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ABSTRACT RESULTS

by Gneiding et al demonstrated extensive diversity within 50 clinical Microbacterium isolates belonging to 15 to the species level by ribotyping using Pvu Il and comparative sequencing of a 500 bp section of the 16S rRNA gene. It was determined that the organisms included 12 validly named species and 53 undescribed species. M. ‘alconae” * 19-29 0.25-0-25 00 =059 19-29 R 19-29 096 =096 1919 . to-16 1910
. d . d 3 d b d . 1 O d d b d 132 M b t . . I t d M. “harmaniae 5 20-40 0.25-0.25 0.50-4.0 0.06 - 0.25 1.0-2.0 1.0-2.0 <0.03 -0.06 0.50-1.0 1.0-8.0 8.0-8.0 20-20
recognized species and 3 undescribed species (1). Our study describe icrobacterium isolates recovere M. liguefaciens 1 0 095 095 2003 0.50 0.50 003 0.50 512 05 oc
over an 8 year period in clinical studies. N Join: 3,948 % o M. maritypicum 1 1.0 0.12 0.12 0.06 0.25 0.50 <003 1.0 >512 20 1.0
Species \ Source CC 68617 Microbacteriun o, nov. 20 o v v = = o ' E M. oxydans 4 2.0-40 0.25 - 0.25 0.25-1.0 0.50- 1.0 2.0-40 64 - 64 0.06 - 0.12 20-20 8.0->512 8.0-8.0 20-20
. . . . . . Microbacterium luticocti AM747814.1 - _-c —
Methods: All isolates were recovered using standard methods and media at 35°C. Phenotypic characterization iMicrobatterium hrabecterun aissecnense AT265cs EE S 2 28 & 35 :E 5 < % o :13 0251 '01 0 0 1313) 12 oo: 'Ozo oo;'o 32 oo; '01 0 0 122'020 <0 0%120 12 02>525620 801 2256 0 122'01 28 02%501 0
. . . . M'Crobacter' mb'not" 1 nose —Microbacterium kribbense EF466125.1 ) 3 — — d _:E 2:2 -aurum . . . Y. . 4 . - . -t . 4 . -V . 4 M : — : L
was performed using Biolog GP2 MicroPlate (Hayward, CA). DNA-based methods used to characterize the : fum oinott dicrsbocteriun vint ML Species @ § 2 2 2 § é §§ < 3 o M. binotii ] 4.0 0.50 1.0 0.25 0.50 4.0 0.12 >256 64 0.50 2.0
isolates included automated ribotyping (DuPont, Wilmington, DE) and 165 rRNA sequence analysis. The Microbacterium arborescens : ocular 35057 Wi cropacteriun 20 nov. ©3 55 5 L & E L €3 = = 3 M. esteraromaticum 3 1.0-40 0.25-0.50 050-10 <0.03-0.12 0.50 - 40 10-10 0.06 - 0.12 1.0-40 5512 ->512 0.12-0.25 0.25-80
I X L . o Microbacteriun sedintnicole MzseozL o - A - = - g : M. foliorum 1 2.0 0.12 0.12 0.06 0.25 32 0.50 <0.06 0.25 0.50 0.50
susceptibility profiles were determined for 20 antibiotics using broth dilution methods (per CLSI). o oy G i = 4 . hatanonis : 0 02s S0 006 0 0 01 e ) 025 025
. . o . . Microbacterium aurum 10 gcll(jlar o) | LcC 71753 Microbacteriun s, mov. 31 o M. hydrocarbonoxydans | 1 1.0 0.12 16 <0.03 <0.015 4.0 0.12 0.50 2.0 1.0 0.50
Results: A total of 132 isolates were collected from otic and ocular clinical studies. Molecular analysis e 058s Mrobertarion sp hov. 5 M. “alconae” 4 + + + + + + M. imperiale 1 0.5 0.12 2.0 2.0 4.0 1.0 0.06 >256 256 0.50 0.50
o o o . . N o MCC 69726 Microbacterium sp. nhov. 65 " . .
