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Susceptibility testing. The Enterobacteriaceae isolates were susceptibility tested against more than 25 antimicrobials e Two medical centers in Italy had single E. cloacae isolates carrying blauw-1. These isolates e Two epidemiologically distinct SME-2-producing Serratia marcescens were isolated from
AMENDED A B ST R AC T by the broth microdilution procedure as described by the CLSI using validated dry-form panels manufactured showed distinct molecular typing patterns C o N C L U S I o N S

by Trek Diagnostics (Cleveland, OH, USA). Interpretations of susceptibility to all antimicrobials tested were by a medical center in Texas, whereas one KPC-3-producing S. marcescens was recovered
Background: Enterobacteriaceae (ENT) strains with decreased susceptibility (S) to carbapenems (CRB) were CLSI (2005) criteria, where available. Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, _ _ _ L _
evaluated for the production of carbapenemases (CPase). Enterococcus faecalis ATCC 29212 and Pseudomonas aeruginosa ATCC 27853 were routinely included in the * Four Enterobacter cloacae isolates from two sites in the USA (Virginia [three isolates] and from a New York medical center (Table 3). e Metallo-B-lactamase (V IM-1 and IM P—‘]) producing K
Methods: ENT strains collected through the SENTRY Program were tested for S by CLSI broth microdilution testing for quality assurance. New York City [one isolate]) showed amplification products for blaxkec primers (KPC-2/3), : dE cf d ip| d . .
methods against imipenem (IMI), meropenem (MER) and >25 antimicrobials. Isolates with elevated MIC values | | | | o o while one E. cloacae strain isolated in New York in 2001 was observed to harbor pneurnoniae an . cloacae caused muitiple eplaemics Iin
for CRB (> 2 pg/ml for IMlI and MER), except indole+ Proteae and P mirabilis, were screened for production Screening for carbapenemases. Enterobacteriaceae isolates with reduced susceptibility to imipenem and b ble 2 |
of metallo-B-lactamase (MBL) and group 2f B-lactamases (2f BL) by disk approximation (DA) tests using EDTA meropenem (MIC > 2 pg/ml) were tested for production of carbapenemases. Indole-positive proteae and Proteus am-1 (Table 2). e Dblakec2/s Was identified in 10 isolates (one E. coli, three E. cloacae, two K. oxytoca, four Greece and Tu rkey’ reSpeCtlvely- HOWGVGF, these enzymes were
and 2-MPA as inhibitors of MBL and clavulanate as an inhibitor of 2f BL. Isolates with positive DA tests were mirabilis were excluded since these species are inherently less susceptible to carbapenems. : : :
evaluated by PCR using generic primers for IMP, VIM and SPM when DA was positive for MBL; and for KPC, | o | - o * None of the E. aerogenes isolates with elevated carbapenem MIC values (n=21, 19 from K. pneumoniae) that had a negative disk approximation test for serine carbapenemases. not detected among Enterobacteriaceae isolates in North
SME, IMI _and NmcA when DA was posrc!ve for gf BL. Sequgncmg was performed in selected Strglns to. e Disk 6}.DIOIVOXW%VUO”- Potential carbapenemas.e producers were screened using d|3k_ qpproxmatlon European medical centers) were found to produce a carbapenemase. America or Latin America.
