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Susceptibility Test Methods. All strains were tested by the reference broth microdilution method in

Table 1. Longitudinal changes occurring in the ranking of common pathogens in patients hospitalized Table 4. Longitudinal variability in the frequency of ESBL phenotypes among E. coli and Klebsiella

ABSTRACT

Mueller-Hinton broth (with 5% lysed horse blood added for testing of streptococci and Haemophilus

. , , _ _ o _ _ with pneumonia in Europe, Turkey and Israel (1998 - 2004).
Test Medium for testing of H. influenzae) against a variety of antimicrobial agents representing the most

spp. in Europe, Turkey and Israel (1998 - 2004).

Objectives: TO gharactgrizg changfes In t.he frequency of occurrence of bacterial pathogens responsible common classes and examples of drugs used in the empiric or directed treatment of the indicated Prevalence (%) of ranked species/groups by year (no tested): % ESBL phenotype by year®
for pneumonia in hospitalized patients in Europe for the years 1998-2004 and examine select h int ati £ MIC it . g th CLS| criteria. Enterobacter h Organism (total tested: %) 1998 1999 5000 5001 5002 5004 Oraanism/antimicrobial . 598 595 5000 5001 5005 5004
antimicrobial susceptibilities (S) for predominant pathogens. The emergence of resistance (R) among pathogen. Interpretation o resiJ .s was in accor .ance Wi criteria. Enterobac e.rlaceae Wi g : e = 20 — — 20 RIS Tl
pathogens responsible for pneumonia has resulted in changes to empiric therapy, with increasing elevated MICs (> 2 mg/L) for cefta2|d|me.and/or ceftriaxone arid/or aztreonam were cohgden‘ed as B A S ] (2,2.3) (2 6.9) (2,6.6) (2,2.3) (1,9.7) (2,0.5) E. co)/A g[]:)e otr?aS::d) (2_72) (293) 1(82 (122 (1 2.292 (1 ?2
reliance upon third- and fourth-generation cephalosporins, beta-lactam/beta-lactamase inhibitor extended-spectrum B-lactamase-producing phenotypes. Quality control (QC) strains utilized included S. aureus (1,828; 21.7) 19.8 15.7 17.4 22.3 26.0 23.0 Ceftazidime 8.2 3.3 9.3 8.6 7.1 8.7
combinations, carbapenems and fluoroquinolones. E. coli ATCC 25922 and 35218, P aeruginosa ATCC 27853, H. influenzae ATCC 49247, S. aureus ATCC Klebsiella EEE (735; 8.7) 8.2 10.0 10.2 8.8 7.0 9.8 Ceftriaxone 6.2 0.0 5.2 6.6 4.2 7.8
Methods: ParTICIpa’[Ing European medical centres (1 0'31/year) in the SENTRY Program referred 50 29213, S. pneumoniae ATCC 49619 and Enterococcus faecalis ATCC 29212; all QC results were within gn?eorlcl)t()zi?‘,er?sdgp (589: 7.0) ;g gg (733 (732 (733 2:73 Klebsiella spp. (no. tested) (108) (54) (141) (184) (144) (104)
consecutive, non-duplicate pathogens (8,419 isolates) from lower respiratory tract sites determined . bt S ' ' ' ' ' ' Aztreonam 14.8 25.9 29.1 23.4 11.8 26.9
HHVR Pe . ) D CLSI specified ranges. S. pneumoniae (467; 5.5) 5.3 5.6 3.7 6.0 6.7 4.9 Ceftazidime 120 55 0 548 517 119 53 1
to be significant by local criteria as the probable cause of pneumonia. All identified isolates were H. influenzae (459; 5.4 4.3 5.4 4.5 5.1 7.8 4.0 : ' ' ' ' ' '
(RRE 94 Ceftriaxone 16.7 202 27.0 23.4 13.2 26.9
tested for S by the broth microdilution method [NCCLS M7-A6, 2003] and results interpreted using Acinetobacter spp. (441; 5.2) 4.6 7.8 8.5 4.3 4.1 4.4
CLSI [M100-S15; 2005] breakpoint criteria. g maltophilia (2;(7)5 226)4 :232 g; :232 ?; 12§ 123; a. ESBL rates were based upon CLSI recommendations (M100-S15) with MIC values > 2 mg/L for ceftazidime or ceftriaxone