determined that these isolates belonged to a total of 45 different Microbacterium species. These isolates Microbacterium esteraromaticurm 3 cheek ICC 9165 Micrabacterium sp. nov. 55 M. "harmaniae 5 + + + + + + + M. lacticum 1 2.0 012 050 <0.03 10 050 012 1.0 1.0 0.25 2.0
. . g . . throat (2) _ MCC 68557 Microbacterium sp. nov. 51 M. oxvdans 4 n n n n M. paraoxydans 5 20-20 0.25-0.25 1.0-2.0 0.06 -2.0 20-40 40-4.0 0.06 -0.12 1.0-2.0 4.0->512 4.0-8.0 1.0-2.0
belonged to 9 of the 18 species reported by Gneiding et al, 4 other species not previously reported from ko S M. sp. nov. 1 1 1.0 0.25 1.0 0.06 0.03 4.0 0.06 2.0 64 1.0 2.0
clinical samples and 32 additional undescribed species. Microbacterium flavescens 1 nose P WCC 6723 Microbacterion sp. nov. 36 M. liquefaciens 1 * * M. sp. nov. 2 5 1.0-4.0 0.25-0.25 1.0-2.0 0.06 - 32 20-80 2.0-40 0.06 — 0.06 20-20 8.0 - 256 0.50 - 4.0 20-20
] 4:“3415;"%@":’Tft&li“c.“lotb?c?eitﬁine}?.y?38“;533%107:410 B M. maritypicum 1 + + M. sp. nov. 4 1 4.0 0.50 1.0 <0.03 1.0 2.0 0.12 >256 128 2.0 2.0
Conclusions: This study demonstrates a greater diversity of clinical Microbacterium species than has Microbacterium foliorum 1 cheek e roocterum osr ety s oo ¥17230.1 M. arborescens 2 + + v v + + M. sp. nov. 9 2 10-1.0 012-0.12 40-40 <0.03-0.12 20-20 20-40 025 -0.50 20-490 16-512 19-1.0 02020
. op . . ol ope . . . y ;‘f;;fbﬁfﬁgi:;"t;:‘fj;“;f°”;"§5‘5 Y17234.1 M. aurum 4 + + v M. sp.nov. 10 1 0.50 0.25 1.0 0.06 2.0 1.0 0.12 2.0 >512 0.25 0.25
been previously reported. Antibiotic susceptibility profiles differed among the species. This study also | | mLgyec Tt weerobacterium sp. o 9 ' M. sp. nov. 16 1 0.50 0.06 0.50 <0.03 0.50 2.0 <0.03 1.0 <0.03 0.25 <0.015
. \ P
. . . ) Microbacterium hydrocabonoxydans 1 cheek 1 —Microbacterium chocolatum AB@04725.1 M. binotii 1 + + v
underscores the necessity to take into account subtle differences in 16S rRNA gene sequence when L Yicrobocteriun kitaniense 40139072 . . 3 M. sp. nov. 20 1 1.0 0.50 0.12 <0.03 1.0 1.0 0.25 2.0 16 0.25 1.0
. . . ol . . . . . Microbacterium ketosireducens AB004724.1 . esteraromaticum + - - - + + - + - - M. sp. .24 1 0.50 0.12 0.12 <0.03 1.0 1.0 0.12 0.25 0.50 0.25 0.50
comparative sequencing is utilized to identify Microbacterium species. Microbacterium imperiale 1 ocular I GRS Microvockertum 2o nov. 25 . flavescens : m §§ o 29 : 10 0.25 0.25 3 20 10 0.06 1.0 64 0.25 1.0
- » . . . - . o AEAA MCC 67957 Microbacteriun so. nov. 37 . M. sp. nov. 31 1 0.50 0.12 2.0 <0.03 40 0.50 0.06 0.50 128 0.25 1.0
1. Gneiding, K, Frodl, R, and G. Funke. 2008. Identities of Microbacterium spp. encountered in human clinical specimens. J. Clin. Micro. 46:3646-3652. Microbacterium lacticum : Nose &‘fﬁh:ffi?%efiﬁ?ﬁfﬁ%ﬁ“?Féé’y‘sg’gsi 1 M. foliorum 1 + M. 5. nov. 32 : 20 050 S 20 50 > 050 o o1 s 40
