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ABSTRACT casts doubt on the contemporary validity of CLSI standards/breakpoints for A. influenzae. Also, the *  Piperacillin/ tazopactqm only has a M',C susc?eptlble breakpqlnt (CLSI and Table 2. Intermethod discord rates for the CLSI disk diffusion method when CONCLUSIONS

appearance and acceptance of pharmacodynamic principals as a significant contributor to breakpoint US-FD A) and a disclaimer about activity against BLNAR strains. However , , ) _

selection, places the current CLSI breakpoints in doubt, especially for those agents having interpretive . . N s ’ testing 96 BLNAR H. influenzae isolates against seven B-lactam agents
Background: criteria established prior to 2001 this penicillin/B-lactamase inhibitor combination was the most potent 3- and ciprofloxacin _ | | o | |
CLSI established H. influenzae (HI) susceptible (S) breakpoints (BKP) between 1990-1995, especially ' lactam tested with activity two-fold superior to ceftriaxone with all MICs ¢ BLNAR H. influenzae are occurring In clinical practlce with
;?]raﬁ)es?éc'gﬂsv\tﬁhdﬁ:gfaz:tz;larC;s;T:nSfe(zre) Strjuanse;nTT]\)NrIeBLUI\iIrésRrztcg?jli:‘}zeg’:ig;\z]z I\évlilgesz\;wilizlr?ofoerlte In this study, we examined a highly selected collection of BLNAR H. influenzae strains from the global at <0.25 ug/ ml. This was four-fold be|OV\./ .the breakpoipt (<1 pg/ml) used Error rate (%) by category greater regul arity, especi a||y in the Western Pacific (J apan).
t t'y  Lidel J P 9. 2ap . J SENTRY Antimicrobial Surveillance Program. These 96 strains (with examined PBP3 gene data) were for other H. influenzae (3-lactamase-positive or -negative). Antimicrobial agent Minor®  Major®  Very major®  Absolute categorical agreement (%)

esting guiaelines. tested to determine intermethod accuracy of CLSI methods and interpretations for ampicillin, six Ampicillin 40 7 0 5 1 55 o

Methods: other B-lactams and ciprofloxacin. Also, piperacillin/tazobactam was reassessed for possible addition . Susceptible disk diffusion breakpoints for piperacillin/tazobactam are Ampicillin/sulbactam NAD 719 33 59 8 o Current CLSI testing methods for H. influenzae do not

_ _ . to the CLSI interpretive tables or modification of US-FDA product package insert. _ _ , . : vy ey
We used 96 recent HI (J 85; other continents 11) having ampicillin + sulbactam (AMP and A/S) MICs proposed at >21 mm that produces no serious interpretive errors and érr}?X'C""”/C'aVU'a”ate m 23? 10265 ?2-3 accurately categorize the susceptibility of these BLNAR
at 22 pg/ml by CLSI brOth m|CrOd|IUt|On methOd Compal‘ison agentS teSted by MIC and d|Sk d|ﬁUS|On com Iete Cate Orlcal a reement 1 OO% Slmllar to that noted for ver e riaxone " . " . . .
(DD) methods were: amoxicillin/clavulanate (AMC), ceftriaxone (CRO), imipenem (IPM), meropenem MATERIALS AND METHODS OteFr:t UOrO Sinoloneg (Tables ‘I(and 2)',Fi ure 1G) y Imipenem NA 20.8 1.0 78.1 |solates, and a SySter.natK_: re-evaluation appear.s urgently
(MEM) and piperacillin + tazobactam (P/T). Results were used to validate CLSI and US-FDA (P/T) P 9 19 ' I\P/!erope'rlll?r?t -t ::llﬁ gg gg 18080'50 needed to prevent mlsgwded Chemotherapy (hlgh rates of
criteria or statements of BLNAR resistance regardless of test results. PCR-based identification and The SENTRY Proaram H. influenzae isolates were screened for strains havina elevated peracillin/tazobactam . . _ _ . . _
fts| were evaluated. o 9 _ _ 9 _ o H. influenzae testing breakpoints were |n|t|a||y assessed over 15 years ago Ciprofloxacin NA 0.0 0.0 100.0 false'reS|Stant errors by d|Sk d|foS|On methOdS)

ampicillin MIC values (2 pg/ml). These organisms (36; 85 from Japan) were confirmed d clearl dtob luated due to th lati f a. Very major = false-susceptible by disk diffusion method, major = false-resistant and minor =

