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INTRODUCTION RESULTS Table 1. Minimum inhibitory concentrations of ceftazidime (CAZ), Figure 1. Rate of kill studies: Bactericidal activity of ceftazidime and Figure 2. Comparative inhibition of enterococcal PBPs by imipenem
Enterococci, usually found in the human colon, are opportunistic patho- MIC determinations clavulanic acid (CLAV) and AM-112 alone, and in combination, against AM-112 individually and in combination against isolates of E.faecalis and AM-112
gens which cause infections of the urinary tract, bloodstream and endocar- o Ceftazidime and clavulanic acid were inactive (MICs >64 mgL) a panel of enterococci
ditis. Enterococqal bacteraemia is.associated with high mortality in se- age_lir)st aII test strains (Table 1). AM-112 exhibited poor/moderate MIC (mgiL) MIC (mg/L) A) E.faecalis ATCC 29212 P::Z pros mg/L Imipenem
verely compromised patients and is a challenge to chemotherapy. The activity with MICs of 16 - >128 mg/L. . 2 3 2 - o2 o 2 3T 3 - w2
emergence of vancomycin-resistant enterococci (VRE) complicates the o A fixed concentration of 4 mg/L clavulanic acid reduced the cef- Organism CAZ CAZ foe \
situation. tazidime MIC for three vancomycin sensitive isolates of E.faecalis CAZ CLAV AM-112 +CLAV  +AM-112 100 ) —
Enterococcal species vary in their susceptibility to R-lactam antibiotics. between 2 and 4-fold, but did not enhance the activity of ceftazidime at4dmg/ll at4 mg/L " =¥ Control ., = =~
While strains are often sensitive to penicillins, cephalosporins are gener- against any of the other strains. f A B X = _H == -
ally inactive. This lack of cephalosporin activity is due to the poor affinity of e At a fixed concentration of 4 mg/L, AM-112 greatly reduced the cef- Vancomycin susceptible isolates g W — cAz: ¢
cephalosporins for enterococcal penicillin binding proteins (PBPs). tazidime MIC against all vancomycin susceptible isolates regardless of E faecalis Phill 128 128 32 64 P g - 128 mglL
AM-112, an oxapenem, is a novel broad-spectrum R-lactamase inhibitor. species, although the most pronounced effect was against E.faecalis. o (BRI AU = 8 i —3
Although AM-112 has potent activity against staphylococci (MICs 0.5 - 2 In some cases there was a variable endpoint between occasions; ) " 2 otz 8 ity
mg/L and streptococci (MICs 0.12 — 0.5 mg/L), it is relatively inactive generally there was no growth at >0.06 mg/L ceftazidime but on some E. faecalis SFZ >128 >128 64 2 <0.06 > e E:A:L
against enterococci (MICs >32 mg/L). Surprisingly, we have detected a ceftazidime MIC of 8 mg/L was observed. ' " AM12:
synergistic activity between AM-112 and ceftazidime against some entero- o At a fixed concentration of 4 mg/L, AM-112 also reduced the cef- E faecalisNCTC 5957 >128 >128 32 64 <0.06 o = tevaman
€OCCi. tazidime MIC from >128 mg/L to <0.06 mg/L against VRE 300 2043 ) " 102
The objectives of the study were to: and from >64 mgiL to 16 mg/L against E.faecalis 78097, a vanB iso- E. faecalis 24952 >128 >128 32 >128 0.06 0 2 . 6 8 e Table 2. Summary of checkerboard .relsults
1. Investigate the mechanism of synergy between AM-112 and cef- late, but had no effect on the remaining three VRE. ) ours AM-112 ) Ceftazidime MIC (mg/L)
tazidime against enterococci. E. hirae ATCC 10541 >128 >128 16 >128 <0.06* (mglL) E.faecalis  E.faecium E.faecalis E.faecalis
2. Determine the optimum ratio of ceftazidime to AM-112. Checkerboard studies . B) E.faecalis SFZ ATCC 29212 ATCC 10541 56059 (vanA) 78097 (vanB)
3. Investigate the rate of kill of enterococci. e Results are summarised in Table 2. E. faecium 60060 64  >64 8 >64 4 32 2 <0.06 0.25 4
o For three of the four strains, including the vanB strain, the optimal ratio ) 1 16 8 4 >64 8
of ceftazidime to AM-112 was 2:1, resulting in MIC ratios of 16:8 or 8:4 E. faeciumNCTC 7171  >128 >128 16 >128 <0.06* 100 8 16 8 >64 16
METHODS mg/L. == Control 4 32 >64 >64 16
Strains e Against the van A strain, a combination of ceftazidime at 0.25 mg/L E. faecium 60052 >64  >64 8 >64 4 g W 2 >64 >64 >64 32
Eighteen enterococcal strains were used, including isolates of E.faecalis, plus AM-112 at 32 mg/L was also synergistic. = — 1 >64 >64 >64 >64
E.faecium, E.hirae, E.casseflavus, E.gallinarum and 4 vancomycin resis- . E. faecium 78090 32 >64 16 >64 8 z 05 >64 >64 >64 >64
tant isolates (Table 1). Al strains were R-lactamase negative in a nitroce- Rate of kill studies 3 10 0 >64 >64 >64 >64
fin test. o At predetermined MIC concentrations, ceftazidime (128 mgiL) and E.gallinarum 56070 >64  >64 16 >64 1 2 e
AM-112 (64 mg/L) exhibited a bacteriostatic effect upon vancomycin- g cazs CONCLUSIONS
Susceptibility Tests susceptible isolates of E.faecalis (Figure 1a, b, ¢). E.gallinarun 56072 >64  >64 16 >64 1 10 — e Individually, ceftazidime, clavulanic acid and AM-112 are essentially
Minimum inhibitory concentrations (MICs) were determined by broth mi- e However, a combination of ceftazidime at 16 mg/L and AM-112 at 8 inactive against enterococci.
