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ABSTRACT

by these methyltransferases, and their association with mobile genetic elements,
Background: Alteration of ribosomal targets by methyltransferases (MT: ArmA, :CS adwi)rrlﬁome developt[ne.n’;th?t wil retqullre en?ancetd Illab.ct)rato:y cazabllltleg Suscepti.bilit-y profiling of 40_7 _G'ram'negati_ve iSOlateS_ res_iStant * armA was detected in isolates from Poland (Enterobacter e Use of rigorous aminoglycoside resistance screening criteria (9 agents)
Rmt A, RmtB, RmtC and RmtD) that confer resistance (R) to most a?,]r q evvi(;fg;fepﬁ;%prrlzlizr':;g%Loglfeiﬂgﬁvgrfﬁeﬁe;hzrém'elft?cn;niﬁtssprea to combinations of gentamicin, tobramycin and amikacin cloacae [1 isolate], Escherichia coli [1], Klebsiella oxytoca [1] identified 22 isolates with presumptive 16S rRNA methyltransferases; 20
aminoglycosides (AG), including arbekacin, has recently been reported. armA ! ’ P Jents. revealed 22 strains that were resistant to all 4,6-disubstituted and Serratia marcescens [3]), France (K. pneumoniae [1]) and (91%) were found positive for recognized resistance genes (armA [41%],
and rmtB are most widespread and found exclusively in Asia and Europe. . . | ' ' 99 wer nfirm . | rmtB [36%] or rmtD [14%].

A and rmiC have b P red from J P yr nosa [PSA] %P While the occurrence of 16S methylation by these gene products appears to aminoglycosides, 20 of which (4.9% of total) were co ed the USA (K. pneumoniae and E. cloacae [1 each]) whereas [36%] [14%]
FEA ane Ittty NAVe LEEN TePOTLEd oM Japan v aefuginosa anc =~ be widespread globally, actual prevalence data remains limited. We evaluated to have methyltransferase genes (9 armA, 8 rmtB and 3 rmtD; . . . . .
mirabilis [PM], respectively) and rmtD from Brazil (PSA). We evaluated Enterobacteriaceae and non-fermentative bacilli acquired through global Table 2). rmtB strains were found in the USA (E. coli [1]), Brazil (E. coli e  Among this collection, 19 of 20 (95%) represent new geographic (Europe,
Enterobacteriaceas (ENT) and non-fermentative bacilli acquired through global surveillance programs for the presence of methyltransferases based upon [1] and P. mirabilis [2]) and Mexico (K. pneumoniae [1] and E. USA, Latin America) and/or species occurrences, further demonstrating
surveillance programs for the presence of MT based upon R patterns to resistance patterns to marketed aminoglycosides. Table 1. PCR primer sets utilized in the detection of aminoglycoside cloacae [3]; Table 3). the rapid glol?al emergence of this resi.stanc.:e mechan.ism among
marketed AG. methyltransferase resistance genes. Enterobacteriaceae (previously recognized in P aeruginosa).
. . MATERIALS AND METHODS Pri S L , o
Methods: ENT (262 ]SOlatGS), PSA (95) gnd Acmetobac?‘e.r spp. (ASP; 50) were a::;n :_ rf T:?ggnégGTCﬁACTAﬁCTGCCTAT e rmtD was observed in single isolates from Brazil (Citrobacter e The extraordinary level of resistance produced by methyltransferases
selgcteg on the basis of R tq c?gmblnatlons of.gentamlc:lr.\, topramyCIn and Strain Collection: Enterobacteriaceae (262 isolates), P. aeruginosa (95) and armA-r TC'I‘I'CCA'I‘I'CCC'I‘I'CTCCTI"I; freundii) and Chile (K. pneumoniae and E. cloacae). and the association of their genes with mobile genetic elements, is a
amikacin and further susceptibility (S) tested using CLSI microdilution methods Acinetobacter spp. (50) were selected on the basis of resistance to combinations rMtA-f CTAGCGTCCATCCTTTCCTC worrisome development that will require enhanced laboratory capabilities
nst six other AG. PCR usi . ts desianed from th blished PP- rtA-r TTTGCTTCCATGCCCTTGCC? . L . . . .
