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AMENDED ABSTRACT RESULTS

Backgro!md: Many B—Iagtams are available. for therapy of ir'lfe.(.:tions caused by Enterobacteriaceae (EBT), o Table 1 illustrates in vitro activity of cephalosporins and aztreonam against species of Table 1. Susceptibility profiles of Enterobacteriaceae* (n=350) species tested in the experiment. Table 3. Error rates and MIC to disk diffusion intermethod agreement among Enterobacteriaceae with proposed
but evolving ESBLs require accurate detectlgn .and susceptibility tests (ST). Currgnt B-lactam breakpoints Enterobacteriaceae. The ESBL-producing population of E. coli, K. pneumoniae, P mirabilis lower breakpoints to accommodate ESBL detection and optimal prediction of clinical success.
(BP) are generally satisfactory, but need qualifying reports to physicians and confirmatory tests for screen- dindol tive P f J | J ; ible isol ESBL % susceptible of antimicrobial tested (MIC range pg/ml):
positive ESBL strains. As part of a NCCLS working group, recent EBTs with a high proportion of ESBL- and indole-positive Proteae are reflected as lowered percent of susceptible isolates to Organism (no. tested) Aztreonam Cefepime Cefotaxime Cefotetan Cefoxitin Ceftazidime Ceftriaxone Ceftizoxime Cefuroxime Suggested BP Error rates
producing strains were used to re-evaluate BPs by disk diffusion (DD) and broth microdilution methods. index compounds (aztreonam, cefotaxime, ceftriaxone, ceftazidime). Citrobacter spp. (29) 93.1 100.0 89.7 89.7 41.4 89.7 89.7 89.7 55.2 P
Meth(;»g)s:E 35tO rzcer;t (2003)(2;“?: isglattes from (Zlgo)ogstre'ar;./i'nféc(;)t)iogs W?.re studgg ) E. 301”1(7431’ K/ebsie/la (0.03-128) (<0.016-8) (0.06->256) (0.06->256) (2->256) (0.12->256) (0.06->256) (0.03->256) (2->256) Antimicrobial agent Method S | R Very major Major Minor  agreement
spp. (79), Enterobacter spp. (43), Citrobacter spp. (29), P mirabilis (30), Serratia spp. (32); and 11 other species . . . . Enterobacter spp. (43) 79.1 97.7 76.7 55.8 9.3 79.1 76.7 79.1 27.9
(63); 20% were ESBL-producers. Isolates were tested against ceftazidime (TZ), ceftriaxone (TX), cefotaxime ¢ Regression plot analyses showed correlation coefficients ranging from 0.87 - 0.97. Most (0.03->256) (<0.016-16) (0.03->256) (0.12->256) (2->256) (0.12->256) (0.06->256) (<0.016->256) (2->256) Al II\D/:Is(li >§? 1 88_;20 2? Bl o i el
(CT), ceftizoxime (CZ), cefotetan (CN), cefoxitin (FX), cefuroxime (XM), cefepime (PM) and aztreonam (AT) drugs showed linear regression curves with excellent intermethod correlation E. coli (74; 22 ESBLs) 81.1 86.5 78.4 97.3 77.0 82.4 75.7 90.5 48.6 — V- ‘<4 8 ;16 0.0 0.0 43 95.7
using reference MIC ST and Etests. Analysis compared the accuracy for current and proposed (generally (Figures 1 - 9). (<0.016->256) (<0.016-64) (<0.016->256) (0.06-64) (1->256) (0.06->256) (<0.016->256 (<0.016-32) (2->256) etepime Disk 51 18-90 1 ' ' ' '
lower) MIC BP based on PK/PD considerations and Monte Carlo simulations. Klebsiella spp. (79; 44 ESBLs) 53.2 7.2 67.1 98.7 78.5 51.9 58.2 92.4 38.0 . - -