characterize the enzyme. CPase-producing strains were epidemiologically typed by automated ribotyping techniques. MBL screens were performed using imipenem, meropenem and ceftazidime as substrates
and PFGE. and EDTA as well as 2-mercaptopropionic acid (2-MPA) as B3-lactamase inhibitors. Screening for serine Table 2. Summary of the results on the evaluation of Enterobacteriaceae strains with decreased susceptibility
Results: Among 37,577 strains evaluated, 117 (0.31%) had increased CRB MIC values and a CPase was carbapenemases was achieved by a method described by Pottumarthy et al. (200_2) in which imipenem e KPC-2/3-producing K. pneumoniae isolates with identical molecular typing patterns were to carbapenems. . _ _ o
identified in 49 (42%) strains. The results are summarized in the table. and meropenem were used as substrates and clavulanic acid as the B-lactamase inhibitor. identified in two distinct medical centers located in the New York City area, indicating - g ¢ Many families of serine Carbapenemases were identified damong
. . L . range (ug/m . : —_ : :
No. of isolates e PCR. Isolates with positive disk approximation test for MBL were screened for blawe, blavm and blaspu using mter—hospltal transmission of resistance clones (Table 3)' Organism No. tested  No. (%) of isolates Imipenem  Meropenem  No.of  Carbapenemase  Organism (no.) Country (state) mUItlple genera Of enterlc baCI”' ISOIated N the USA, eSpeCIa”y
Organism Tested Increased PCR + PCR primers described elsewhere. Because some strains producing serine carbapenemases may have with elevated CRB MIC isolates type : : TP
o - CRBsMIC . Kiza:e( 2(;1) lj?;:f(‘lt\;’\y()(swte) a negative disk screening test result, isolates with elevated carbapenem MIC values and negative PCR e Two non-clonal Citrobacter freundii isolates from a New York medical center showed it PR around the New York Clty area, but also In VI rginia, Arkansas
Itrobacter spp. , - . . . . . :
EnterobacterF;F;)p. 5906 = 19 (E. cloacae) IMPA (1) Turkey results for MBL genes were screened for IMI, KPC, NmcA and SME genes. ampllflcatlon product with blakec primers (KPC-3; Tables 2 and 3)_ E. coli 20,138 4 (0.02) 2-8 4-8 2 KPC-3 E. coli (2) USA (NY) and Texas_
VIM-1 (2) ltaly j - . i umoni
KPC-2/3 (5) USA (AK, NY, VA) Gene sequencing. PCR amplicons for the carbapenemase genes were sequenced using a Sanger-based dideoxy Klebsiella spp. Beie 46(0:51) 2>8 2>8 23 \é'F',V'CjQ P }’2 gzzuzg’;;: E?)O) (jrse:‘(’fmb
IMI-1 (1) USA (NY) sequencing strategy involving the incorporation of fluorescent-dye-labeled terminators into the sequencing Table 1 In vitro activit . : : : : : : K. oxytoca (4) USA (NY,VA AR) A : . . .
. ) _ _ , , . y of select antimicrobial agents against five groups of Enterobacteriaceae isolated in North y ot ®
i-leﬁ:_e”a sop. (KSP) 205;38 4‘2 23 19 K. oneumoniae \P;:IDVIC_E(S(BZ)) g.rSeA(; S:Y) reaction products. Sequences obtained were compared to the available sequences via NCBI BLAST search. e, Lt Anieies are) S i (s 205 - 2004 e 26 par o i SRR Adiicrelss e osacter e 3200 1o - . . .  coscae i e This Is the first report of Citrobacter freundii and Serratia
' ’ ' Surveillance Program. | | | ] ' 2 i
and 4 K. oxytoca) KPC-2/3 (14) USA (NY, AK) Epidemiological studies. Multiple isolates from the same medical center harboring carbapenemases belonging ﬁ'ﬁ”cfz,s E ZZZE:: % ILt,aslx (NY, VA) marcescens harbOrlng bl aKpPC-3.
Serratia spp. 2175 9 3 KPC-3 (1) USA (Ny’) to the same family were typed using the Riboprinter™ Microbial Characterization system. Isolates with identical MIC (ug/ml) % by category KPC-2 E. hormaechei (1) USA (NY)
SME-2 (2) USA (TX) ribotypes were further characterized by pulsed-field gel electrophoresis (PFGE). Organism/antimicrobial agent (no. tested) 50% 90% Range Susceptible I IMI-1 E. cloacae (1) USA (NY) _ . _ _ _ _ _
: : : : : : : Citrobacter spp. 1,061 3 (0.28) 2-4 2-4 2 KPC-3 C. freundii (2) USA (NY) ¢ There IS an Immedlate need tO Contaln the dISSGmlnathn Of