against six other Ata. using primer sets designea trom the publishe of gentamicin, tobramycin and amikacin and further susceptibility tested using rmtB-f TCAACGATGCCCTCACCTC | for detection, appropriate infection control practices to limit continued
gene sequences of armA, rmtA, rmitB, rmtC and rmtD was performed on AG- CLSI microdilution methods (M7-A7 [2006]) against six other aminoglycosides rmt(B)—; ggéggigééﬁggngCC sTeTaat ® rmtA and rmtC genes have Only been reported preVIOUSIy from spread and, when detected, reliance on alternative chemotherapeutic
- i el i . . L . . o tC- AAAAA . e

R isolates with products visualized by gel electrophoresis; rmtB and rmtD (apramycin, arbekacin, fortimicin, kanamycin, neomycin, and netilmicin). oy CEOEATACOGRTATGTTAGAATTTGRCTT? P, aeruginosa and P mirabilis (both from Japan) and were not agents.
bands were confirmed by sequencing. Strains were selected for further study based on the MIC results from this rmtD-f CTGTTTGAAGCCAGCGGAACGC identified here (Table 3)

aminoglycoside screen. rmtD-r GCGCCTCCATCCATTCGGAAIAG ' e New aminoglycoside agents that are active against methylated ribosomes
Results: S testing revealed 22 strains that were R to all 4,6-disubstituted AG, 2 OLOYEIIE Ei Ell et Saleiiterels, AULS are critically needed.
20 of which (4.9% of total) were confirmed to have MT genes (9 armA, 8 rmtB High-level resistance to all aminoglycosides in the panel except apramycin . Washino et al. Anfimicrob Agents Chemother 5176754, 2005

and 3 rmtD). armA was detected in isolates from Poland (E. cloacae [ECL],
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and rmtD only from Brazil (P aeruginosa). The high level of resistance produced
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CONCLUSIONS

and neomycin is a defining characteristic of the methylase resistance mechanism Table 2. Aminoglycoside resistance profiles among studied Enterobacteriaceae and their detected resistance genes
E. coli [EC], K. oxytoca and S. marcescens), France (K. pneumoniae [KPN]) (Galimand M, Courvalin P, and Lambert T. Antimicrob Agents Chemother 47: apie = iNoglycosi IStance profiies among stud J ' SELECTED REEERENCES
and the USA (KPN and ECL) whereas rmtB strains were found in the USA 2565-71, 2003). Applying these selection criteria allowed us to detect 19 Study Year ~ Country Organism Amikacin Apramycin Arbekacin Fortimicin Gentamicin Kanamycin Neomycin Netilmicin ~ Tobramycin  Resistance gene
(EC), Brazil (EC and PM) and Mexico (KPN and ECL). rmtD was observed in potential methyltransferase-positive strains. Two additional strains were 2005 Brazil E. coli >128 >128 >128 >128 >128 >128 >128 >128 >128 rmtB 1. Bogaerts P, Galimand M, Bauraing C, Deplano A, Vanhoof R, De Mendonca R, Rodriguez-
Brazil (C. freundii) and Chile (KPN and ECL). No MT were found in this selected on the basis of apramycin susceptibility alone, since aph(3’)-/ is a 2005 Poland £. coll >128 8 >128 >128 >128 >128 2 >128 >128 armA Villalobos H, Struelens M, Glupczynski Y (2007). Emergence of ArmA and RmtB
. . . . .. . . . . . 2005 USA E. coli >128 8 >128 >128 >128 >128 2 >128 >128 rmtB aminoglycoside resistance 16S rRNA methylases in Belgium. J Antimicrob Chemother
collection of PSA or ASP, although an earlier pilot study identified armA in widespread resistance gene that reduces potency of neomycin (Wright GD, 5006 Chile E alepeas >128 4 >128 >128 >128 >128 16 >128 >128 rmtD 50 459-464.