Results: Regression plot analyses (current BP) showed () values ranging from 0.87 (CN) to 0.97 (AT, TZ, CT) (<0.016->256) (0.03-128) (<0.016->256) (0.06-128) (1->256) (0.06->256) (<0.016->256) (<0.016-256) (<0.016->256) Cefotaxime II\D/”?( >§; 23225 53 0.0 0.0 1.1 98.9
and errors of (Mi=minor %, Ma=major %, Vm=very major %): AT (Mi=4.6, Ma=0.3); TZ (Mi=2.0), CT (Mi=9.4); o Considering the current NCCLS (2004) breakpoints, the error rates for each drug were Proteus mirabilis (30; 1 ESBL) 100.0 96.7 90.0 100.0 93.3 93.3 93.3 93.3 90.0 1S = i =
TX (Mi=6.0, Ma=0.3); CZ (Mi=8.3), CN (Mi=0.9, Ma=0.3, Vm=1.1); FX (Mi=8.9); XM (Mi=6.3, Vm=0.9); and PM calculated, which are presented in Table 2. All the error rates remain within acceptable N (£0.016-2) (0.06->256) (<0.016->256) (0.12-4) (1-64) (£0.016-32) (<0.016->256) (<0.016-64) (0.5->256) Cefotetan MIC <2 4 >8 1.4 0.6 7.4 90.6
(Mi=4.0); all acceptable. BPs adjusted to lower MICs to accurately detect ESBLs and predict clinical outcomes limit ’ Indole positive Proteae (24; 2 ESBLs) 100.0 95.8 83.3 100.0 58.3 95.8 87.5 91.7 33.3 N PIELS 224 AU =19
produces satisfactory DD zone correlates of: FX and XM due to no BP change (4.3 - 6.0% error); AT, TZ and Imits. (<0.016-2) (0.03->256) (<0.016->256) (0.12-16) (2-128) (0.06-32) (<0.016->256) (<0.016-64) (0.12->256) Cefoxitin M'C <8 - >16 4.3 1.7 NA2 94.0
PM at < 4 pg/ml (0.0 - 4.3% error); CN and CZ at < 2 pg/ml (6.6 - 9.4% error); and CT and TX at < 1 ug/m| Salmonella spp. (20) 100.0 100.0 95.0 100.0 90.0 95.0 95.0 95.0 55.0 P 2 ) =17
. . ) ) ; S (<0.016-8) (0.03-0.5) (<0.016-16) (0.06-8) (1-128) (0.06->16) (0.03-32) (<0.016-32) (1-64) -
(1.1 - 1.4% error). No intermediate category was assigned to FX and XM increasing serious intermethod errors, ° Only cefotetan and cefuroxime showed 0.9 and 1.1% very major (false-susceptible) A e <| G - . 875 96.9 63 90.6 87 5 96.9 0.0 Ceftazidime MIC <4 8 >16 0.0 0.0 0.0 100.0
but absolute agreement remained high at 90.6 - 93.4%. intermethod error, respectively. Only 0.3% major (false-resistant) errors were recorded for erreta sop: (2 ! (<0.016->256) (0.03-4) (0.06-32) (0.125-32) (8->256) (0.03-64) (<0.016-32) (0.03-16) (8->256) ok =21 10720 =
Conclusions: Current NCCLS EBT BPs remain acceptable based on error rate analysis for contemporary - P Y- yL. °_ J . Shigell (15) 1‘06 0 160 0 160 0 160 0 100.0 160 0 1‘06 0 160 0 867 Ceftriaxone MIC <1 2 >4 0.0 0.0 1.4 98.6
isolates. Lower PK/PD-directed BPs would eliminate the routine need for separate ESBL ST and DD zone aztreonam, ceftriaxone and cefotetan, which accounts for only one isolate among the 350 gt PP (0.03-0.25) (0.03-0.5) (0.03-0.12) 0.12-2) 2-8) 0.12-0.5) R R0 2.8) Disk >23 20-22 <19
correlates can be selected to maximize intermethod accuracy pending final approval by the NCCLS. tested strains. Minor error rates varied from 0.9% for cefotetan to 9.4% for cefotaxime. a. Only species with > 10 isolates are listed. — — ' — — — Ceftizoxime g!l?( ;2 2042‘2 ig 0.0 00 6.6 93.4
IS > - <
Cefuroxime MIC <8 - >16 2.9 1.4 NA? 95.7
INTRODUCTION o Proposed/modified breakpoints for all drugs continue to have acceptable levels of intermethod Disk >18 - <17
error (Table 3; broken lines in figures). Figure 1: Aztreonam Figure 2: Cefepime a. NA = not applicable.