In general, strains with MBL were observed in Europe (EU) while strains with 2f BL were observed in the USA. RE 1T E. coli (20,138) : :
KPC-like enzymes were identified in 7 species and in 5 USA medical centers (MC), but most were identified S U S Imipenem 0.12 0.5 <0.06->8 ~909.9 <0.1° Serratia spp. 2,175 9 (0.41) 8->8 2->8 3 SME-2 S. marcescens (2)  USA (TX) Carbapenemases, espeC|a||y IN the USA and Southeastern
in KSP isolated from 2 MC in NY. Dissemination was mainly clonal and gene sequencing demonstrated Meropenem <0.06 <0.06  <0.06-8 >99.9 0.0 aiSas <h MEIGESEEIB (1) i ) : C o C
" g ] ] " p
blakec» and blakpc-s. e Qverall susceptibility and resistance patterns of Enterobacteriaceae isolates to key B- Ceftazidime <1 2 <1->16 96.9 2.1(5.3)° + Range of imipenerm and meropenerm MIG valuss among the Enterobacteriaceas isolates with reduced susceptibilty to carbapenems Eu rope, In order to preserve the act|V|ty of this |mportant class
Conclusions: The occurrence of CPase-producing ENT is still rare but appears to be increasing in some lactams. aminoalvcosides and fluoroauinolone compounds are presented in Table 1. Ceftriaxone <0.25 <0.25  <0.25->32 96.6 2.6(4.5)° 5 SEme ups were isolated from two medical centers. | : :
regions, mainly MBLs in the Mediterranean EU and KPC in the NY area : ’ I : . : P p. : e Aztreonam <0.12 025 <0.12->16 96.7 2.6(5.3)° Abbrevir:tirg)snsn= g;;,g :;rtr)):pei:aem?(i?n?penrgrr: ang gsro;ZnZ?:) - Of B'IaCtamS agalnSt Entero baCterlaceae and Other Gram'
! ' Imipenem and meropenem remained the most active agents against enteric bacilli with - " _
( ; Piperacillin/Tazobactam 2 4 <0.5->256 96.3 1.8 negative baC|”|
virtually no resistance in E. coli (only three isolates with imipenem MIC of > 8 pg/ml, and Gentamicin <2 <2 <2->8 93.2 6.0 :
INTRODUCTION only one resistant), 0.1% in Citrobacter spp., 0.2% in Klebsiella spp. and Enterobacter viprefioxacin 0 ’ o - e Table 3 Epidemiological profiles of carbapenemase-producing Enterobacteriaceae isolates
Enterobacteriaceae comprises a major group of pathogens causing hospital-acquired infections. “Third-generation” , _ , . . . . :\Telfoe nee:;m <88§ <8.86 iggg:i?a ggg 83 Carbapenemase Location of medical center Organism Molecular typing (no. isolates)
cephalosporins are considered excellent choices for treating infections caused by these enteric bacilli. However, e E. col ranked_ h'gheSt N th? frequency of isolation compared t? cher gnterlc bacilli and Ceftazidime ) 6 =0.19-216 86,0 11.4(18 7 Metallo-B-lactamases SELECTED REFERENCES
the emergence and (_jisseminatic?n of gxtended spectrum B-lactamases (ESBL’s) has compromised thg use of generally_/ exhibited low reSIS?tance rates .’[O most CllasseS of antimicrobials, except for Ceftriaxone <025  >32 <0.05-532 85 1 10.1(19.4) VIM- Italy E cloacae 258.261.6 (1)
these agents in certain geographic regions. As a consequence, the use of carbapenems has increased significantly fluoroguinolones (13.4% resistance to ciprofloxacin; Table 1). Aztreonam <0.12  >16 <0.12->16 83.8 14.6(19.4)° 105.225.4 (1) Bradford PA. Bratu S. Urban C. Visalli M. Mariano N. Landman D. rahal JJ. Brooks S. Cebular S. Quale
in some hospitals and carbapenem-resistant Gram-negative bacilli have started to emerge. Piperacillin/Tazobactam 2 64 <0.5->256 86.9 8.9 Greece K. pneumoniae 258.211.6/D (5) ’ ’ ’ g g . ; ’ ’
. _ | Gentamicin < -8 <258 85 2 13.3 105.736.5/C (1) J. (2004). Emergence of carbapenem-resistant Klebsiella species possessing the Class A carbapenem-
Gram-negative bacteria can become resistant to carbapenems by over-production of AmpC B-lactamases usually * Kopn eoum oniae was the second most frequently 'SOlateq _EntembaCte”ace?e’ and 1_8'7 Ciprofloxacin <0.03 1 <0.03->4 90.3 8.1 258.258.4/E (2) hydrolyzing KPC-2 and inhibitor-resistant TEM-30 B-lactamases in New York City. Clinical Infectious
associated with loss of outer membrane porins and/or efflux pumps. The production of metallo-B-lactamases - 19.4% of isolates showed an ESBL phenotype. In addition, 13.3 and 8.1% of strains 105.444.1 (1) Disease 39:55-60.