Results: by repeat testing with reference broth microdilution methods of the CLSI (M7-A7, 2006) an _ C ea.ry needto be re—eva. uated due 1o the esc?a a. Ing occurrences O_ ' ot S;m CJI' t_ bY one m thp q ndy fible of resist n,; 5 ,J[h _th y ol resylt B niy)

s | nd additional processing against ampicillin/sulbactam, amoxicillin/clavulanate, ceftriaxon resistant isolates and the evolving role of pharmacokinetic/pharmacodynamic N e e i ap | PICTI TESEEs By e  Some agents previously considered as inactive against BLNAR
Potency ranking for the BLNAR HI was (MICq in pg/ml): P/T (0.12) > CRO (0.25) > MEM 0.5) > AMP and additional processing against ampiciiiin/suibactam, amoxicifiin/clavulandle, Cettriaxone, considerations in breaknoint selection. Adiustments appear necessary for b. NA = not applicable due to unpublished intermediate criteria by the CLSI. 9 y g
= IPM (4) > AMC (8). J and non-J isolates did not differ and B-lactamase inhibitors did not enhance imipenem, meropenem, piperacillin/tazobactam and a non-B-lactam control (ciprofloxacin). _ S P i ' J PP . ry c. Results using proposed disk diffusion susceptible breakpoint at >21 mm to correlate with published H. influenzae (d ue to limited data) have now emerged as
co-drug activity. BLNAR strain (with ftsl gr. Il [66] and Ill [20] mutations) MIC values routinely span Disk diffusion testing was simultaneously performed using the CLSI M2-A9 (2006) aminopenicillin + enzyme_mh'.bnors’ parenteral cephallo§por.|ns.an(_j MIC breakpoint (<1 pg/ml) by CLSI and US-FDA. havi t t : illin/t bact d should
current CLSI BKPs causing serious interpretive discords most marked for DD tests. PK/PD analyses method for the same antimicrobial agents. Interpretations of the test results used criteria carbapenems, each considering US-FDA approved clinical indications. aving great potency (plperaC| IN/tazobac am) ana snou
favor updated BKP criteria. oublished in M100-S17 (2007). S S . _ - . _ be given accurate susceptible breakpoints as proposed here

0 resuits by oat Table 1. MIC distributions for seven B-lactam antimicrobial agents tested by CLSI methods against B-lactamase-negative ampicillin-non-susceptible H. influenzae (BLNAR,; (MIC at <1 pg/ml [US-FDA] with correlate disk diffusion zones
results by category: _ o _ S : : -

At robint e ) - Iy 9o S Results of MIC and disk diffusion testing were compared by scattergram analysis (Figure 96 strains from Japan [85] and worldwide [11]). at >21 mm)

