colistin (100.0% E. cloacae ! K. pneumoniae J Cefepime 64 >64 1_>64  11.8/809 15/912
option to treat infections caused by organisms that produce MBLs susceptible) exhibited very limited activity against this species E col _ i E stuartl ; Meropenem 8 >32  0.25->32 59/809 19.1/47.1
Methods: 133 MBL-producers (68 Enterobacteriaceae [ENT; 10 and have elevated MIC values against this B-lactam group due to (Table 3). - pnesonas AETHITRSa Ciprofloxacin 4 >16  <0.008->16 30.9/57.4  25.0/69.1
- - . P. aeruginosa 7 VIM-2 (16) E. cloacae 2 Tigecycline® 0.5 4 0.12-8 89.7/15 77.9/10.3
species], 47 Pseudomonas spp. [PSP] and 18 Acinetobacter spp. the co-production of classes A, C or D enzymes. P. fluorescens/putida 1 K. oxytoca 1 Colistin 0.5 >16 0.25->16 -/ - 83.8/16.2
ASP]) were susceptibility tested against ATM with and without AV _ . . . iviti _avi - - - | | I
[ASP]) ptibility t g th and v In this study, we evaluated the activity of aztreonam-avibactam and The activities of aztreonam-avibactam, aztreonam and IMP-2 (2) P. aeruginosa 2 P. aeruginosa 12 K. pneumoniae (24)
and comparator agents using reference broth microdilution method . . . i - _ - IMP-4 (2) E. cloacae 1 P. fluorescens/putida 1 Aztreonam-avibactam 025 05 <0.03 -1 -/ - -/ -
- - comparator agents tested against 133 MBL-producing strains comparators agents were very similar against IMP-producing (24 P
i P g g proaucing , Aztreonam >64  >64  0.06->64  20.8/79.2 20.8/79.2
according to CLSI documents. Isolates produced 23 different MBL _ . . : : : : S. marcescens 1  VIM-23(2) E.cloacae 1 . o
) . ) including Enterobacteriaceae, Pseudomonas spp. and strains) and VIM-producing (23 strains) P. aeruginosa (Tables 3 _ Piperacillin/tazobactam >256  >256 4 — >256 4.2/91.7  4.2/95.8
types, including 13 IMP-variants, 9 VIM-types and NDM-1. . . ’ . . " . . IMP-7 (1) P. aeruginosa 1 K. oxytoca 1 Cefenime S84 >64 16 — >64 00/9L7 0.0/100.0
Acinetobacter spp. isolates producing 23 different MBL-types, and 4). These two groups exhibited similar susceptibility patterns IMP-13 (3) P. aeruginosa 3 VIM-4(1) P.aeruginosa 1 Mem%enem 16 230 > _ 530 00/792 208625
Results: ATM-AVI (MICg,q0, 0.25/1 mg/L) was very active against including 13 IMP-variants, 9 VIM-types and NDM-1. to the comparator agents tested (Table 3). IMP-15 (3) P. aeruginosa 3 VIM-5 (4) E. cloacae 1 Ciprofloxacin 16 >16  0.015->16 16.7/75.0 12.5/83.3
MBL-producing ENT; inhibiting 67 of 68 (98.5%) at <2 mg/L (Table). IMP-16 (2) P. aeruginosa 1 K. pneumoniae 1 gg@’g”neb 015 ‘1‘ 8-;?:? 87-_5/_4-2 18-08 (; /1c2)'(5)
Among different species, ATM-AVI MIC, values were 1, 0.25, 0.12 * Against 18 Acinetobacter spp. strains producing IMP or VIM " fluorescens/putida 1 - aeruginosa ; E. cloacae (25) | | o
and 0.06 mg/L for E. coli (6 strains), K. pneumoniae (24 strains), E. Mater | al S an d Met h 0 d g enzymes, aztreonam with and without avibactam (MICy,, 32 mg/L IMP-18 (2) K. oxytoca 1 VIM6(3) E.cloacae 1 Aztreonam-avibactam 012 1 <0.03 - 2 /- /-

. : ’ ' 90’ ) - . marcescens - . aeruginosa Piperacillin/tazobactam 256  >256 4 — >256 16.0/64.0 8.0/84.0
