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ABSTRACT INTRODUCTION RESULTS ithout 2 2"dioyricy] when tested soainet 111 Entorobacteriasas CONCLUSIONS

strains carrying resistance mechanisms.
Objectives: To evaluate the activity of two novel The emergence and spread of resistance mechanisms in * The activity of conjugated siderophore [3-lactam agents PF- Organism group/ No. of isolates at MIC (mg/L):  PF-1 and PF-1 * 2,2'-dipyridyl retained good
conjugated siderophore beta-lactam agents (PF-1 and PF- Gram-negative bacilli have complicated the treatment of 1 and PF-2 with and without 2,2'-dipyridyl and comparators Antimicrobial agent ___ <0.03 006 012 025 05 1 2 4 8 16 % M activity (MIC.,, <0.03 to 0.25 mg/L) against these
2) and comparator agents against Enterobacteriaceae serious nosocomial infections. 3-lactam antimicrobial agents against Enterobacteriaceae strains producing emerging i T T T 0 . .
(ENT) producing emerging B-lactamases, including CTX-M, that once were highly effective therapeutic options against resistance mechanisms (Table 1) is summarized in Tables PEAwih22-dpyidyl 2 4 2 0 2 0 1 1 0 0 0 0 SUb_'SEtS of.challenge Stram_s carrying well
NDM-1, KPC and OXA-48/-181 or carrying known plasmid- Gram-negative pathogens can now be evaded by various 2 and 3. PF-1 £ 2,2"-dipyridyl and PF-2 alone inhibited all PF-2with2,2-dipyidyy 5 2 1 1 1 1 1 0 0 0 0 0 defined resistance mechanisms that are
’ . . resistance determinants. Enterobacteriaceae strains NDM-1-producers at <4 mg/L. PF-2 with 2,2'-dipyridyl KPC-producing strains - - )
disseminated among contemporary Gram
borne fluoroquinolone resistance (PMQR) genes, gnr and . . . . inhibited all th frains at <2 ma/L (Table 2 PF-1 . 13 3 3 1 3 4 3 0 4 0 o0 o P y
, susceptible only to carbapenems, tigecycline and polymyxin Inhibited all these strains at <2 mg/L (Table 2). PF-lwith22-dipyicl 7 6 3 1 4 2 4 3 1 3 0 o0 . . e .
aaC(G )'Ib'Cr. - . ] PE-2 ’ 11 5 ql. 2 ) 7 1 2 3 0 0 0 negatlve enterlc baC”II, InCIUdIng NDM-l_
B are now common worldwide and the rise of « Against NDM-1-producers, MIC., values for PF-1 and -2 PE-2 with2,2-dipyridyl 12 3 2 2 3 4 3 2 3 0 0 0 rluEing sirEne
othods Pt and 2 (i andwitou e onchelaor | GHeh T R ITE AL R fon 0000 002 ML O D TEII | e
AT NDM-1-producing strains were highly resistant to nearly all PR '
2,2’-dipyridyl) and comparators were tested for - _ _ PF-lwith22-dipyridyy 11 3 3 3 2 0 0 1 1 0 0 0 . .
suscepp%/bili¥y)using CLSpl broth microdilution methods professionals. comparator agents tested (Table 3), except for tigecycline PF-2 _t _py_ " 4 0 s 2 1 0o 1 1 0 o o o  PF-2 was slightly more active compared to PF-1
. ) ] ] ) 1000% susce tlble . PF-2 with 2,2'-dipyridyl 12 5 2 2 1 0 1 1 0 0 0 0 . . -
against 111 clinical strains of ENT (13 species [including 53 ﬁrgstnv%oerlizgﬁ;nggi:ﬁgcg mee(i:rhagtlzrrﬂisail %:actamﬁses are ( P )_ o QXAISl 15T producing g . against these re_S'St_ant strains. Fu_rthermore’ the
_ _ mutations that can broaden their spectrum of hydrolysis 2) against KPC-producers (0.12 to 0.25 mg/L; both + 2,2'- PF-2 0 0 4 2 0 1 2 0 0 0 0 O L :
producing CTX-M-14 (12 strains), CTX-M-15 (12), KPC-2 to : : i : ) } “9 ' ' ! - & PE-2with22-dipyridyl 11 0 4 1 o0 1 2 0o 0 0 o0 o0 activity of these S|derophore B-Iactam agents
against different B-lactams, as well as their ability to diovridvl: Table 3 he | Il d pynidy
4 (24). NDM-1 (12). OXA-48/181 (19 20 6'-1b _ | | ipyridyl; Table 3) were the lowest among all agents tested. |
-4 (24), -1 (12), - (19), anr (20), aac(6’)-1b- disseminate. The genes encoding B-lactamases are | | | POR® strains o s 4 s e 1o 1o o o PF-1 and PF-2.