ntimicrobia category 1 A-H) with calculations of intermethod error. Limits of acceptable error were derived Sur % inhibited at MIC fa/mi: MIC (La/ml — '
AMP R 27 8 - from CLSI M23-A2 (2001) where the occurrence of false susceptibility (very major error) - Hm 7o INNIBTEEC 4 (hg/mi): : (hg/mi) 0 0 o
S |Iq gj 26 g was <1.5%, false resistance (major error) was <3.0% and minor error (intermediate by Antimicroblal agent =0.12 0.25 U 1 2 4 8 16 950% 30% 7 susceptible
B . . s~ b
S o1 ] 43 one test and resistant or susceptible by the other) was not to exceed 10.0%. An Ampicillin 0 0 0 0 61 94 - - 2 4 0 ACKNOWLWDGEMENTS
AMC R 31 i 15 intermediate category criterion has not been established for the studied agents other ﬁmgﬁglillﬂé %:Z\?ﬁ;‘:r:zte g g g 123 697 22 19040 138 i g gg
o . S 3 208 - 205 th??ampicilltiirq]. Furtgermore, Onlydsu.sceﬁtible breakpoints are currently published for Ceftriaxone 58 99 100 100 100 100 100 ] 012 0.95 100 This project was jointly funded by JMI Laboratories surveillance and Taiho Pharmaceuticals
on- - ceftriaxone, the carbapenems and ciprofloxacin. Imipenem 1 3 19 66 86 97 _ _ 1 4 97 research grants.
S 26 - 70 Meropenem 7 63 93 100 100 100 - - 0.25 0.5 93
PV Hon-S - ' s Please note the warning that BLNAR H. influenzae strains should be considered resistant Piperacillin/tazobactam 97 100 100 100 100 100 100 100 0.06 0.12 100 SELECTED REFERENCES
MEM NOM-S 9 ] . to some B-lactam compounds is found in M2-A2/M100-S17 tables (amoxicillin/clavulanate, Ciprotioxacin L L L L - - - - e e L
S 4 _ 85 ampicillin/sulbactam, cefaclor, cefetamet, cefonicid, cefprozil, cefuroxime and loracarbef) a. CLSIMIC breakpoints only. 1. Alou L, Gimenez MJ, Sevillano D, Aguilar L, Gonzalez N, Echeverria O, Torrico M, Coronel P, Prieto J (2007).
, _ and in M7-A7/M100-S17 tables piperacillin/tazobactam and cefamandole were additionally b. - = untested concentration. Are B-lactam breakpoints adequate to define non-susceptibility for all Haemophilus influenzae resistance
a. 1= Intermediate. listed, many of those statements present since the early 1990s. The H. influenzae quality phenotypes from a pharmacodynamic point of view? J Antimicrob Chemother 59: 652-657.
’ . . - . 2. Clinical and Laboratory Standards Institute. (2006). M7-A7, Methods for dilution antimicrobial susceptibility
Conclusions: control strain (ATCC 49747), a BLNAR organism, was utilized concurrently with all results Figure 1. Scattergrams illustrating the CLSI MIC breakpoints (solid horizontal lines) and disk diffusion (solid vertical lines) for ampicillin (A), ampicillin/sulbactam (B), tests for bacteria that grow aerobically; approved standard - seventh edition. Wayne, PA: CLSI.
CLSI tests of contemporary BLNAR Hl strains are associated with high intermethod error rates. record/ed IW'th'n CLSI rang-es.l Of note, plperacnlln/ tarz]_Ok;]?Ctam Con’F[)OII ranges were 0.06- amoxicillin/clavulanate (C), ceftriaxone (D), imipenem (E), meropenem (F), piperacillin/tazobactam (G) and ciprofloxacin (H) results tested against 96 B-lactamase- 3. g?;?)ltz;l(/jt L?ebs(;;?;()?7?5?2?0?2?2ti'gzgjfsbp(fe(r)g;){t MV\1/23|:121F7>AP grlfcérlmance standards for antimicrobial
Adjustment of S BKPs appears prudent for AMP and other potent anti-HI agents (CRO, MEM, P/T). 0.5 pg/mland 33-38 mm; values considered to be highly susceptible. negative, ampicillin non-susceptible H. influenzae. Broken vertical line shows the proposed disk diffusion breakpoint for piperacillin/tazobactam. 4 Clinoal andy,_aborat(’)ry Standards Institute. (2006). M2-A9. Performance standards for antimicrobial disk
P/T was 2- to 4-fold more active than other B-lactams against BLNAR, but has been declared inactive Hbility tests: d standard - ninth edit W PA: GLS|
S| despite having S MIC values per US-FDA criteria H. infl isolat ith BLNAR ph t tested usi ' ific for H SUSCEPUILILEY TESTS, approved stahiaara - ffth edition. Tvaynes, FAa. LLo .. .
by CL P 9 P ' - Infiuenzae 1solates wi . phenotype were 1es e using prlmers SPeECITIC Tor H. A 5 c 5 5. Doern GV, Jorgensen JH, Thornsberry C, Snapper H (1990). Disk diffusion susceptibility testing of
influenzae and H. haemolyticus 16S rDNA, all were confirmed as H. influenzae. Ampicilin o Ampicilin/Sulbactam * AmoKcilin/Clavuianate . Ceftriaxane Haemophilus influenzae using Haemophilus Test Medium. Eur J Clin Microbiol Infect Dis 9: 329-336.
Cateqgorization of BLNAR phenotvbe based on penicillin bindin rotein 3 (PBP3) into >4 7 22 ) 7o . 6. Garcia-Cobos S, Campos J, Lazaro E, Roman F, Cercenado E, Garcia-Rey C, Perez-Vazquez M, Oteo J,
I N T R o D U CT I O N t gl r d 1 i P d b yIE)’CR : p that I%‘ P r ( . ) f . o 6 . . de Abajo F (2007). Ampicillin-resistant non-B-lactamase-producing Haemophilus influenzae in Spain:
ypes 1, 1l an was achieve y using primers that amplity Specitic regions o 4- 1 s s a7l b - Recent emergence of clonal isolates with increased resistance to cefotaxime and cefixime. Antimicrob
o . . _ the ftsl gene. _ S L & mEsaes o ] | Agents Chemother 51: 2564-2573.
Haemoph/lus influenzae ha§ Iong be_en a common cause o_f communllty-_af:quwed respiratory tract s : s T o Z;OO; 44444 o 7. Garcia-de-Lomas J, Lerma M, Cebrian L, Juan-Banon JL, Coronel P, Gimenez MJ, Aguilar L (2007).
infections (CA-RTI) and serious invasive disease (bacteremia and meningitis), although the later types : s 2 2 3 8|1 10 o g | Influence of Haemophilus influenzae B-lactamase production and/or ftsl gene mutations on in vitro activity
of infection were markedly diminished b):c vagcine introduction. Resistances to commonly used RESULTS . 2 | A o - o | 4 | | - of and susceptibility rates to aminopenicillins and second- and third-generation cephalosporins. Int J
treatment regimens remains rare except for B-lactam hydrolysis mediated by a TEM-type enzyme. P Y - Antimicrob Agents 30: 190-192.
Standardized susceptibility methods for H. influenzae were developed by the Clinical and Laboratory o - L " 2 o S 8. Gomi K, Watanabe A, Aoki S, Kikuchi T, Fuse K, Nukiwa T, Kurokawa |, Fujimura S (2007). Antibacterial
Standards Institute (CLS!: formerly NCCLS) in the early 1990s based on the use of the modified In global sgrvelllance programs (SENTRY Progrgm), the emergenc?e of 0 s 0018 S o activity of carbapenems against clinically isolated respiratory bacterial pathogens in Japan between 2005
Mueller-Hinton medium (Haemophilus Test medium or HTM). BLNAR H. influenzae was documented, greatest in Japan (85 of 96 isolates, <=0.008 | and 2006. Int J Antimicrob Agents 29: 586-592.
Table 1). : o 2 0 . o ” N . o s " ” - s s e m a m 9. Hasegawa K, Chiba N, Kobayashi R, Murayama SY, Iwata S, Sunakawa K, Ubukata K (2004). Rapidly
Except for B-lactamase-producing isolates, few resistant H. influenzae strains were available for test Disk Zone Diameter (mm) Disk Zone Diameter (mm) Disk Zone Diameter (mm) Disk Zone Diameter (mm) increasing pr_e;]/alenc_e o_f.B—If\ctgrr!aset;rz)nprodgzmg, afr)npléclzlflsl-lrd1|—rg§|s1’tar11’i1 Haemophilus influenzae type b
development and validation, that included the B-lactamase-negative ampicillin-resistant (BLNAR) il - in patients with meningitis. Antimicrob Agents “hemother 48: 1509-1514. .