S=E1D 1 16 1 | | - s32 2 1 131sals ; B SE1D < 192 1 1 — Figure 3: Cefotaxime
Cephalosporins and monobactam form the backbone of Gram-negative antimicrobial therapy, specifically for 2;2 ] ;‘jg‘; oy ZZ ] b :::;21 -0.56x 2;2 ] B v
treatment of infections caused by the Enterobacteriaceae. However, recent emergence and evolution of extended- ° Adjustments of the breakpoints requires the use of several parameters including PK/PD, 128712712 r=0.97 o ; 1;2 — 128642 21 1 !r/:gg-;’-"-m
spectrum B-lactamase (ESBL) enzymes compromise therapy by these agents. Isolates with susceptible or M| lati PRI, " : - e o s e o — i
. : : AN ion distributions (cefoxitin and cefuroxime) and clinical outcome ta, where = 4 r1z2zas | = 8] R s 82- 2 3 |1 i
intermediate MICs to one or more cephalosporins may harbor ESBLs and lead to treatment failure in clinical C population d utions (cefo and . uro . ) . d o outcomes _da T £ ?2 . o 5 4 R S 16- 1324631 | CONCLUSIONS
practice. Although higher, more prolonged serum levels are required for efficacy against organisms with higher available. Some B-lactams appear not to require modification at this time, but an intermediate AL N I T 5 o IR T s o EESEERI
MICs, the presence of an ESBL did not necessarily affect the target PK-PD parameters (i.e., percent of time the category would not be justified by target attainment results (Figures 5 and 9). - ‘2‘: T ?E) 1] EEETEE [ ‘2‘“2 e B ) _ _ _ o _
drug was above the MIC (% T > MIC)) even at higher challenge inocula (Craig et. Al, 2003). These data suggest - s § o] . ERR N T P o Current MIC and disk diffusion breakpoint criteria for Enterobacteriaceae
that decisions regarding treatment and susceptibility should focus on the absolute MIC value, and not on the . . . o . 2 05 | 2 © 0251 T S o057 IS . : 0
specific mechanism, type of enzyme or inoculum. e  Suggested disk diffusion criteria were also consistently larger zones to detect ESBLs and oz | e 012 | TroesTin o] T o remained acceptable related to intermethod agreement (90.6 to 98.0%),
better predict clinical therapeutic success. 0.064 o P ez 000 o e 0.064 |  iesamran e : : : :
o . . o | L sammmenn 1 n ven with an ESBL enriched population of isolates.
The NCCLS has set guidelines for screening of ESBL-producers when MICs to at least one of the index drugs 0.032 | o feTes T _OO(;:’Z | o 0.032 7 | tzessemass Pop
(ceftazidime or ceftriaxone or aztreonam) have MIC at > 2 pg/ml. Such isolates require additional tests to confirm _ _ _ Bt I I O B e S S kel I I N RS A
inhibition by clavulanic acid. According to a survey, many clinical laboratories in the US do not routinely perform ¢ These changes produced relatively minor changes in the error rates of the compounds. 6 9 12 15 18 21 24 27 30 33 36 39 42 45 6 9 12 15 18 21 24 27 30 33 36 39 42 45 6 9 12 15 18 21 24 27 30 33 36 39 42 45 . _ .
ESBL tests. This lack of information can lead to ineffective therapy or the withholding of usable cephalosporins These error rates are shown in Table 3. Increases in the very major error rates for only Azireonam Zone Diameter (mm) Cefepime Zone Diameter (mm) Cefotaxime Zone Diameter (mm) i Selecting lower breakpoints generally decreased the intermethod error
because of possibility (but non-confirmed) of ESBLs. On the other hand, ESBLs may go undetected because s : . . . .
’ cefoxitin (0.0 to 4.3%), cefuroxime (0.9 to 2.9%) and cefotetan (1.1 to 1.4%) were observed. Figure 4: Cefotet igure 5: i
the clavulanic acid inhibition effect could be masked by other inhibitor- resistant B-lactamases such as Class C ( ) ( ) ( ) g1z 61 o maso Flgure 5 Cefoxitin s1p 12 o Figure 6: Ceftazidime rates for the ESBL index and other B-lactam drugs to predict clinical
enzymes. 266 2 § . y=21.0-0.48x >=64 (478341 1 § y=16.9 - 0.27x 256 21 L n=350 . . . . . . . .