producing E. coli had an ATM-AVI MIC of 8 mg/L. ATM-AVI Bacterial strains. A total of 133 MBL-broducing Gram-nedative tested exhibited limited activity (Tables 2 and 4). A MIC value of IMP-21 (1) E. cloacae 1 VIM-11 (1) P.aeruginosa 1 Cefepime >64  >64 1->64  20.0/80.0 4.0/84.0
(MICg;90, 0.25/1 mg/L) was the most active compound tested : — U2 P cing g >2 doubling dilutions for aztreonam-avibactam (>64 mg/L) IMP-26 (3) E. cloacae 1 VIM-12 (1) E. aerogenes 1 Meropenem 8 32 1->32 8.0/76.0 24.0/28.0
against ENT strains. Against PSP producing MBLs, the activity of isolates were included in this study, including 68 A J ) K. oxytoca 1 Ciprofloxacin 1 >16 =<0008->16 52.0/360 44.0/48.0
ATM alone (MIC,.,, 16/>64 mg/L) was similar to that of the ATM- En_terobacterlaceae (10 speues), .47 Pseudqmonas Spp. and 18 compared to gztreor_lam alone (32 mg/L)_were observed for three K. preumoniae 1 Egﬁsct;i/rc]:hne 8.2 >i6 002.55_ N 4116 96.?//_0.0 880460//24600
AVI combination. All other compounds exhibited very limited activity Acinetobacter spp. Bacterial species producing MBLs included: A. IMP-1 producing Acinetobacter spp. strains. IMP-29 (1) P. aeruginosa 1 P aeruginosa (44) ' ' ' '
mg/L; 100.0% susceptible by CLSI and EUCAST criteria). ATM-AVI freundii (1), C. koseri (1), Enterobacter aerogenes (2), E. cloacae Aztreonam 10 >64 2—>64 21.3/46.8  0.0/46.8

(25) Escherichia coli (6) Klebsiella oxvtoca (4) K pneumoniae _ N _ e _ _ _ Piperacillin/tazobactam 64 256 4 — >256 23.4/46.8 23.4/76.6
(MICgp90, 32/64 mg/L), ATM alone (MICg,q0, 32/>64 mg/L) and ! _ | _’ Xy F Table 2. In vitro activity of aztreonam and aztreonam-avibactam activity tested against 133 metallo-B-lactamase producing strains grouped by Cefepime >64  >64 8 — >64 21/87.2 21/97.9
other beta-lactam agents tested exhibited limited activity against (24), Providencia rettgeri (2), P. stuartii (1), Pseudomonas organisms. Meropene 532 >32 4 >32 0.0/957 00/93.6
ASP. MIC values of = two-doubling dilutions for ATM-AVI (>64 mg/L) aeruginosa (44), P. fluorescens/putida group (3) and Serratia Antimicrobial agent No. of organisms (cumulative %) inhibited at MIC (ma/L) of: %g)er)cgggﬁr?;n 186 >1166 o.gei - 1>é6 12.5?;?0.9 12.5?;?7.2
compared to ATM alone (32 mg/L) were observed for three IMP-1- marcescens (2). Cérqtanisbm (tno_. tested)68 <0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 >64 Colistin X > 0.95 _ o 1000/0.0 100.0/0.0
producing ASP. Isolates were collected during multicenter surveillance studies and = cof (%‘; eriaceae (68) Acinetobacter spp. (18)
only one isolate per patient from documented infections were Aztreonam : : : : : : : 1(16.7)  0(16.7)  1(33.3)  4(100.0) ﬁ;ﬂ:ggzrm"'a‘”badam g; >6i4 22"_>6i4 22_2'; 6.7 :;:
Agent/organism No. of organisms (cumulative %) inhibited at MIC (mg/L) of: included in these surveys. Isolates were collected from EA;gggggf?z-g)vibactam 2(33.0)  0(333)  0(333  2(66.7)  1(83.3)  0(83.3)  1(100.0) : : : : Piperacillin/tazobactam 5256 >256 <0.12->256 38.9/61.1 /-