Results: Rank order of principle pathogens and changes in select S are in the Table: RE S U LT S - marcescens (203; 2.4) ' ' ' ' | ' or aztreonam.
MIC,,4, in Mg/L (%S)
Soon . . " : ) :
(12337280%2 %)requency Antimicrobial Agent 1998 2004 The composition of the six top ranked pathogens did not Change Table 2.  Resistance profiles among key pathogens causing nosocomial pneumonia from patients C O N C L U S I O N S
P. aeruginosa (PA; 22.3/20.5) Ceftazidime (CAZ) 2/>16(78.8) 4/>16 (74.2) over the study interval; the rank order did, however, with P hospitalized in Europe, Turkey and Israel (1998 - 2004).
Imipenem (IMI) 2/>8 (74.0) 1/>8 (70.0) . . . . .
Ciprofloxacin (CIP) 0.25/>2 (78.8) 0.25/>2 (63.1) aeruginosa, S. aureus, Enterobacter spp., Klebsiella spp. and E. MIC., (mg/L)/%Resistant™" 0 Although short-term declines in resistance rates were
S. aureus (SA; 19.9/23.0) Oxacillin (OX) 0.5/>2 (62.3) 0.5/>2 (59.3) : : : : . Organism (no. tested/ antimicrobial agent 1998 2000 2002 2004 :
Gentamicin 0558 (150 <258 (823 coli being predominant in 1998 and S. aureus, P aeruginosa, b soruoinosa (1.889) documented among some pneumonia pathogens (S.
iprofloxacin 25/> : > : ) L
. i : . : Ceftazid 2/17.5 4/25.1 2/17.2 4/19.4 . :
Enterobacter spp. (ESP; 9.2/6.3) Ceftaziime. 05518733) <ieeen Klebsiella spp., E. coli and Enterobacter spp. in 2004 (Table 1). e e 5.6 484 i pneumoniae) from Europe, Turkey and Israel, all major
: . : N ' A ' Piperacillin/tazobactam 4/13.7 8/18.6 8/17.7 8/24.0 . . . :
Klebsiella spp. (KSP; 8.2/9.8) Ceftriaxone (CRO) <=0.25/32 (85.2) <=0.25/>32 (78.8) :
Ceftriaxane | Bt e d impener 2N n7s i vir species showed increasing resistance to most class agents
E. coli (EC; 7.4/9.7 Ceftri =0.25/0.5 (96.9 =0.25/<=0.25 (92.2 : : : : , , - ; ; ; -
ol ) o 01200 —ooveaten e Increasing resistances were apparent with most key organism/ Ciprofloxacin 025/17.8  <025/295 025/233  025/313 during the study period (1998 - 2004).
S. pneumoniae (SPN; 5.3/4.9) Penicillin (PEN) <=0.03/2 (72.9) <=0.03/2 (69.2) - . . . . . crpe . . S. aureus (1,828)
Erythromycin (ERY) <=0.25/>8 (71.4) <=0.25/>8 (71.2) antimicrobial combinations, including oxacillin and ciprofloxacin Oxacillin 0.5/37.7 1/47.9 0.5/35.1 0.5/40.7
_ o _ _ Erythromycin 0.5/43.5 1/48.7 0.5/36.8 0.25/39.1 P ' ' _ ' '
The composition of the six top-ranked pathogens did not change over the study interval; the rank amOng S aureus,; Ceftnaxone, CeftaZ|d|me and CIpI’OfloxaCIn Clindam.yc.:in 0.12/31.5 0;1 2/32.5 0;1 2/20.9 0;1 2/23.9 The Increase N ESBL prOd UC|ng Stra|nS among
order did, however, with PA, SA, ESP, KSP and EC being predominant in 1998 and SA, PA, KSP, EC : _ .y . Gentamicin SN Sl e =2/18.3 = Enterobacteriaceae, and multidrug resistance among P
among Enterobacteriaceae; and ceftazidime, cefepime and Ciprofloxacin 0.25/33.5 1/47.9 0.5/36.4 1/48.1
and ESP in 2004. Decreasing S were apparent with most key organism/antimicrobial combinations, ’ ’ Quinupristin/dalfopristin 0.25/0.4 0.5/1.2 0.25/0.7 0.5/0.4 aeruginosa and Acinetobacter Spp (except for pOl mvxin
including OX and CIP among SA; CRO, CAZ and CIP among Enterobacteriaceae; and CAZ, IMI and Ciprofloxacin among P aeruginosa (Table 1). Vancomycin 1/0.0 1/0.0 1/0.0 1/0.0 " y y
CIP among PA. PEN and ERY S among SPN decreased until 2000 (66.7 and 49.0%, respectively), Klebsiella spp. (735) B), were especially worrisome; elevated rates in many