4\'@627@;333.Mic;obgcte.riur;.sv-t.nov- 74 M. hydrocabonoxydans 1 + * + + + M. sp. nov. 33 1 1.0 0.25 0.25 0.06 1.0 2.0 0.12 2.0 64 0.50 1.0
Microbacterium IlquefaCIenS 'I ATCC Strain 43647 Migggbgizgr?EE:EI;E%E%EEEﬁNE%ZZgEg% 4 M. imperiale 1 + + + + - + - + - - M. Sp. NOV. 35 1 4.0 2.0 16 0.12 2.0 4.0 0.06 2.0 0.50 0.50 2.0
e ggbggg m’g;ggghgglg;};g A 3 M. lacticum : N M. sp. nov. 36 3 2.0-4.0 0.25 - 0.50 8.0-16 0.12-1.0 8.0 -8.0 40-16 0.12-0.25 2.0 - 256 32-512 0.25-4.0 0.25-0.50
‘ : : itvpi i L s crobactertun aquinaris AW778449.1 M. sp. nov. 37 1 1.0 0.25 1.0 <0.03 0.50 0.50 0.25 8.0 16 0.25 0.25
I N T R o D U T I o N Microbacterium maritypicurm 1 ATCC strain 19260 ——icrabacteriun aloontlun 18004714, M. paraoxydans ° ¥ ¥ i i ¥ ¥ M. ig. nov.40 1 40 1.0 1.0 8.0 1.0 1.0 0.12 >256 256 0.50 0.50
throat (3) MCS €310 Mioropacterium sp. :gy;'fg M. testaceum 7 + + + + M. sp. nov. 42 1 2.0 0.50 0.50 0.25 0.25 0.50 0.12 4.0 >512 0.25 0.12
. . ) , , . , . Microbacterium oxydans 4 . e e Aaaaa00e ] M. “otitidlis” 5 + + + + + M. sp. nov. 48 1 2.0 0.25 2.0 2.0 2.0 4.0 0.12 8.0 16 16 4.0
The genus Microbacterium is comprised of 61 described species. They are typically considered to be DSM Strain 20578 —HEC a2 Wicrobacterium sp. o 59 M. 5p.nov. 1 N N N N N N M. sp. nov. 58 i 0.50 0.12 2.0 <0.03 1.0 2.0 0.06 0.50 512 0.50 0.50
environmental organisms, though recently they have been reported from clinical specimens. In order ocular (3) ' R rohacterun Flavin 6236029 1 M. sp. nov. 62 1 2.0 025 1.0 0.06 2.0 40 0.12 1.0 8.0 0.50 2.0
to b d J d th ’d- g df d d £ thi P in clinical - b h ilized Microbacterium paraoxydans 5 nose I Crobacteriun koreénse AY962574.1 M. sp. nov. 2 4 M M * il il M. sp. nov. 63 1 0.50 0.12 0.25 <0.03 4.0 1.0 0.12 <0.06 256 0.25 1.0
o better understand the diversity and frequency of this genus in clinical specimens, we have utilize o Pt A A N V. 5p.nov.4 : N N N M. sp.nov. 70 : o 07 S0 050 3o 2o 006 0 o a0 2o
molecular techniques and phenotypic analysis to characterize 137 Microbacterium isolates collected in ofic '4{ —icrobactertun terreaens ABOO721. 1 M. sp. nov. 5 1 ¥ ¥ N M.sp.nov. 71 2 10-1.0 0.12-0.12 0.50 - 0.50 0.25-0.25 10-1.0 2.0-40 0.06 - 0.06 0.50 - 1.0 2.0-2.0 8.0-16 10-1.0
o« . . . . OCU|aI’ | l 'I_EMiiccr'roobaacctteerriiuumm deummiinuutmum AB234026.1. txt sp. . M. Sp. nov. 72 1 2.0 0.25 1.0 0.25 0.03 2.0 0.06 1.0 32 2.0 1.0
human clinical studies. Microbacterium testaceum 7 nose (3) e 3458 icrotactertun sp. nov. 7 M. 5p.nov. 7 1 i i i M. sp. nov. 74 1 2.0 0.50 1.0 0.25 1.0 4.0 0.12 >256 32 8.0 2.0
cheek (2) {—Mcgd.cl%%%@hgicrloig%t?fﬂnl%-:igv;olvﬂ i M. sp.nov. 8 4 + + + M. sp. nov. 75 1 0.50 0.12 2.0 <0.03 1.0 1.0 0.06 1.0 32 0.50 <0.015