N g s of <0.1%. Sub 1y these BLNAR strams have b o Susceptibility rates among eight tested agents was greatest for i . H 10.Jones RN, Thornsberry C, Hindler J, Hugh Gerlach E, Doern GV (1992). The re-evaluation of the NCCLS
strains that occurred as rates ot <U.1%. oubsequently, tnhese stralns have become more ' ' : 1t 0 E imipenem Meropenem Piperacillin/Tazobactam Giprofioxacin ampicillin susceptibility tests with Haemophilus test medium: New interpretive criteria for the disk diffusion
frequent worldwide and particularly in the Western Pacific and some European nations. Also, fluoroquinolones, ceftriaxone and piperacillin/tazobactam (100%), followed e P 1 (n=96) ] (n=96) >=8 (n=96) 1 (n=96) method. Antimicrobic Newsletter 8: 31-35.
fluoroquinolone-resistant H. influenzae having QRDR mutations have become more prevalent leading by the carbapenems (93-97%; Table 1). * 4] - 11.Jorgensen JH, Redding JS, Maher LA, Howell AW (1987). Improved medium for antimicrobial susceptibility
to confusion regarding the interpretation of non-susceptibility as tested/interpreted by CLSI methods. 4 N . A o testing of Haemophilus influenzae. J Clin Microbiol 25: 2105-2113.

