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Table 1 Gram-positive cocci (n=159) Table 3 Gram-negative nonfermentative rods (n= 229) Table 4 Gram-positive rods and Actinomyces sp. (n=103)
BAC K G ROU N D For 145 strains the complete identification (genus + species) was available,
14 strains were known only at genus level For 197 strains the complete identification (genus + species) was available, For 81 strains the complete identification (genus + species) was available,
. . . . . . 32 strains were known only at genus level 22 strai k ly at level
MALDI-TOF MS (matrix-assisted laser desorption-ionisation I W TR On S B
time-of-flight mass spectrometry) of ribosomal proteins is catalase-positive fully  correct wrong  no
assumed to provide faster and more accurate identification of correct genus  genus _result fully ~ correct wrong  no fuly ~ correct wrong  no
_ _ Kocuria sp. (1) i 0 0 1 correct genus genus result correct genus  genus result
be_lcterlgl pat.hog_ens comp gred to conventlonal_ | | Micrococcus luteus (1) 1 0 0 0 Achromobacter denitrificans (7) 0 7R 0 0 Actinobaculum schaalii (5) I 0 0 1
microbiological investigations. However, experience with this Staphylococus aureus (21) 2 0 o o Achromobacter sp. (6) - Iz) 0 0 G R 0 0 0
: . : : . : e Achromobacter xylosoxidans (30) 17 11 . 1 Actinomyces graevenitzii (4) 0 4 0 0
new technology in routine diagnostic settings is still l[imited. Staphylococcus epidermidis (15) 15 0 0 0 Acinetobacter baumannii (3) 1 5 0 0 i sracli (1) ; ; ; 1
ctinomyces israe
Staphylococcus capitis (6) 5 0 0 1 Acinetobacter johnsonii (1) 0 1 0 0 Act:_nom; o :neye'r'i (1) 1 0 0 0
Staphylococcus haemolyticus (4) I 0 0 1Y Acinetobacter junii (1) 0 0 0 } -
Staphylococcus hominis (9) 9 0 0 0 Acinetobacter Iwoffii (6) 0 0 0 Actl.nomyces neuii (4) . A 0 0 0
Staphylococcus lugdunensis (4) I 0 0 1 Acine.tobacter SP- !13) . . 0 0 Actl.nomy ces odontolyticus (1) 0 0 0 !
staphylococcus saccharolyticus (2) I 0 0 0 Alcaligenes faecalis (2) I (1 | 0 0 Actinomyces sp. (2) - I 0 0
_ Bordetella petrii (1) 0 1 0 0 Actinomyces turicensis (1) il 0 0 0
staphylococcus saprophyticus (4) I 0 0 0 Burkholderia cenocepacia (18) 0 0 0 Arcanobacterium bernardiae (2) 0 0 0
MATERIALS & METHODS Staphylococcus coagulasenegative (4) - 3 0 Il Burkholderia cepacia-Komplex (5) 0 0 0 T s T e ) I 0 0 0
64 3 0 5 Burkholderia gladioli (8) 0 0 0 Bacillus pumilus (4) 7 1 0 1
] o o ] Burkholderia glathei (1) 0 0 0 Bacillus sp. (6) _ I 0 3
A total of 829 strains comprising clinical isolates and catalase-negative fully  correct wrong  no Burkholderia multivorans (4) 0 0 0 Bacillus subtilis (2) 1 0 0 1
reference strains were investigated to assess the Aerocseeus sanguinicola (5 °°rie°t B e UL A o) I ! : i R ) : 0 0 >
: g : : ryseobacterium indologenes : : i
identification performance of MALDI-TOF MS (Microflex Aerococcus urinae (6) 1 12 0 4 Chruseobacterium sb. (3 0 0 0 3 Brevibacterium sp. (1) 0 0 !