(MBLs) or carbapenemases of Bush group 2f may also confer high-level resistance to carbapenems. The fact were resistant to gentamicin and ciprofloxacin, respectively (Table 1). Enterobacter spp. (5.206) IMP-1 Turkey (Ankara) E. cloacae 258.250.1/B (4)
that these B-lactamase genes are generally located on plasmids or transposons facilitates the dissemination of :\T;ffgsr:gm igg i 3 o igg;i q ggg 83 ggg;?gg’é (é)) Bratu S, Landman D, Alam M, Tolentino E, Quale J. (2005). Detection of KPC carbapenem-hydrolyzing
these potent resistance mechanisms. e Enterobacter spp. showed high rates of resistance to ceftazidime (22.4%) and aztreonam Ceftazidime <1 >16 <1->16 73.4 22 4 Turkey (Istanbul) E. cloacae 258.213.5 (1) enzymes in Enterobacter spp. from Brooklyn, New York. Antimicrobial Agents and Chemotherapy 49:776-
0 indi ' ' ' ' ' Ceftriaxone <0.25 32 <0.25->32 75.8 13.9
Carbapenemases with a metal ion (typically Zn*) at the active site, commonly called MBLs, were initially detected (19.4%), indicating a high prevalence of strains V\{Ith stably derepressed proc?luctlon of ot < > < _> - 778.
_ _ _ _ _ _ AMoC B-lact ble 1). | trast. S ; highl tible t Aztreonam <0.12  >16 <0.12->16 75.1 19.4 Serine carbapenemases
in non-fermentative Gram-negative species, such as Stenotrophomonas, Pseudomonas and Acinetobacter, mainly mpC B-lactamases (Table 1). In contrast, Serratia spp. were highly susceptible to Piperacillin/Tazobactam 5 64 <0.5->256 27 7 10.0 KPC-2/3 New York (A)? 7 el 258.274.8 (1) o | o | o
in Asia, Europe and South America. In the last few years these carbapenemases have been described in some cephalosporins and monobactam (90.7 - 99.6% susceptible), but showed the highest Gentamicin <2 8 <0_>8 88.4 10.1 258.274.7 (1) Clinical and Laboratory Standards Institute. (2005) Performance standard for antimicrobial susceptibility
enteric bacilli, such as Klebsiella pneumoniae, Enterobacter spp. and Serratia spp. carbapenem resistance rates (0.3 - 0.4%). Ciprofloxacin <0.03 4 <0.03->4 87.2 10.9 E. cloacae 105.539.8 (1) testing. Document M100-S15. Wayne, PA:CLSI.
E. hormaechei 105.937.8 (1)
Th i b Bush 2) h b dicall rted f E d the United States, oo _ _ Citrobacter spp. (1,061) E. coli 258.185.5(1) : : . . .
€ serine car apenemases (Bush group 2f) ave been sporadically reported from turope and the United states e Reduced carbapenem susceptibility was detected in only four isolates among over 20,000 Imipenem . 1 il 99.9 0.1 105.1177.6 (1) Hong T, Smith Moland E, Abdalhamid B, Hanson ND, Wang J, Sloan C, Fabian D, Farajallah A, Levine
until recent reports of outbreaks of KPC-producing K. pneumoniae in the New York City area. These enzymes . . = = J, Thomson KS. (2005). Escherichia coli: Development of carbapenem resistance during therapy. Clinical
fi f ies of - - ing i i E. coli isolates evaluated (Table 2). Two of these isolates, both from New York, had the Meropenem <0.06  <0.06  <0.06-4 100.0 0.0 K. oxytoca 105.1784.3 (1) ) - - - P P 9 PY.
have been confined to very few species of Enterobacteriaceae, but are rapidly emerging in many medical centers _ I Coftazidime < 16 <5916 83 g 141 258.274.1 (1) Infectious Disease 40:684-686
in other parts of the United States (USA). bla}fPC-S. They were isolated two years apart (2002 and 2004) and showed distinct molecular Cottrinxone 20.95 35 20.25-530 85 o 6.1 K. pneumoniae 105.497.1/C (2)
typing patterns (Table 3). Aztreonam <012  >16 <0.12->16 84.5 12.0 105.520.4/C (1) | | L . | » |
Ehf detg);recte of resista:ce to CGEbLapengms_, maPy vary gignificantg/ among CID\ilrgaanemase—proﬂucr:pgh . F e 5 32 <1-256 36.8 5 3 258.249.7 (1) I(_ZuozozgroEF, Docqwer J% C;ol_ln”on C, Endlmlanl A(,jl_;r?ba;)dl C? Ar}nlcosantlg G IR.osal%ctlml G;‘I\’:Ih Tc\>/r|1||\§|>lc£>1 A.