(no. tested) =05 ! 2 4 8 16 32 =04 bloodstream, respiratory tract and skin and skin structures Aztreonam : 3(12.0)  1(16.0) 2(24.0) 1(28.0) 2(36.0) 0(36.0) 0(36.0)  0(36.0) 2(44.0) 3(56.0) 5(76.0)  6(100.0) ,C\:Aifrip';nnzm f;z Zgg 8'2 - Zgg E%Z% 1 ;77 6
Enterobacteriaceae (68) Infections according to common protocols. Species identification Aztreonam-avibactam 3(12.0)  5(32.0)  5(52.0) 2(60.0)  5(80.0)  3(92.0)  2(100.0) - - - ; ; i Ci |?| _ 16 16 0.06_>16 333/556 333667
ATM-AVI 56(82.3) 8(94.1) 3(98.5) 0(98.5) 1(100.0) ' ' was confirmed by standard biochemical tests and the Vitek 2 K. pneumoniae (24) Ti'gp;‘;y‘;ﬁﬁ‘gé” e o 012 4 B B
ATM 17(25.0) 2(27.9) 0(27.9) 1(29.4) 0(29.4) 5(36.8) 3(41.2) 40(100.0) System (bioMerieux, Hazelwood, Missouri, USA), when necessary Aztreonam - 2(8.3) 1(125)  2(20.8)  0(20.8)  0(20.8)  0(20.8)  0(20.8)  0(20.8)  0(20.8)  0(20.8)  4(37.5) 15(100.0) Colistin 0.5 16 095 _16  88.9/111 889/111
Pseudomonas spp. (47) ’ ’ ’ ’ ' Aztreonam-avibactam 1(4.7) 5(25.0) 4(41.7) 9(79.2) 4(95.8) 1(100.0) - - - - - - > Criteria as published by the CLS| '[2013] ~nd EUGAST '[2012]. ' ' ' '
ATM-AV] 3(6.4) 7(21.3) 6(34.0) 15(66.0)8(83.0) 8(100.0) MBL-encoding genes were detected by various multiplex PCR OX‘?S (13)7 77 2(23.1) 022.1) 1(30.8) 1389 0(38.5) 0(38.5) 1046.2) 0(46.2) 2(6L.5) 0(6L.5) 2769  3(100.0) b. USA-FDA breakpoints were applied [Tygacil Product Insert, 2010].
. - - Zlreonam . . . . . . . . . . . . .
ATM - - 1(2.1) 5(12.8) 4(21.3) 15(53.2) 7(68.1) 15(100.0) reac.tlons and aII_ amplicons were sequenceq on both str_ands using Aztreonam-avibactam 323.1)  4(58.9) 1(61.5)  2(76.9)  1(846)  2(100.0) ) ) ) ) ) )
Acinetobacter spp. (18) previously described methods. Isolates carried IMP (52 isolates), Pseudomonas spp. (47)° _
ATM-AVI _ _ 2(11.1) 1(16.7) 0(16.7) 4(38.9) 3(55.6) 8(100.0) VIM (50) and NDM-1 (31) as described in Table 1. Aztreonam_ | 1(2.1) 5(12.8) 4(21.3)  15(53.2)  7(68.1) 7(83.0)  8(100.0) CO N CI UusSIions
ATM 1(5.6) 0(5.6) 3(22.2) 2(33.3) 9(83.3) 3(100.0) o | S | | Aztreonam-avibactam 3(6.4) 7(21.3)  6(34.0) 15(66.0) 8(83.0)  4(91.5)  4(100.0)
a. MIC,, values are underlined. Antimicrobial susceptibility testing. All isolates were tested for P. aeruginosa (44) _ _ _ _ _
b. MICq, is 0.25 mgl/L. antimicrobial susceptibility using the broth microdilution method as Aztreonam 1(2.3) 5(13.6) 4(22.7) 15(56.8) 4(65.9) 7(81.8) 8(100.0) e Aztreonam-avibactam was very active against t.hIS large CO_IIchon
| | | described by the Clinical and Laboratory Standards Institute (CLSI; Acﬁzéiggggg;i\ggﬁ? 368  7(227)  6(364)  15(70.5)  6(83.0)  3(90.9)  4(100.0) of me(;?”o'ﬁ']l&;ﬁtag\aste I_Of|0dUC"’_19 Entteroba(]‘:terlatlciae SltfatlnS,
Conclusions: ATM-AVI was generally active against a large MO7-A9, 2012). Avibactam was tested in a fixed 4 mg/L Aztreonam 1(5.6) 0(5.6)  3(22.2)  2(33.3)  9(83.3)  3(100.0) : regardless of the bacterial species or type of metallo-p-lactamase
collection of MBL-producing ENT strains, regardless of bacterial concentration. Categorical interpretations were those found in CLSI: Aztreonam-avibactam 2(11.1)  1(16.7) _ 0(16.7) _ 4(38.9)  3(55.6) _ 5(83.3) _ 3(100.0) produced.