Microbacteriun oleivorans AJGO8T2S 1 M. sp.nov. 9 5 + + v - - - M. flavescens 1 32 4.0 16 0.25 2.0 1.0 0.06 2.0 2.0 0.50 0.50
Microbacterium sp. nov.“alconae” 4 otic (2) {_MEE 50455 Microbacterium §E oy Lot M. sp.nov. 10 1 + + + + - M. ginsengisoli 1 16 8.0 0.50 <0.03 <0.015 1.0 0.06 >256 32 0-50 20
M AT E R I A L S A N D M E T H o D S ocular (2) | _i—mcrobactemm testaceum X77445.1 M. “otitidis” 5 32-64 1.0-2.0 1.0-2.0 0.03 - 0.06 0.015 - 0.25 1.0-1.0 0.06 - 0.12 40-16 >512 0.50-1.0 0.06 - 0.12
—MCC 25678 Microbacterium sp. nov.12 M. Sp. Nov. 11 3 + + +
{MCC 67491  Microbacterium sp. nov. 34 M. testaceum 7 32-128 40-16 1.0-2.0 <0.03-64 0.06 -0.25 1.0-4.0 0.06 -0.25 1.0-32 4.0->512 0.25-5.0 0.50-1.0
otic (2) NCC 65746 Microbactoriun s, nov. 11 M. sp. nov. 12 1 + + + + M. sp. nov. 5 1 128 4.0 1.0 2.0 4.0 4.0 0.12 256 64 0.50 1.0
Microbacterium sp. nov.”harmaniae” 5 ocular (3) mccc 25788 Microbacteriun sp. nov. 11 M. sp.nov. 13 1 N . . M-SE- nov- . : > 2.0 8.0 0.25 2.0 2.0 0.06 > o 2.0 1.0
. . . . . S actelrcir‘uom GDCr‘toe r'ulnumi Sp. nov. . . V. . . . . . . . . . . . .
Phenotypic analyses were performed using GP2 MicroPlates (Biolog, Hayward, CA). End-point MICs . |l-“&ii%~%%%iiiiﬂ arabinogatactanoly cun ¥17223.1 M. sp.nov. 16 1 . N N N . N N . ] M. sp. nov. 8 4 32-128 2.0 - 40 1.0-4.0 <0.03-1.0 0.12-1.0 1.0-32 0.06 - 0.50 20-16 1.0- >512 0.25 - 0.50 0.12-1.0
were determined following CLSI recommended broth dilution methods. Automated ribotyping analysis Microbacterium sp. nov.“otitidis” c otic (2) Tl s wtcropacterin s vt Y : N N . . N M.sp.nov. 11 3 32-64 4.0-8.0 1.0-40 <0.03 - 0.06 0.03 - 0.06 1.0-40 0.12-0.25 4.0-80 16-512 0.25 - 0.50 0.50 - 0.50
, : : : " e ocular (3) | [y Microbacteriun keratanolyticun AB004717.1 - >P- NOV. M. sp. nov. 12 1 64 2.0 1.0 <0.03 0.12 1.0 0.12 32 64 0.25 0.12
was performed with EcoR | and Pvu ll, using the Riboprinter (DuPont, Wilmington, DE). 16S rRNA gene ([ Tticronacterium foliorun weiored. M. sp. nov. 23 : s s M5 nov. 13 : o 0 S0 0,03 006 0 0,06 0 o 022 025
. . . . . . i Microbacterium natoriense AY566291 * * : * * : : * : * : :
sequencing was performed using the MicroSeg500 and the MicroSeq Full Gene 16S rDNA Bacterial 90 isolates ggSIgrz()?a 6 | Lrmicrobocteriun aerolotun 4209529, M. sp. nov. 24 1 + + M. sp. nov. 23 1 64 4.0 2.0 16 0.06 2.0 0.12 1.0 16 0.50 0.50
Sequencing Kits (Applied Biosystems, Foster City, CA). Phylogenetic analysis of sequences was performed Undescribed Microbacterium species | 20 erent | ceek (13) {_T}‘ctciZl‘éegigltiE;dhi‘:ncmr%%‘{g:‘{;r%‘;“S‘éﬁﬁ‘;n‘iogz6511698726'1 M. sp. nov. 25 1 ¥ ¥ + v sp-nov. 24 ; o= ot 1050 nae 00 040 noe- D e e B oot e E
. . . . . . . . H {erobacterium sp. nov. . Sp. Nov. . <0. . . . . .