cr (3). Isolates were collected from 2001-2009 from global associated with mobile genetic elements that allow rapid * Against these KPC-producing strains, MICg, values for PF- PF-lwith22-dipyidy 12 0 1 3 2 3 1 0 0 0 0 0
surveillance programs. Resistance mechanisms were spread in the clinical setting. Furthermore, these genetic f2 E%’Z"d'py;'dy' (4 mg/L. drcteSpPchtllv?Iy)t S fo.‘ér'l Prowihozdpwitd 12 1 1 3 4 o 1 o 0 0 o0 o » The rapid dissemination of resistance
identified by PCR and sequencing. structures often carry other genes encoding resistance old lower when compared {0 Fi--1 [ested x 2,2 -dipyrdy @ = Nottested s concentaton. . . .
g AHETES ~gainst aminoglycosides and flueroquinolones. among (16 and 8 mg/L, respectively; Table 3). ) s e e 7 mechanisms among Gram-negative bacteria
Results: PF-1 and -2 displayed potent activity against all others.  Strains producing CTX-M enzymes displayed the lowest e E A o Sl e PR T e e B AT T hlghllghts the Pressing need .for ne.W
groups tested (MICg, results, <=0.25 mg/L). Overall, in the In this study, we evaluated the activity of conjugated MICs, results for PF-1 and PF-2 + 2,2'-dipyridyl among all Cgmgaréto‘i g&grgicrot;iala:gems'w‘r’]v;n tzr;te"(;"ag";nst’ A antimicrobial agents to treat infections caused by
presence of 2,2"-dipyridyl (a siderophore chelator; Table) siderophore B-lactam agents PF-1 and PF-2 alone and in groups analyzed (range, <0.03 to <0.06 mg/L; Table 3). Enterobacteriaceae strains carrying prevalent resistance these organisms. The present results
MIC results were either identical or slightly lower (two- to combination with the chelator agent 2,2'-dipyridyl, and However, low susceptibility rates were noted for most mechanisms. demonstrated that PF-1 and PE-2 are valuable
four-fold) when compared to the compounds tested alone. comparator antimicrobial agents against 111 qomparl_atorsé7excgpt for a dmllgegcg:), meropen_ebll'n, and Organism group!/ MIC (mg/L) % MIC (mgll) % camd e far frriner eliles] oevalspren
PF-1 and -2 were the most active antimicrobial agents Enterobacteriaceae strains producing emerging resistance :gsecggtil\r/]:l () 9, 91.7 and 100.0% susceptidle, ’S?ILTT”’“Z' a'gentt _50%  90% Susct" gr;(t,lb\m:;r/oisll agegt | t5g% 90% Susc®b° P :
] ] ] ) i . . . . -1-producing strains -48/-181-producing strains
tested against NDM-1-producing strains, which were highly mechanisms, including B-lactamases (NDM-1, KPC, CTX-M, P 4 PF-1 012 2 NA PFi 012 2 NA
resistant to nearly all compounds tested except for OXA-48/-181 enzymes) and plasmid mediated guinolone e Against strains producing OXA-48 or OXA-181, the activity PF-1 with 2,2-dipyridyl  0.06 2 NA  PF-1with 2,2-dipyridyl 0.06 2 NA
tigecycline and polymyxin B (MIC.,, 0.5 and <=0.5 mglL, resistance genes (qnr and aac(6’)-Ib-cr). of PF-2 + 2,2"-dipyridyl (MIC5,, <0.03 mg/L for both; Table EE; N ggz 2 NA PF-i WU iggi 2 NA ACKNOWLEDGEMENT
respectively). Against KPC-producing strains, PF-1 and -2 ‘;’)2\’,\’3.8 at_ljeallst two-fola greatjr than th? activity Of P||:'1 = Cip-ro1\cll\g:(aci’n- o 64 2;6 8N/:: zli:ro;ll\glaci’n- e s : 226 4N7Z
MIC,, results (0.25 and 0.12 mg/L) were the lowest among MATERIALS AND METHODS 2-dipyridyl (MICs,, 0.06 and 0.12 mg/L, respectively). 16 16 0 Ceftaziime 1 >1 41 | This study was sponsored by an educational/research grant
| 50 < oot d - b or rai duci MIC,, values were 2 mg/L for both compounds with or Cefepime >16 >16 83 Cefepime 516  >16  47.4 from Pfizer Inc. (New York, NY)
all agents tested. eEnterobacteriaceae strains proaucing _ . _ without chelator. Aztreonam >16  >16 0  Aztreonam >16  >16  42.1 . ! .