ASP (Venezuela). Berghuis AM, Mobashery S. Adv Exp Med Biol 456:27-69, 1998). A final strain 2005 Mexico E. cloacae >128 4 >128 >128 >128 >128 4 >128 >128 rmtB 2. Chedn L, Chgn ZhL, LilIJ7 JH, Z/eng dZ/|§‘ Ma Jg(, JianngX (2007).|Emerfgence of rmtg rr]nethE/anse-
: SR : : : " 2005 Mexico E. cloacae >128 2 >128 >128 >128 >128 128 >128 >128 rmtB producing Escherichia coli and Enterobacter cloacae isolates from pigs in China.
| | dlsplayed’ high-level resistance to all aminoglycosides tested, e_md wgs posfuve 5006 Menioo E cloncae 108 . 108 108 108 108 . 108 108 iy Antimicrob Chemother 59: 880-885,
Conclusions: New geographic and species results reported here demonstrate for aph(3’)-1 and aac(3)-1V enzymes (data not shown). Including this strain a 5006 Sl - >1208 4 >128 >1208 >1208 >128 <1 >128 >128 . 3.  Clinical and Laboratory Standards Institute. (2006). M7-A7, Methods for dilution
global occurrence of MT among AG-R ENT. Recent emergence of high-level total of 22 were selected for further analysis. 2005 USA E. cloacae >128 4 >128 >128 >128 >128 >128 >128 >128 armA a”t’m’g?"ogi{ SUS%\C}PT’S’/’t)I:’)A?gSLg” bacteria that grow aerobically; approved standard -
. . . . L 2005 Poland K. oxytoca >128 4 >128 >128 >128 >128 <1 >128 >128 armA sevenin eaition. vvayne, FA. -
AG-R is a worrisome development requiring continued monitoring. New AG 5005 ArspErifne 0L erEienEe 108 4 198 108 108 108 3 198 108 Unknown 4. Clinical and Laboratory Standards Institute. (2007). M7100-S17, Performance standards
agents that are active against methylated ribosomes are critically needed. Molecular studies: Primers for diagnostic amplification of the armA and rmtA- 2005  Chile K. pneumoniae >128 > >128 >128 >128 >128 8 >128 >128 rmtD . ’E‘)’giaywe’lﬁ;%’fﬁggg%tgls’t)r’ié‘f}iﬁ’)’;ﬁél7;&’;\";;2{@?;@?(%’ g%%%‘?r’;ger’;gi ayne, P SLSI
D genes were designed from sequences deposited in the Genbank database 2005 Mexico K. pneumoniae >128 2 >128 >128 >128 >128 =) >128 >128 rmtB " against aminoglycosides. Clin Infect Dis 45: 88-94.