. . . . B 121t 1 1] =0. ! = B 2211 ‘ ‘ y=20.8 - 0.49x
. ESBL index (screening) drugs and all but one other drug showed a decline in error rates b . o N R =092 ol IO I =097 therapeutic outcomes via combining PK/PD, microbiology and clinical
Consequently, there is a need for re-evaluation of susceptibility breakpoints for MIC and corresponding disk zone at lower breakpoints (except cefotetan). _ 32 | ’ | - g % 11 a]a 2 success parameters.
diameters to better predict presence of ESBLs while minimizing the need (epidemiology) for separate screening é 16 1 UIERRRERRIRE € 16 ] i 2 i ] ooy
tests. As part of the deliberations of the NCCLS Working Group, we evaluated cephalosporin and monobactam o B TR B T S 4 dosanszs I T P
breakpoints for Enterobacteriaceae by MIC and disk diffusion methods with a collection of ESBL-enriched 5 2 T s = Y E 21 1 12210
Enterobacteriaceae clinical isolates. Intermethod correlations were also studied by regression and error-rate Table 2. Erorateslof Eriorobadionaceasbased onlalrentNeC s ertanal[2004] 8 1 ANRRIEEEIANE 3 e 22 3 1+ I EERERRER
bounded analysis. ° B © 27 N REXT TRy ° T A REFERENCES
Current BP Error ra’[eS 0.125 : ‘ 11 31 5612131920 2 1 1 | ; 15314 0.125 : 13912119123 1
M AT E R I A L S A N D M E T H O D S Intermethod ggg; 1 1314221 n 1 1 ggg; | ; Craig WA,. Kie.m S, Andes D, Ambrose P, Jones R. (2003). Impact of ESBLs on in vivo activity of.four cephalosporins in thg ngutropenic
Antimicrobial agent Method S I R Very major  Major Minor agreement <=0.016 § <=0.016 1 L : mouse-thigh infection model, abstr. #A-1318. In: Programs and Abstracts of the 42" Interscience Conference on Antimicrobial
. . . . . . . T T T T —— 8 T T T T T T 1 T T T T T T T T T T T T T ] T T T T L = T T T T T T T ] Agents and Chemotherap .
Bacterial isolates. A total of 350 recent clinical isolates of Enterobacteriaceae (2003) from bloodstream infections Aztreonam MIC <8 16 >32 0.0 0.3 4.6 95.1 6 9 12 15 18 21 24 27 30 33 36 39 42 45 6 9 12 15 18 21 24 27 30 33 36 39 42 45 6 9 12 15 18 21 24 27 30 33 36 39 42 45 9 Y
were tested which included E. coli (74), K. pneumoniae (79), Enterobacter spp. (43), Citrobacter spp. (29), P. _ Bl 222 (el =15 Cofotetan Zone Diameter (mm) Cefoxiin zone Diameter (mm) Ceftazidime Zone Diameter (mm) Jones RN, Bhavnani SM, Ambrose PG, Mutnick AH, Sader HS, Fritsche TR. (2003). Experience with ESBL-producing Enterobacteriaceae
mirabilis (30), Serratia spp. (32) and 11 other species. Twenty percent of these isolates (n= 70) were ESBL Cefepime MlC <8 16 >32 0.0 0.0 4.0 96.0 Figure 7: Ceftriaxone _ o (ENT) treated with carbapenems compared to other B-lactams: Outcomes report from the SENTRY Antimicrobial Surveillance
producers, belonging to following species: E. coli (22), Klebsiella spp. (44), P mirabilis (one), indole positive Disk 218 15-17 <14 ;‘::’:g - 0.49x :'=93“5': 8: Ceftizoxime Eg‘;’: 9: Cefuroxime Program, abstr. #K-706. In: Programs and Abstracts of the 42nd Interscience Conference on Antimicrobial Agents and Chemotherapy.