species or type of MBL produced. ATM-AVI inhibited 94.1% of the M100-S23 and quality control (QC) was performed using E. coli g. :nc:uges (P:itrobac_ter freu;:lii (1é,§.ﬂkoseri (1), /E a_r;-ogenes (2), K. oxytoca (4), Providencia rettgeri (2), P. stuartii (1) and Serratia marcescens (2). . Aztreonam-avibactam activity against metallo-B-lactamase
MBL-producing ENT compared to 27.9% for ATM alone. ATM-AVI ATCC 25922, Staphylococcus aureus ATCC 29213 and P. e EEE——— producing Pseudomonas spp. and Acinetobacter spp. was most
activity against MBL-producing PSP and ASP was similar to that of aeruginosa ATCC 27853. All QC results for comparator agents were . w . » . . . imi
ATM alone. MBL-producing strains represent a challenge to withi?\ specified ranges as pugli shed in CLSI do (I:Dum ents.g Table 3. Invitro activity of aztreonam and aztreonar_n-a\_/lbactam activity t_ested against 130 met_allo-B-Iactamase producing strains grouped by similar to that of aztreonam when tested alone.
antimicrobial therapy and the combination ATM-AVI might be an organisms and enzyme families (P. fluorescens/putida isolates were not included in this analysis). « Avibactam was able to restore aztreonam activity against the vast
option for the treatment of infections caused by these pathogens. Antimicrobial agent/ No. of organisms (cumulative %) inhibited at MIC (mg/L) of: majority of metallo-B-lactamase producing strains of
group/enzyme (no. tested) <0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 >64 Enterobacteriaceae, but had limited effect against metallo-[3-
Re Su ItS Enterobacteriaceae (68) lactamase producing Pseudomonas spp. and Acinetobacter spp.
IMP-producers (17)
" . Aztreonam - 2(11.8)  0(11.8)  4(35.3)  1(41.2)  0(41.2) 0(41.2) 0(41.2) 0(41.2)  2(52.9)  1(58.8)  4(82.4)  3(100.0)
I Ntro d uction » Overall, aztreonam-avibactam (MICg, 0.25 mg/L and MICq, 1 Aztreonam-avibactam 15.9)  5(35.3) 4(58.8)  0(58.8)  4(82.4)  3(100.0) : : : : : :
mg/L; Tables 2, 3 and 4) was very active against MBL-producing NDM-producers (25) Referen C eS
The emergence of acquired metallo-B-lactamases (MBLS) among Enterobacteriaceae strains and 67 of 68 (98.5%) had an Aztreonam 1(4.0) 0(4.0) 0(4.0) 0(4.0) 0(4.0) 0(4.0) 0(4.0) 0(4.0) 0(4.0) 0(4.0) 0(4.0) 5(24.0)  19(100.0)
important Gram-negative pathogens, including members of the aztreonam-avibactam MIC of <2 mg/L One NDM-l-producing E. Aztreonam-avibactam 3(12.0) 2(20.0) 3(32.0) 9(68.0) 2(76.0) 4(92.0) 1(96.0) 0(96.0) 1(100.0) - - - - 1. Castanheira M, Mendes RE, Woosley LN, Jones RN (2011).Tr_end§ in carbapenemase-producing
_ _ _ CO” had an aztreonam-avibactam MIC Of o) mg/L VIM-producers (26) Esc_he_rlchlg coli anc_l Klebsiella spp. from Europe and th_e Amerlcas. Report frqm the SENTRY
Enterobacteriaceae, Pseudomonas aeruginosa, and Acinetobacter ) Antimicrobial Surveillance Programme (2007-09). J Antimicrob Chemother 66: 1409-1411.