using MicroSeq software. Optical Mapping was used for comparative genome analysis. This technique species :f(‘)rf:fz(g {J[EE 65264 Microbactertun 5p. nov. M. sp. nov. 29 1 + + + + v M. sp.nov. 51 : 128 20 20 <003 0.06 10 0.12 20 256 0.25 0.06
utilizes whole genome restriction mapping and is depicted in Fig. 1. e arvariun aperuoe Apa0s71s 1 M. sp. nov. 31 1 + M. sp. nov. 52 1 32 2.0 4.0 0.12 2.0 2.0 0.12 1.0 512 0.50 1.0
Figure 1 ° PP P 5 Table 1. Summary of isolates recovered in the e aaro " icrobacter i sp. nov. 62 M. sp. nov. 32 2 ¥ ¥ + + + + ¥ M. sp. nov. 56 1 32 4.0 2.0 0.06 0.25 1.0 0.06 40 512 0.50 0.25
. : : IMCC 13215 Microbactertun sp. nov. "alconde" M. sp. nov. 59 1 64 4.0 128 0.25 0.50 1.0 0.06 >256 512 0.50 0.25
studies with the source. hugg 15423 Micropacterium 0 10V L eer M. sp. nov. 33 1 " " i i i M. sp. nov. 61 1 8.0 1.0 0.50 0.12 0.12 2.0 0.25 64 512 0.25 1.0
Fligure 1 e 11585 Microbactarton 5. mov. 70 M. sp. nov. 34 3 * * M. sp. nov. 64 1 128 4.0 32 0.12 4.0 4.0 0.06 8.0 512 0.25 0.50
iicrobacteriun 1iauefociens X744 1 M. sp. nov. 35 1 + + + - M. sp. nov. 65 1 32 4.0 2.0 <0.03 0.50 1.0 0.06 4.0 64 0.25 0.50
T iicrobacterin orydans V1727 1 M. sp. nov. 36 3 N N N N M. sp. nov. 66 1 8.0 2.0 0.25 <0.03 0.06 0.50 0.06 >256 512 0.12 0.50
Presumptive ID - : 0 15 50 MCC 60584 Microbacterium Sp. nov. "harmanice” by - 1 N N . M. sp. nov. 67 1 32 2.0 4.0 0.12 2.0 4.0 0.12 >256 512 1.0 0.25
4 MCC 12477 Microbacterium sp. nov. 71 . . SP. NOV. - - - . . . . .. . . . . . . .
. — [T T i crobocter i marttystcun a0t s M. sp. nov. 40 : . s . _ _ _ Table 3. Susceptibility profiles. Several Microbacterium species exhibit intrinsic resistance to fluoroquinolones. Resistance to sulphamethoxazole is frequent in
Optical Mierobacterium “alconae Clavibacter michiganense michiganense M. sp. nov. 42 : s . . Microbacterium. Acquired resistance to erythromycin, trimethoprim, penicillin and vancomycin was observed occasionally. High level vancomycin resistance was
Microb ium "al ! . .