or were selected from the literature (Table 1). All primers were designed to gggg E'g‘zce Z pheumonias >1§g g >1§g >]§g >1§g >]§g j >1§2 >1§2 armﬁ 6. DoiY, de Oliveira Garcia D, Adams J, Paterson DL (2007). Coproduction of novel 16S
o , , o _ , . pneumoniae > > > > > < > > arm R 1 -
INTRODUCTION have similar annealing temperatures for simultaneous amplification on a single 2006 Poland S marcescens 128 3 128 128 128 128 16 128 198 oA ;Fe{%girr?oestglsajgtren}:grﬁggﬁ?iﬁi&i@ggﬂgﬁgPcl\//l e1m'gt?7 g’ragfsgggf%%’gfe”domo"’as
thermocycler program. Templates for PCR reactions were prepared by 2006 Poland S. marcescens >128 4 >128 >128 >128 >128 2 >128 >128 armA 7.  DoiY, Ghilardi AC, Adams J, de Oliveira Garcia D, Paterson DL (2007). High prevalence
- - - : : 2005 Poland S. marcescens >128 8 >128 >128 >128 >128 8 >128 >128 armA of metallo-B-lactamase and 16S rRNA methylase coproduction among imipenem-resistant
Aminoglycosides continue to play an important role in antimicrobial therapy ﬁusfe;]?mQQ;D é |?gle1 g Olc.)nytm 100 lfL dOI sterlle \,lcvater' S;Jspenscljons \itv_efre d 2006 Brazi C. freundii >128 4 128 128 >128 >128 16 >128 >128 rmtD Pseudomonas aeruginosa isolates in Brazil. Antimicrob Agents Chemother 51: 3388-
. " . L . eatea 1o or 1TU minutes, coolea 10 room temperature ana centrituge 2006 Brazi P. mirabilis >128 8 >128 >128 128 >128 4 >128 >128 rmtB 3390.
§f|b0th Gram-negstlvg and —pos..lrt]lve Ipa’th.oge.r:js, usual(ljy Ig (;:c;]mbln.atlonllwﬂh to pellet cell debris. The addition of 2 plL of the template supernatant to 5006 Brazi P mirabilis 198 3 ~128 108 64 ~128 3 >128 >128 rmitB 8. Gal_imarlld M,_dCou_rvgli? P It;arr;bgrt T (2(2103).t Plfgénig-l\lrg\ediattﬁdl Tgh-lzv?'l r(_esislt)agce t;)
- : : _ : : e ey i ' 1 dmMinoglycosides 1IN enteropacteriaceae due 1o I me ation. AntimIicro ents
actam agents. Resistance to the class is widespread and has primarily reaction mixtures containing the appropriate primer sets was used to initiate 2005 Chile R mirabilis >128 4 >128 128 >128 >128 o4 >128 128 Unknown O o A7 DBEE. DR 4 J
been the re_SU|t of amlnoegC<?3|de Inactivation thr_ough Fhe Chemlcal ProCesses reactions. . o . . 9.  Galimand M, Sabtcheva S, Courvalin F, Lambert T (2005). Worldwide disseminated armA
of acetylation, phosphorylation and/or adenylation, with varying effects Table 3. Prevalence and distribution of 22 Enterobacteriaceae isolates with @ Methyltransferase genes could not be identified in two isolates Zm;pogly%ozlde rtesg/tqancetfrretgrgl_azsgdr%egg 5% borne by composite transposon Tn1548.
depending upon the particular agent. Since 2003, methylation of 16S rRNA P - ted 16S rRNA methvltrans - - ST - - UMICTON AAGENES L ISMOMET 49, S99 evos.
) | _ et fo the ol + S h N o) S Amplification was performed in an Eppendorf Mastercycler (Eppendorf, proven or suspecte r metnylitransierase genes. (K_ pneumoniae [Argentma] and P mirabilis [Ch||e]) meeting 10. I(\B.AOAn(zalez)Zcérn B,_Cett)talan ]:A, Ifﬁcudero JA, Dofmlng/lj\e?j |/_4, Te_shag%r g,hPorrerlg) C, Ie\s/lorggo
as emerged as a serious tnreat to tne class throug e action o1 plasmia- - : _ _ _ _ S _ 2005). Genetic basis for dissemination of armA. J Antimicro emother 56: 583-
mediated methyltransferase enzymes. These enzymes are similar to those westbury, NY). The PR method consisted of 25 cycles of denaturation aot Methyltransferase gene (no. identified and country of origin’) the aminoglycoside resistance screening criteria, suggesting 585.