: : C g .. : Aztreonam 5(19.3) 2(26.9) 1(30.8) 1(34.6) 2(42.3) 0(42.3) 1(46.2) 0(46.2) 3(57.7) 2(65.4) 3(76.9) 6(100.0) 2. Castanheira M, Sader HS, Farrell DJ, Mendes RE, Jones RN (2012). Activity of ceftaroline-avibactam
spp. has highlighted a significant clinical problem that was recently » Aztreonam-avibactam (MIC.,, 0.25 mg/L and MICg,, 0.5 mg/L; Aztreonam-avibactam 3(11.5) 7(38.5) 5(57.7) 4(73.1) 4(88.5) 1(92.3)  2(100.0) - - - - - - " tested against gram-negative organism populations, including strains expressing one or more beta-
aggravated by the worldwide dissemination of NDI\/I-producing Table 4) was very active against 24 MBL—producing K. P. aeruginosa (44) Iact_anjases and methicillin-resista.mt Staphylococcus aureus carrying various SCCmec types.

_ _ . . i . IMP-producers (21) Antimicrob Agents Chemother 56: 4779-4785.
strains. MBLs, which are Ambler Class B enzymes and hydr0|yze pneumoniae with the hlghest MIC \(/)alue bemg_ only 1 mg/L (Table Astreonam 1(4.8) 4(23.8) 2(33.3) 4(52.4) 3(66.7) 6(95.3) 1(100.0) 3.  Clinical %r_mlq Labora]ttoryé Stan_darﬁs Institute (28'12)|i MO7-A9. I\(/}Ilethodds fzr di_Iutri]ondgr_ltimis\;obial oA
. . . . ) ' ) ' ' ' ' ceptibility tests for bacteria that grow aerobically; approved standard. ninth edition. Wayne, .
the f-lactam ring using a divalent cation as co-factor, are among 21 dlSp(?:oagre;c\ill\ﬁ\rﬁazglgazcct)jnar:gstezc/t(;vseulsC:rl?(t:;?/lvee:g Zﬁt:ggi';?::]t o Aztreonam-avibactam 2(9.5) 5(33.3)  2(42.9)  5(66.7)  2(76.2)  3(90.5)  2(100.0) el ° 2 SPPIYEES )
- - ) , - 4.  Clinical and Laboratory Standards Institute (2013). M100-S23. Perf tandards f
the enzymes with broader spectrum of activity. MBLs can hydrolyze cefepime and meropenem (Table 4) Vﬁ"tpmducers (23) 43 2130 11609 1652 1676  7(100.0 antimicrobial susceptibilty testing: 23rd informational supplement, Wayne, PA: CLSI.
the vast maioritv of B-lactam aaents available for clinical use. with ' ztreonam _ ) (4.3) (13.0) (60.9) (65.2) (67.6) (100.0) 5.  Queenan AM, Bush K (2007). Carbapenemases: the versatile beta-lactamases. Clin Microbiol Rev
ajority of B g | | ’ . The highest azt bactam MIC val et MBL Aztreonam-avibactam 14.3)  2(13.0)  4(30.4) 10(73.9) 4(91.5) 0(91.5)  2(100.0) 50 AAOAES.
the exception of monobactams. However, in many instances MBL- € nighes azl reonam-avi aIC am valle against vVib .- Acinetobacter spp. (18)
producing isolates are resistant to aztreonam due to the presence grnildz;:lrll/?lglv;ﬁjae(;af?):vaazirZBXazrnng/G Léylgjos’ci pmtlgfle_) Tables 2 IMP-producers (12)
: ) : : U7 , Aztreonam 1(8.3) 0(8.3) 3(33.3)  2(50.0)  6(100.0) -
of other acquired Iactamgses, hyperexpressmn of the , piperacillin/tazobactam (16.0% susceptible), cefepime (20.0% Aztreonam-avibactam 2(16.7) 1(25.0) 0(25.0) 3(50.0) 0(50.0) 3(75.0)  3(100.0) AC k N OWI ed g men tS
chromosomal cephalosporinase (AmpC), increased expression of susceptible) and meropenem (8.0% susceptible) were generally NDM-producers (6) _ _ — _
efflux pumps and/or loss of outer membrane proteins. high according to CLSI criteria (Table 4). g:gg::z_avibactam . (1;3 7 gg‘gg'gi 2888'8 1-‘222 ?é?girvvvfé;u.ﬂdri?am fér;lrzeepnaﬁfr?giﬁ2r21bi€[:reaftllcp6:)lztlc_;v?glik? '\vﬂvggaat?g;aftfr:Esdriie/'xggag:gfgsa“On
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