N | - - - - e ftsl typing by PCR revealed group Il (67) and Ill (20) mutations and resultant 2 A R , . = 12.Kim IS, Ki CS, Kim S, Oh WS, Peck KR, Song JH, Lee K, Lee NY (2007). Diversity of ampicillin resistance
Initial CLSI interpretive criteria for ampicillin were published in 1990 by Doern et al. and modifications . . E 5 s S E | 3 s genes and antimicrobial susceptibility patterns in Haemophilus influenzae strains isolated in Korea.
by Jones and colleagues in 1992. As newer B-lactams (oral cephems, carbapenems, penicillin/B- B-lactam MIC values that span the currently applied CLSI breakpoints. : S . § : * : Antimicrob Agents Chemother 51: 453-460.
lactamase inhibitor combinations) and other antimicrobial classes were developed, the CLSI added TS IR 1 005 B . T o " | 13.Murph¥ TF tBra;Jer AL, Seth: f’ g "'gf‘ ,1\/' ’ C?'r:( ’ deesse ﬁ‘ld (20072"7/_/3?”7;010 hilus Zaler;vo/g/ t[/)c.usizg,g.h;mgg
interpretive criteria to the yearly supplemental tables. However, no systemic re-evaluation of the H. o When testing the BLNAR isolates, high rates of disk diffusion categorical 012 - a 0.06 - respiratory tract commensa’ to be diSUNgUIShec rom Hasmophiius inriuenzas. Jiniect LIs 199. ¢ 1-69.
: . . . . _ . 0.25 - "o | | 14.Takahata S, Ida T, Senju N, Sanbongi Y, Miyata A, Maebashi K, Hoshiko S (2007). Horizontal gene transfer
{nfluenzae breakpomts have been forthcoming as demanded by the greater. emergencle of BLNAR errors were observed (Table 2; F|gure 1A—H), with very major errors ranging <=0-121 teor e o | <=0.03 - 4451015106 6 5 2 1 of ftsl, encoding penicillin-binding protein 3, in Haemophilus influenzae. Antimicrob Agents Chemother
iIsolates and resistance to other drugs used to treat CA-RTI (mainly fluoroquinolones with MIC values from 0.0 (ceftriaxone and ciprofloxacin) to 12.5% (amoxicillin/clavulanate) <012 - | <=0.08 | | feeteta sean 1o 51- 1589-1595.
of >0.06 pg/ml). Furthermore, discorfj§ between CLSI tgsting of H. influenzae l:.)y MIC and disk diffu§ion . : N : . | | | | | | | | | | | | | | | , | i - o e 15.Zerva L, Biedenbach DJ, Jones RN (1996). Reevaluation of interpretive criteria for Haemophilus influenzae
methods have been observed, additional problems with HTM lot-to-lot quality, suspected flaws in Acceptable 'nterme_thOd error. rates and high categorical agreement were 5 O a2 biameter o) 25 30 ° 10 bisk 2one Diametor () 2 %0 TP ezenebameter " isk Zone Diameter (mim) by using meropenem (10-microgram), imipenem (10-microgram), and ampicillin (2- and 10-microgram)
quality control ranges and unexpected favorable clinical outcomes using “supposed inactive” agents only observed for ciprofloxacin. disks. J Clin Microbiol 34: 1970-1974.
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