Proteae (two) and Serratia spp. (one). Cefotaxime MIC <8 16-32 >64 0.0 0.0 9.4 90.6 >=64 35122141331 : r=0.95 >=512 7 8 . y=20.5 - 0.48x | y=15.7 - 0.22x
Disk >23 15-22 <14 N PR 256 - 1 r=0.95 >=32 135388474z 42 ! r=0.88 Maglio D, Ong C, Banevicius MA, Geng Q, Nightingale CH, Nicolau DP. (2004). Determination of in vivo pharmacodynamic profile
Reagents and susceptibility testing. Standardized broth microdilution susceptibility tests were performed. B- Cefotetan MIC <16 32 >64 1.1 0.3 0.9 97.7 16 - tiaanzin | = ol o o 2o s 777777 - Z;:egjﬁ"_r:;a?ga'mt extended-spectrum B-lactamase-producing E. colf at various inocula. Antimicrobial Agents and Chemotherapy
lactam disks (30-pg) were purchased from Remel (Lenexa, Kansas, USA). Disk diffusion and Etest assays (AB Disk >16 13-15 <12 £ 8 1|12 e s 32 a1 _ 8- oo s ' '
. . . - 2 E 3 3 §_> B 1 1 322 1o E
BIODISK, Solna, Sweden) were performed Slmu”aneous'y on Mueller-Hinton agar plates (Remel) as described Cefoxitin MIC <8 16 >32 0.0 0.0 8.9 911 o ‘ S B e o 12 i PRI (R g 4 1 [s 40191410822 1 1 National Committee for Clinical Laboratory Standards. (2003). Methods for dilution antimicrobial susceptibility tests for bacteria
by the NCCLS [2003a and b] and the manufacturer. Isolates meeting the MIC criteria for possible ESBL-producers Disk >18 15-17 <14 A S T S e o that grow aerobically, M2-A8. Wayne, PA:NCCLS.
were confirmed by ceftazidime + clavulanic acid (CLAV), ceftriaxone + CLAV and cefepime + CLAV Etest and Ceftazidime MIC <8 16 >32 0.0 0.0 20 98.0 g e | . % 2 1 tesiza 1 2 2 oceeees A
interpreted as ESBL producers per NCCLS guidelines (M7-A6). The following ATCC control strains were included Disk >18 15-17 <14 § 0‘2'5 | cens o £ 0; 1 j ’ . j : i ! 1 g 17 534752 1 National Committee for Clinical Laboratory Standards. (2003). Methods for dilution antimicrobial susceptibility tests for bacteria
in the testing for quality assurance: Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Ceftriaxone MIC <8 16-32 >64 0.0 0.3 6.0 93.7 otz craeart . O aesaas S 5 . that grow aerobically, M7-A6. Wayne, PA:NCCLS.
Staphy/OCOCCUS aureus ATCC 29213 and 25923. Disk >21 14-20 <13 0.06 | 11 71112433 1 1 0.125 7 teroame et 025 | Nati 1C ittee for Clinical Laborat Standards. (2004). Perf: tandards f timicrobial tibility testi
) ) | ! ‘ et 1o 0.064 | 12 8101612124 1 ) ational Committee 1or Clinical Laboratory standards. . Fertformance stanqgaras ror antimicrobial susceptibliity testing.
_ _ _ _ _ _ _ Ceftizoxime MIC <8 16 >32 0.0 0.0 8.3 91.7 ) 0.03 ] 0.032 - o 11529091045 <012 - | , Supplemental tables M100-S14. Wayne, PA:NCCLS.
Data analysis. Regression curves were obtained by plotting number of isolates at a given MIC versus their Disk >20 15-19 <14 <=0.015 CrrisemEBssess A <=0.016 - o i\ 2e72t0m3ss : :
corresponding disk dlf‘fUSllon 'n.h'b_'tory zone diameter. Errorlrates were calculated based on the current and Cefuroxime MIC <8 16 >32 0.9 0.0 6.0 93.1 e 1 15 18 a1 24 27 30 35 35 s0 a2 s o s e 1 2 2 a0 w35 a9 4 as e 1 te 1 2 27 30 35 s 0 a0 as Paterson DL, Ko W-C, Von Gottberg A, Casellas JM, Mulazimoglu L, Klugman KP, Bonomo RA, Rice LB, McCormack JG, Yu VL.
proposed (lower) breakpoint criteria [NCCLS, M100-S14] using all tests (350) as the denominator for percentage Disk >18 15-17 <14 Ceftriaxone Zone Diameter (mm) Ceftizoxime Zone Diameter (mm) Cefuroxime Zone Diameter (mm) (2001). Outcome of cephalosporin treatment for serious infections due to apparently susceptible organisms producing extended-
calculations. spectrum B-lactamases: Implications for the clinical microbiology laboratory. Journal of Clinical Microbiology 39:2206-2212.