CTX-M enzymes displayed the lowest MIC., results for PF- g[lr:gﬁ]nslsbrgl gr?élii;tlg)nig g?tle?ra}%pngsr?g:r?ttﬁlgzcgﬁﬁng . SMOR stra e t Piperacillin/Tazobactam  >64  >64 0  Piperacilin/Tazobactam >64 >64 0
_ _ ® strains were SUSCep 1I0DIe TO MMOST NoN- Meropenem 8 >8 16.7 Meropenem 1 >8 57.9
-2 (<=0. <=0. . PF- N . . o o
L and -2 (<=0.06 to <=0.03 mg/L) ST al groups. PF-1 2001-2009 period in two surveillance studies (SENTRY fluoroquinolone antimicrobial agents, with lowest Amikacin T e A REFERENCES
and -2 also demonstrated potent activity against all OXA- . : : quine gens, . : T/S' >2  >2 83 TS >2 >2 474
_ _ Antimicrobial Surveillance Program and MYSTIC susceptibility rates (36.4% susceptible) for ciprofloxacin, — o . o s 474 _ _
48/-181 strains and most PMQR strains tested. Arr.long.all Programme) were evaluated. These strains produced B- levofloxacin, tetracycline and trimethoprim/ S B . s 5> 1000 1. Castanheira M, Deshpande LM, Mathai D, Bell JM,
comparator agents, tigecycline was the only antimicrobial lactamase enzymes or plasmid-mediated quinolone sulfamethoxazole. Polymyxin B <05 <05 NA  PolymyxinB 05 1 NA Jones RN, Mendes RE (2011). Early dissemination of
agent demonstratina 100% suscentibilitv rates against - - - o _ KPC-producing strains PMOR' strains NDM-1- and OXA-181-producing Enterobacteriaceae in
thgese osted strainsg p y 9 reSBtance- (PMQR) gen?s, listed in Table 1. | |  PF-1 inhibited 21 of 22 PMQR strains at 4 mg/L, whereas PF-1 025 16 NA  PF-1 012 1 NA Indian hospitals: Report from the SENTRY Antimicrobial
| Only one isolate per patient from documented infections compound PF-2 inhibited all strains at this concentration PF-1with 2,2-dipyridyl 025 8 NA  PF-lwith 22-dipyridyl <0.03 1 NA Surveillance Program, 2006-2007. Antimicrob Agents
No. of isoiates at MIC (malL) with chelator were included in the study. Isolates were collected from (Table 2). The presence of 2,2'-dipyridyl, in general, PRz ez 4 NA B . ’ |
- . . . . PF-2 with 2,2'-dipyridyl  0.12 4 NA  PF-2 with 2,2'-dipyridyl <0.03 0.5 NA ChemOther 55 1274'1278
Resistance group bloodstream, respiratory tract and skin structure infections generated two- to four-fold lower MIC values. Ciprofioxacin s 128 204 |[BNE > oee 364 |
S;h/reftsi?ailns 1) PF-1 = s 1 s o 208 according to defined protocols. Local species identification e MIC.yq, Values for these investigational compounds ceftazidime SOEeEENE < o 216 409 2. Castanheira M, Mendes RE, Rhomberg PR, Jones RR
oF - was confirmed by standard biochemical tests, the Vitek 2 >0/90 . _ J P Cefepime >16  >16  20.6 Cefepime 1 >16 682 (2008). Rapid emergence of blasry. @among
3 4 1 1 1 0 1 1 0 D -
| —_— 3 System (bhioMerieux, Hazelwood, Missouri, USA) or 16S against PMQR strains were: <0.03/1, 0.12/1 mg/L for PF-1 Aztreonam >16  >16 S AL Loo=e il Enterobacteriaceae in U.S. Medical Centers: molecular
KPC strains (34) e 1'1 153 i’ i ; j ‘11 Z’ : BNA Sequencing V\;hen necessa"ry ’ + 2,2'-dioyridyl, and <0.03/1, <0.03/1 mg/L for PF-2 £ 2,2'- Piperacillin/Tazobactam >64  >64 0  Piperacillin/Tazobactam <8  >64  68.2 evaluation from the MYSTIC Program (2007) Microb
_ = ’ : diovrid . res ectivelv. Meropenem 8 >8 2.9  Meropenem <0.12 <0.12 955 _ '
Gl SIS () -4 2 03 2 1 0 11 T . e PYHEY P Y Amikacin <4 32 676 Amikacin <4 8 1000 Drug Resist 14: 211-216.