nterobacteriaceae. Among -producing P, aeruginosa, carbapenem values are usually high, bu : . i ) Gentamicin <2 <2 <2->8 915 70 105.203.3 (1) . Emergence in Klebsiella pneumoniae and Enterobacter cloacae clinical isolates of the -
carbapenemase-producing Enterobacteriaceae may show imipenem and meropenem MIC values within the ° Fourteen.K/ebSlella PP ISOIat.eS were found T[O produce KPC-2 c?r KPC-3 enzyme, 12 from Ciprofloxacin <0.03 1 <0.03->4 90.4 8.1 258.273.2 (1) metallo-B-lactamase encoded by a conjugative plasmid. Antimicrobial Agents and Chemotherapy 48:648-
susceptible category when using the Clinical and Laboratory Standards Institute (CLSI, formerly National Committee two medical centers located in New York City (10 K. pneumoniae and two K. oxytoca), S. marcescens 105.716.5 (1) 650.
for Clinical Laboratory Standards [NCCLS]) breakpoints. In the present study, we screened Enterobacteriaceae and one each from medical centers located in Virginia and Arkansas (Table 2). Serratia spp. (2.175) New York (B) K. pneumoniae 105.497.1/C (2)
with reduced susceptibility to carbapenems for carbapenemase genes among SENTRY Antimicrobial Surveillance Imipenem 0.5 1 <0.12->8 99.4 0.4 105.520.4/C (2) | | . . o o
Program isolates collected in the 2000-2004 period L . , , Meropenem <0.06 0.12  <0.06->8 99.6 0.3 Virginia E. cloacae 105.226.3/A (2) National Committee for Clinical Laboratory Standards. (2003) Methods for dilution antimicrobial susceptibility
' e blavm-1 was detected in nine K. pneumoniae isolates from one medical center located Iin Ceftazidime <1 5 “1->16 95 4 34 258.274.5 (1) tests for bacteria that grow aerobically. Document M7-A6. Wayne, PA:NCCLS.
Greece. Two major clusters were observed along with two unique isolates Ceftriaxone <0.25 8 <0.25->32 90.7 4.7 K. oxytoca 258.273.8 (1)
Aztreonam <0.12 4 <0.12->16 93.1 5.8 Arkansas K. oxytoca 258.277.1 (1 _ _ _ _ . _ _
MATERIALS AND METHODS (Tables 2 and 3). Ssereellin Tz baEE 5 30 <0.5-5256 396 58 IMI-1 New York (A)° £ C,O};C% 558 69.3 (1() ) Nordmann P, Poirel L. (2002). Emerging carbapenemases in Gram-negative aerobes. Clinical Microbiology
o . . . Gentamicin <2 8 <2->8 89.2 8.8 SME-2 Texas S. marcescens 258.249.6 (1) Infection 8:321-331.
Bacterial isolates. In the 2000-2004 period the SENTRY Program collected 44,219 Enterobacteriaceae isolates e Eleven E. cloacae isolates harboring blawe.1 were isolated from Turkey (18 from Ankara Ciprofloxacin 0.12 : <0.03->4 91.3 5.3 258.275.3 (1)
from medical centers located in North America, Latin America and Europe. The isolates were consecutively and one from Istanbul). Based on the molecular typing results, three distinct clones were o S. Smith Moland E. J ko S. S SR. Th KS. Eritsche TR. (2003). NmcA
collected from bloodstream infections, skin and soft tissue infections, urinary tract infections and pneumonia in . e ' yPIng ’ a. Only one isolate resistant to imipenem. a. Designations A and B represent two different medical centers in New York City, USA. ottumarty 5, smit violand k&, L_JretSC 0o, swahzy oh, Thomson ke, ritsc e 1n. ( . ) me
hospitalized patients according to a common protocol. Only isolates considered clinically significant were included identified in 2003 and 2004. The IMP-1 producing isolate from Istanbul was unrelated to b. Percentage of isolates with ESBL phenotype (MIC, > 2 pg/ml). Abbreviations: ND, not determined. carbapenem-hydrolyzing enzyme in Enterobacter cloacae in North America. Emerging Infectious Diseases
in the study. Species identification was confirmed by standard biochemical tests and Vitek cards, where necessary. any of the clones from Ankara (Tables 2 and 3). 9:999-1002.