increased significantly in 2001 (84.9% S), and returned to near-1998 levels in 2004. ESBL-phenotypes Ceftriaxone <0.25/8.3 <0.25/9.2 <0.25/5.6 <0.25/12.5 : : : :
(CRO or CAZ or aztreonam MIC >= 2mg/L) remained essentially unchanged among EC between 1998 . Penicill d th : - S . ggi;)zl'rig“e ig-iggg S<Od1122//13959 <§11/26/-22 511/ 125/3%47 locations appear due to epldemlc or endemic clones that
and 2004 (8.2% and 8.7 %, respectively), whereas among KSP increases were more substantial eniciin and erythnromycin resistances among o. pneurmoniae Piperacillin/tazobactam 956 " 9/12.8 276 " 4/90.2 can persist in the hospital environment for extended periods
(16.7% and 26.9%). Metallo-beta-lactamase-producing PA were identified during the study from ltaly increased until 2000 (1 7 6 and 51.0%. respectivel ) decreased Imipenem 0.25/0.0 0.12/0.0 0.12/0.0 <0.12/0.0 .
(2000-2001; 10 isolates, clonally-related; VIM-1), Germany (2002; one isolate; GIM-1) and Greece . -J 70, P Y) Ciprofloxacin <0.016/2.8 <0.25/5.7 <0.03/5.6 <0.03/14.4 of time.
(2004; two isolates; VIM). significantly in 2002 (to 10.1 and 23.9%), and returned to near- sentamicin oa8 =112 I 1o
Conclusions: Although temporary R declines were seen among some European pneumonia pathogens, _ o = CO’A i\fiioc)"”n PRy . _— A
all showed increasing R to most class agents during the study period. The increase in ESBL among 1998 levels in 2004 (13.5 and 28.8%; Table 2). Coftriaxone 20.95/2.1 <0.95/9 1 <0.95/3.5 20.25/6.8 O Continued longitudinal comparisons of emerging pathogens
Enterobacteriaceae, and R among PA to most agents except polymyxin B, are especially worrisome. Ceftazidime <0.12/3.1 <0.12/1.0 <1/3.5 <1/3.9 : (g . ‘o
Continued longitudinal comparisons of emerging pathogens and changing susceptibility profiles are Cefepime <0.12/3.1 <0.12/12.1 <0.12/2.1 <0.12/3.9 and Changlng SUSCepthlllty pI’OfI|GS are critical elements
critical elements in guiding empiric therapies and epidemiologic interventions. ¢ Over the sampled years MLSB—resistance was higher for strains i?tﬁs;?g:in/taZObaCtam 0.21/21/8.0 0.11/23/'3.0 0.21/22/3.0 50?1/2'/%.0 N gUIdIﬂg future empiric therapies and epidemiologic
o _ o _ Ciprofloxacin <0.016/3.1 <0.25/6.2 <0.03/11.3 <0.03/20.4 : .
exhibiting a ribosomal target modification phenotype (57 to 88% Gentamicin 1/7.2 <1/7.2 <2/4.9 <2/8.7 Interventions.
. . Enterobacter spp. (589)
INTRODUCTION and 53 to 82% of S. aureus and S. pneumoniae, respectively; Coftazidime 05250 05209 <1262 ct/22.4
Cefepime <0.12/1.7 <0.12/1.1 <0.12/0.0 <0.12/0.0
Pneumonia accounts for nearly 15% of all hospital-associated infections and ranks first in the intensive Table 3). ::iﬁg;i‘gi'r'l”/ tazobactam 022%20 025670 3/51 /10'% 02/57 /'f5 S E L E C T E D R E F E R E N C E S
care units, where it is often associated with high fatality rates. Early recognition of disease and prompt Ciprofloxacin <0.016/12.5 <0.95/7.7 <0.03/7.6 <0.03/10.4
empiric antimicrobial therapy are cornerstones of patient management to minimize morbidity and mortality. Gentamicin 0.5/2.5 <1/6.6 <2/4.1 <2/9.0 - | o o .
Increasingly, resistance among the commonly occurring pathogens including Staphylococcus aureus PY ESBL—phenotypeS remained essentially unchanged amOng E S e e Qllnlcal aind Laboratory Standards Institute. (2005). Performance standards for antimicrobial susceptibility testing, 15th
il i - : - i Penicillin <0.03/15.7 0.03/17.6 <0.016/10.1  <0.016/13.5 informational supplement M100-S715. Wayne, PA: CLSI.