| | y y #2- TR | y . . 94°C for 15 seconds, annealing at 58°C for 30 seconds and extension at 72°C Organism (no. tested)  armA A rmitB rmitC rmitD Unknown . _ _ 11. Liou GF, Yoshizawa S, Courvalin P, Galimand M (2006). Aminoglycoside resistance by
found in actinomycetes, that confer intrinsic resistance to the aminoglycoside for 60 seconds. This was followed by an additional 10 minute extension at E. coli (3 TPoland - 1 Brazil - - - the presence of additional variant enzymes or other resistance armA-mediated ribosomal 16S methylation in human bacterial pathogens. J Mol Biol
agents they produce. 72°C. The entire reaction mixture was loaded on an E-Gel (Invitrogen, Carlsbad, {USA | mechanisms. 12. ?(g?ﬁasn?;(?:%échino J, Doi Y, Kurokawa H, Arakawa Y (2005). Global spread of multiple
CA) for rapid gel electrophoresis. Visualization of bands by UV light confirmed E. cloacae (6) ]ng"d SMexico - 1Chile - . $min09|y}<<>0\?\i/der:?3isjagce QEHSGSKETGIQQ lsnrf?th Dis 11K1 9}?1_953k o K Satosh
: : : : . . . damane 1\, vvacnino J, oUZuKl o, AAto M, IDayama K\, Kimura K, AuUmikKo K\, oatosni
Alteration of the 16S rRNA A-site by ’.chese enzymes (deS|gn.ated ArmA, RmtA, the presence of the target methylase gene. A plasmid containing the armA K. pneumonia (5) 1France - 1Mexico - 1Chile  1Argentina | | | |, Ozawa Y, Toshifumi K, Arakawa Y (2007). 163yrRN A methylase-producing, Gram-
RmtB, RmtC and RmtD) confers resistance to most all amlnogly003|des, gene (gift of Patrice Courvalin) was used as a p()sitive control for the presence 1USA ¢ No methyﬂl’anSfel’aSGS were found in this collection of P negative pathogens, Japan. Emerg Infect Dis 13: 642-6406.
' ' : it A : : : - : WEITRRE PIY K. oxytoca (1) 1 Poland - - - - - : : : : 14. Yokoyama K, Doi Y, Yamane K, Kurokawa H, Shibata N, Shibayama K, Yagi T, Kato H,
meIUdm,?_ arbelTaCJl_nC’l oy |Im|’fl4ng t::;ndl?g of thesetag%nts duedto n:je:]hylaté)cn of 3r mADm thhe COFI)ISCI;[IOH gf clinical 'SOIiteS' L(;F:conl:l)nl\llt’fl dentification of r TtB P. mirabilis (3) - - 2 Brazil - - 1 Chile aeruginosa or Acinetobacter SPP., althOugh an earlier pllOt Arakawa Y (2003). Acquisition of 16S rBRNA methylase gene in Pseudomonas aeruginosa.
OT SPECITIC nucleotiaes. armA ana rmib are most wiaespread ana have peen and rmitD, these products were submitted for sequencing to confirm S. marcescens (3) 3Poland - : - - - : o : : - Lancet 362: 1888-1893.
. N ) . . . ) . study identified armA Iin an Acinetobacter spp. isolate - - - -
found exclusively in Asia and Europe. rmtA and rmtC have been reported their identity by comparison to previously reported sequences. These confirmed C. freundii (1) : : : : 1Brazil - y PP 15, Yu¥S, Zhou H, Yang Q, Chen YG, Li LJ (2007). Widespread occurrence of aminoglycoside
, D _ _ . _ o [Selleliies] Gomr i e eEiEs e GoTASeEaEs (e (V n la: data not sh n) resistance due to armA methylase in imipenem-resistant Acinetobacter baumannii isolates
only from Japan (Pseudomonas aeruginosa and Proteus mirabilis, respectively) strains were subsequently employed as positive controls for further screening. - MGG y 'yIsp - enezuela, data no own,. in China. J Antimicrob Chemother 60 454-455.
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