PF-2 14 E - 1 o 1 1 o Susceptibility Testing: Isolates were susceptibility tested T/S¢ >2  >2 176 TS >4 >4 364
OXA-48/-181 strains (19) PF-1 3 4 0 1 2 0 0 againSt PF-1 and PF-2 W|th and W|thOUt 2,2'-d|pyrldy| and Table 1. Gram_nega’[ive bacilli strains Carrying resistance Tetracycline <4 8 58:8 Tetracycline 8 8 36:4 3. Clinical and Laboratory Standards InStitUte (2009) MOQO7-
| Eii 10 4 2z 0 1 2 0 O comparator agents by reference broth microdilution methods mechanisms tested against conjugated siderophore B-lactam agents Tigecycline® 05 2 1000 Tigecycline® 025 1 955 A8. Methods for dilution antimicrobial susceptiblility tests
PMIQR strains (22 S as described by Clinical and Laboratory Standards Institute PF-1 and PF-2 and comparator antimicrobial agents. PN 05 4 NA PoympinB 05 1 WA for bacteria that grow aerobically: approved standard:
< IO values are underined — (CLS|) MO7-AS8 (2009) and CLS| interpretatigns were based Resistance mechanism (no.) Bacte_rial species (no. of strains tested? CT_X-M—producmq SEnE ) o U°Si,;sé[s.°mf§'§_e£§'l (62'011) breakpoint criteria. elghth edition. Wayne’ PA: CLSI.
on M100-S21. Escherichia coli ATCC 25922 and P NDM:L (12) I ———. iy e 05 Na G T Tmcmommmstametoss
. s . ' ' . KPC PF-1with 2. 2-dipyridyl - =0.06 = 0.5 NA "¢ us-FDAbreakpoints were appiied [Tygacil Product Insert, 4. Clinical and Laboratory Standards Institute (2011). M100-
Conclusions: Overall, PF-1 and -2 inhibited >90% of all aeruginosa ATCC 27853 were concurrently tested for quality KPC-2 (19) E. cloacae (3), E. gergoviae (1), Klebsiella oxytoca (2), K. PF-2 <003 05  NA 2 emidmediated quinolone resisant S21 Perf tandards f smicrobial
tested strains at <=2 mg/L. PF-2 seems to be slightly more assurance; all results were within the published ranges. <PC-3 (14) beumoniae (12), and 8. marcescens (1) | PR-2with 2.2~dipyridyl - =0.05 0.5 NA - PEnormance standards 1or antmicrobia
_ ) : C. freundii (2), E. coli (2), E. cloacae (2), E. gergoviae (1), K. oxytoca Ciprofloxacin 32 256 29 2 SUSCGptlblIlty tesung: 21st informational Supplement.
active compared to PF-1 against these selected resistant Genotypic Detection of Resistance Genes. Different PCR Y ey e () and 5. mareescens (1) Ceftazidime 4 >16 583 Wayne, PA: CLSI.
strains. The presence of 2,2'-dipyridyl did not appreciably approaches were used to detect B-lactamases and PMQR CTXM Cefepime 16 >16 417 | ’ | |
impact MIC results. Both PF-1 and -2 retained activity genes. PCR amplicons were sequenced on both strands and CLci i) E. coli (5), K. pneumoniae (5), Proteus mirabilis 2) Aztreonam o Mo Al 5. Glamarellou H, Poulakou G (2009). Multidrug-resistant
] _ _ CTX-M-15 (10) C. freundii (1), E. coli (5), K. pneumoniae (4), P. mirabilis (2) Piperacillin/Tazobactam 4 >64 62.5 Gram-ne ative |nfeCt|0nS' What are the treatment
(M|C5O, <=0.03t0 0.25 mg/L) against strains Carrying the nucleotide sequences and deduced amino acid OXA-48/1812 (19) E. coli (5), E. cloacae (2), K. pneumoniae (12) Meropenem <0.12 <0.12 91.7 _ - 9 _ '
resistance mechanisms (including NDM-1) that are rapidly sequences were analyzed using the Lasergene software PMOQR® Amikacin 2 2. 815 options? Drugs 69: 1879-13901.
disseminating among contemporary Gram-negative enteric package (DNASTAR, Madison, Wisconsin, USA). anr (19) Salmonclla cop G (L K vtoea (L) K. preumoniae (), and I;?racycline :z :z 12;’ 6. Livermore DM (2009). Has the era of untreatable
bacilli. Sequences were compared to others available via internet aac()-lb-cr (3) E. coli (1), K. pneumoniae (1), Saimonella spp. (1) Tigecycline® 005 1 1000 infections arrived? J Antimicrob Chemother 64 Suppl 1:
sources (http://www.ncbi.nlm.nih.gov/blast/). b PMOR = plasmid-metiated quinolone resstance. Polymyxin B <05 >4  NA i20-i36.
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