(oxacillin resistance), Pseudomonas aeruginosa and Acinetobacter spp. (multidrug resistance), and Ii bet 1008 d 2004 (8.2 d8.7% fivel h oo Doteras / Ry Ry
: : ! efotaxime : : -/- -/- -/-
B PR I s colr between an (8.2 and 8.7%, respectively), whereas oftriaxone’ b <025-3.9 02529 <0259 Farrell DJ, Jenkins SG, Brown SD, Patel M, Lavin BS, Klugman KP (2005). Emergence and spread of Streptococcus
) ) » 107 ) | ' ] ' ' Erythromycin <0.25/27.1 2/51.0 <0.06/23.9 <0.06/28.8 neumoniae with erm(B) and mef(A) resistance. Emerg Infect Dis 11: 851-858.
combinations, carbapenems and fluoroquinolones. ESBL-like isolates among Klebsiella SPP. increased SUbStantla”y Clindamycin <0.06/21.4 <0.06/27.5 <0.06/19.6 <0.06/23.1 premonias W ®) (A res J I
1 67% and 269% - Table 4). Levofloxacin =L 00 LA L Flanders SA, Collard HR, Saint S (2006). Nosocomial pneumonia: State of the science. Am J Infect Control 34: 84-
In the absence of rapid diagnostic results, local data on the frequency of occurrence and susceptibility ( ’ ) | Lel=mnvel D00 D00 DAL DAL 93.
profiles of these pathogens are often used to guide empiric antimicrobial therapy. Regional surveillance AC’”e;\Oba.Cil‘i.r ?ppl.bméiﬂ . . . 35/53
data is also helpful in determining resistance rates among common bacterial pathogens on a larger scale. , _ _ . Catoaigo o 8/33 3 167653 16754 - Ryl Fluit AC, Schmitz FJ, Jones ME, Acar J, Gupta R, Verhoef J (1999). Antimicrobial resistance among community-acquired
Numerous studies have documented Significant differences in pathogen occurrence and rates of ® MetaIIO_B_IaCtamase_prOd UC|ng R aerugansa were Identlfled Cefepime 4/1 6:7 16/50.6 16/44.-7 >16/57:4 Enegmonia isC;)Iates iﬂ EJU;’O;)GZ FDinSt results from the SENTRY antimicrobial surveillance program 1997. SENTRY
antimicrobial resistance between countries and continents, necessitating careful consideration of - . : Piperacillin/tazobactam 16/28.3 >64/63.6 >64/52.4 >64/78.7 articipants Group. Int J Infect Dis 3: 153-156.
surveillance information in the preparation of therapeutic guidelines. durlng the StUdy from Italy (2000 2001; 10 isolates, Clonally Il EEENT Ui 6.2 [ANEC 158 SRELS . . L . . . Y .
_ _ . _ Amikacin 4/35.0 >32/61.9 16/45.9 >32/57.4 Fluit AC, Verhoef J, Schmitz FJ (2002). Antimicrobial resistance among isolates cultured from patients hospitalized with
L ) ] ) related, VI M_1 ), Germany (2002, One ISOIate, GIM_1 ) and Greece Ciprofloxacin >2/56.7 >2/78.0 >4/64.7 >4/87.2 lower respiratory tract infection in Europe_ Int J Infect Dis 6: 144-146.
The SENTRY Antimicrobial Surveillance Program has monitored the pathogen occurrence and the _ - et v e - T el S
T . . . . . . . . . . rcent resistan S S n I mmen I nts - :
SUSC@_ptlblhty P"Of"eS among Species proc.jucmg |nfect|on§ (?f the iJIoc?dstream, rgspwatory tract, skin and (2 004, two |SO|ateS, VI M) a_ _ i (r:f)t tezféd_a 1S DASEE RO SEOTMEnEEE DIEatPe Hoban DJ, Biedenbach DJ, Mutnick AH, Jones RN (2003). Pathogen of occurrence and susceptibility patterns associated
soft tissue, urinary tract and other sites since 1997. In this investigation, we review data from Europe, c. Non-meningitis breakpoints (CLSI, M100-S15). with pneumonia in hospitalized patients in North America: Results of the SENTRY Antimicrobial Surveillance Study
Turkey and Israel during the years of 1998 - 2004 to characterize regional trends in bacterial occurrence (2000). Diagn Microbiol Infect Dis 45: 279-285.