Map M.m:c:ﬂfum - Figure 3. Neighbor Joining tree of full gene M. 5p. nov. 43 1 + + observed in one of three M. aurum isolates.
M. sp. .46 1
Assembly R sequences (1,445 bp) of the 16S rRNA gene. . ZE :Z\\: - 1 : - - : _ : : _
Microbacteriurn maritypicur L Map Similarity Cluster using UPGMA M. <
. Sp.nov. 51 1 + - + - - -
Microbacterium liquefaciens - +M. "alconae" (MCC11672) 3.78 Mb M. sp. nov. 56 1 n n _ n _ _
Microbacterium “harmaniae” 1 M. "alconae" T (MCC11645) 3.76 Mb M. sp. nov. 58 1 4 N
0 Miicrobactenum “hammanize M. sp. nov. 70 (MCC11685) 3.94 Mb M. sp. nov. 59 2 + + + : : . The Microbacterium genus contains many undescribed species recovered from human specimens.
Microbacterium "harmaniae” M. "harmaniae" (MCC11732) 4.08 Mb _ _ _ . . . . . . L. . . . . . . . . .
icrabacterium “hammaniae” [ +M ..ha:ma::a:. EMCC6O582; 411 Mb V. sp. nov. o1 1 * ' : : : : ¥ - Pvullribotyping provided species level differentiation of all Microbacterium species in this study. DNA from most Microbacterium is not cut by EcoRI, though ribopatterns
. . . . ICrODacierium narmaniae ) . M. sp. nov. 62 1 _ ) ) _ ) + ) n + i . ) . ) - )
Optical Maps were constructed at OpGen (Gaithersburg, MD). (A) High molecular weight DNA from Microbacterium sp. nov. 71 M. oxydans (MCC67184) 4.26 Mb M. 5p. nov. 63 1 . N N were generated using this €nzyme W'th |solates.from M. tcoestaceum.and 7 undescribed species. | ’
each isolate was immobilized as individual molecules onto an Optical Chip, (B) digested with restriction Micrabacterium sp. nov. 71 M. sp. nov. 72 (MCC12747) 3.91 Mb ¥ 50 nov. 64 : N N N N . . Accu.rate differentiation and |dent.|ﬁcat.|on qf Microbacterium species by 16S rRNA gene sequence should take into account that the sequence difference between two
enzyme Kpn | and fluorescently stained with YOYO-1 (Invitrogen), (C) the stained restriction fragments Microbacterium sp. nov. 7 | B M. liquefaceans T (MCC3427) 3.50 Mb M. sp.nov. 6 1 ' ; ; ; - - species can be as low as 2 nucleotides in this genus. o | | |
were analyzed by automated fluorescent microscopy and the size and order of restriction fragments for Microbactorium oxydans - M. maritypicum T (MCC3288) 3.78 Mb M. sp.nov. 70 : N N N . : : . . - Optical mapping has proven to be a powerful tool to demonstrate the genomic differences between isolates that appear to be closely related by conventional analysis.
each molecule were captured with OpGen software. Collections of molecule maps were then assembled Microbacterium oxydans M. sp. nov. 71 (MCC12477) 4.10 Mb M. sp.nov. 72 2 + + + + + + v
according to overlapping fragment patterns to produce whole genome, ordered restriction maps - Optical Microbacterium sp. nov. 72 | 10080 60 40 20 O M. sp.nov. 73 1 + + +
callines cal Maps ind i i ' - - es with - | : - ACKNOWLEDGEMENTS
Maps. (D) Verr]tlca.al |In$S r|]n the O.pt.lcaIfMaps indicate the locations of cut sites and the space between lines Figure 2. Pvu Il ribopatterns of species within the Percent Difference i | : :
- : r 1V1- s V1. Figure 4. Optical mapping of isolates in the M. T : - - : ,
S - - able 2. Phenotypic characteristics of Microbacterium species. , , , , o o , , , .
maritypicum, and 5 undescribed species). oxydans cluster. YP We would like to acknowledge the excellent technical assistance provided by Jamie King, Joseph Daijcs, Tiffany Jamison, Kelli Bennett, and Michelle Kirbie.
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