crodilution in accordance with NCCLS guidelines. mg/L (ie 1/8 MIC of each agent) reduced the viable count of both E.casseflavus (van-I) >64  >64 16 >64 1 102 o Combinations of ceftazidime and AM-112, but not ceftazidime and
In addition to single agent tests, ceftazidime MICs were determined in the enterococci by at least 2 log cycles over 8 hours, after which regrowth ° 2 * ours® 8 2 clavulanic acid, act synergistically against enterococci.
presence of a fixed 4mg/L concentration of AM-112 or clavulanic acid. occurred. ) - » Checkerboard studies indicate that 2:1 is the optimum ceftazidime:
Checkerboard studies were also conducted in which the concentration of o At predetermined MIC concentrations, AM-112 (64 mg/L) exhibited a AM-112 ratio for synergy.
both ceftazidime and AM-112 were varied. slight bacteriocidal effect against E.faecalis 78097, a van B isolate Vancomycin resistant isolates . Viabl t studi firm that th istic effect is cidal for at
: ca , C) E.faecalis 78097 (vanB) o Viable count studies confirm that the synergistic effect is cidal for a
. ) (Figure 1c). At 1/8 MIC of both ceftazidime and AM-112, a slightly least 8 hours, after which regrowth occurs. It will be interesting to
Rate of kill studies ) ) , greater bactericidal effect was observed. ) E.faecalis 56059 (vanA) >64  >32  >64 >G4 >64 hs study the effect of a second ceftazidime/AM-112 dose at eight hours
Enterococci were adjusted to give a final inoculum of approximately 105 *  No synergistic effect was observed against E.faecalis 56059, a van A as in the clinical situation
cfu/ml in shake flasks containing ceftazidime, AM-112 or 2:1 combinations strain. E. faecalis 78097 (vanB) >64  >32  >64 >64 16 o == Control e AM-112 binds to all eigﬁt PBPs of E. faecalis with a similar affinity
of ceftazidime:AM-112. Samples were removed on an hourly basis, diluted Al ‘ lin bind - = w profile to imipenem '
and the viable count determined. inity for penicillin binding protein affinities E caz: el o
Competition of AM-112 with radiolabelled propionylampicillin for PBPs of UREELYEE AP e g s 1w T 1z mg * fnZ‘;E”h‘g tzee?Igm'lzaBP'stha'r;';gr:srfte&ég]glb'ger?olta)é (;An';/;ln_lgzl at hzb6
PBP affinities E.faecalis SFZ s mg/L; however unlike with imi , i ely inhib-
Cell membrane exracts of E. faecalls SFZ were incubated with V112 + Imipenem (MIC 0.25 mglL) inhiited il PBPs at 0.1 — 03 mglL V- o0 1990 S R i e fed by A112 at 8.5 mglL. Thes fess suggest that PBP 3 is an
for 30 minutes at 37°C. ®H-propionylampicillin (80-100Ci/mmol) was then (Figure 2). E i essentia In enterococcl. o
added and the membranes were further incubated at 37°C for 90 minutes. *  AM-112 (MIC 64 mg/L) inhibited all PBPs, except PBP 3, at 10 mg/L. VRE 300 1662 >128 >128 >128 128 >128 g aaz: *  The synergy between AM-112 and ceftazidime indicates complemen-
Labelled proteins were separated by SDS-PAGE using 7.5% polyacryla- e Below 10 mg/L, AM-112 exhibited sequential inhibition of PBPs 7 and VRE 300 2043 128 128 32 128 <0.06 10 == 16+ smglL tation against the essential PBPs of enterococci. This result offers the
mide gels. Labelled gels were exposed to X-ray film after being soaked in 8 at 0.03 mg/L, PBPs 1, 2, at 0.1 mg/L and PBPs 4, 5 and 6 at 2.6 = 102 potential for extending the antibacterial spectrum of cephalosporins
EnHance (Bio-Rad) and dried. The PBPs were visualised by fluorography. mglL. T e 0 2 4 6 8 24 against this difficult pathogen.
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