and susceptibility profiles among the common causes of pneumonia in hospitalized patients.

MATERIALS AND METHODS

Bacterial Strain Collection. A total of 8,419 non-duplicate consecutive clinical isolates were submitted
from 10-31 medical centers located in Europe, Turkey and Israel as part of the international SENTRY

Program (1998 - 2004). All isolates were collected from lower respiratory tract sites and determined to
be significant by local criteria as the probable cause of pneumonia. The distribution of ranking species

o Resistances among Acinetobacter spp. were especially notable
to all B-lactam agents (including carbapenems), aminoglycosides
and fluoroguinolones (Table 2).

o The large majority of P aeruginosa and Acinetobacter spp.

Table 3.

Longitudinal variability of the phenotypic resistance rates to MLSg antimicrobial agents

among S. aureus and S. pneumoniae in Europe, Turkey and Israel (1998 - 2004).

% S. aureus/S. pneumoniae strains resistant to erythromycin

Year (no. tested) 1998 (113/19)

1999 (34/11)

2000 (117/26)

2001 (211/19)

2002 (196/33)

2004 (95/15)

Erythromycin-resistant/
clindamycin-susceptible

Kollef MH, Shorr A, Tabak YP, Gupta V, Liu LZ, Johannes RS (2005). Epidemiology and outcomes of health-care-
associated pneumonia: results from a large US database of culture-positive pneumonia. Chest 128: 3854-3862.

Micek ST, Heuring TJ, Hollands JM, Shah RA, Kollef MH (2006). Optimizing antibiotic treatment for ventilator-associated
pneumonia. Pharmacotherapy 26: 204-213.

National Committee for Clinical Laboratory Standards. (2003). Methods for dilution antimicrobial susceptibility tests
for bacteria that grow aerobically. Document M7-A6. Wayne, PA: NCCLS.

: . . . . ffl henot 2 29/21 33/46 39/47 43/18 40/20
(number of strains; % of total) for all surveyed years was: P aeruginosa (1,889; 22.4%); S. aureus (1,828; remained SUSCGpthle to polymyXIn B (982 and 955%, (Ee tl:]X P enlo-ype.) ey Piazza O, lasiello A, Papaianni C, De Robertis E, Servillo G, Rossano F, Tufano R (2005). Incidence of antimicrobial-
21.7%); Klebsiella spp. (735; 8.7%); Escherichia coli (620; 7.4%); Enterobacter spp. (589; 7.0%); _ _ L c|ri¥1d£?nr§<y;§:[]r£§fai? resistant ventilator associated pneumonia: An eighteen-month survey. Panminerva Med 47: 265-267.
Streptococcus pneumoniae (467; 5.5%); Haemophilus influenzae (459; 5.4%); Acinetobacter spp . (441; respectlvely) with the vast majorlty of MIC values at <2 mg/ L; (ermB phenotype) 71/79 67/54 61/53 57/82 60/80

5.2%); Stenotrophomonas maltophilia (217; 2.6%); Serratia marcescens (203; 2.4%); and others (971;
11.5%).

data not shown.

a. Inducible resistance to clindamycin was not determined.

Ramirez JA (2005). Worldwide perspective of the quality of care provided to hospitalized patients with community-
acquired pneumonia: Results from the CAPO international cohort study. Semin Respir Crit Care Med 26: 543-552.