. : : . 14 p. (3) Corynebacterium afermentans (1) 0 0 0
instrument and Biotyper reference database version 2.0 by E"temwccus :aec?"s ((41)2) l 8 8 8 Comamonas sp. (2) 0 0 0 2 Corynebacterium striatum / 0 0 0
. . . t j
Bruker Daltonics Inc.) compared to established routine T —— : B SO o 3] ! A S— amycolatum 6)
. . . . . C teri 1 0 0 0 1
procedures. These included selective and chromogenic media Facklamia hominis (1) 0 0 0o 1 Ochrobactrum sp. : 1 0o 0 e e () 0 o 0
(for enteric bacteria, enterococci and Candida species), Helcococcus kunaii (1) I 0 0 0 Diepll il 0 0 0 Corynebacterium I 0 0 0
) ) . ) Streptococcus agalactiae (6) 0 0 0 Pandoraea apista (1) 0 0 0 e
catalase, oxidase, plasma-coagulase, slide agglutination Streptococcus anginosus (4) 3 13 0 0 Pseudomonas aeruainosa (65 0 0 0 ,
. ) . 2) g _( ) 6) Corynebacterium sp. (5) - I 0 2
(Salmonella, Shigella, beta-hemolytic streptococci), indol spot, ::fepz°°°°°“5 F°t“5te"2|$“5 ﬁ; ; 34) g 8 Pseudomonas chlororaphis (3) 0 3 0 0 Corynebacterium tuberculostearicum B 0 0 2
: : : reptococcus intermedius P ] 2
API strips and Vitek cards. Discrepant results between MALDI- Streptococeus bovis 0 2 0 0 peeudomonas fluorescens (%) ! : : : (4) .
: . 5) (4) Dermabacter hominis (1) 0 0 0
TOF MS and routine methods were further analyzed by Streptococcus pasteurianus (1) 0 1 0 0 Pseudomonas putida (6) 0 6 0 0 Erysipelothrix rhusiopathiae (1) . . .
comparative 16S rDNA sequence analysis. e ) Q) : 1; ° : Ll " : : : Gardnerella vaginalis (9) 0 0 2
lzoblum raaiobacter Lactobacillus rhamnosus (3) 2 1 0 0
Streptococcus gordonii (2) 1 17 0 0 Sphingobacterium multivorum (1) 0 0 0 :
s Lactobacill (2 - 0 0
Streptococcus mitis (/5) 5 0 5:; 0 0 Sphingobacterium spiritivorum (1) 0 0 0 Lf"sie‘:'i: ;ol:,SOSCF;lt‘()g)enes (2) I (I) 0 0
Streptococcus oralis / mitis (3 1 2 0 0 Sphingomonas paucimobilis (4) 0 0 1 . .
Streptococcus mutans (1) I 06 ) 0 0 Stenotrophomonas maltophilia (15) 10 1 . 0 I,:,/ZZZ:.Z?; t:;:::z;; il g 8 ﬁ i
Streptococcus oralis (2) 1 1 0 0 160 55 6 8 .
. Nocardia sp. (2) - 0 0 2
Streptococcus pneumoniae (4) 0 0 0 .
Nocardioides (2) 0 0 0 2
RESULTS :treptococcus pyogenes (4) 0 0 0 Legend: Paenibacillus lactis (2) 2 0 0 0
treptococcus salivarius (3) . . . 1) Achromobacter piechaudii (6), Achromobacter spanius (1) Paenibacillus sp. (2) _ 0 0 2
Streptococcus sanguinis (1) 0 0 0 2) Achromobacter piechaudii (1), Achromobacter ruhlandii (9), Achromobacter Rothia aeria (1) 0 0 0
Investigations by MALDI-TOF MS required significantly | streptocaceus sp. ) S S spanius (1) Rothia dentocariosa 3) o o o
n_vestlgatlons_ y ) required sign| I.Cant y eS.S ek 28 0 8 3) Bordetella bronchiseptica Rothia mucilaginosa (3) 0 0 0
biomass and time-to-result compared to conventional testing. 4) Bordetella bronchiseptica Turicella otitidis (3) 0 0 0
i i i Tt i Legend : 5) Ochrobactrum grignonense
!\/Ilnut_e_ parts of a single colo_ny provided suff|_0|ent material for 1) on repetition correct result o) Proudomonms omtines 59 16 1 27
identification of whole cells in less than 30 minutes. 2) reported Aerococcus sanguinicola 7) Alcaligenes sp. Legend :
The followi ng maj or path ogens were always co rrectly 2; :222223 2::22:2222232 ;nr;cgei;n;;ji;us 8) Pseu?on;:nasthibi;cicola (3) anﬁc Pslf.tljtdomonas beteli (1), both are old 1) reported Mycobacterium sp., on repetition correct result
identified: Escherichia coli (n=79), Pseudomonas aeruginosa 5) re - names 1or STENotopRomenas martophiia
, ported Streptococcus gallolyticus
(n=65), Burkholderia cepacia-complex (n=35), Staphylococcus 6) reported Streptococcus pneumoniae valid MALDI-results 76/103= 73.8%
_ . _ 7) Streptococcus pneumoniae (1), Streptococcus sp. (1) ) _ oo
aureus (11—21), Enterococcus faeciu m (n_—12), Campylobacter 8) reported Streptococcus canis Vol MALDresulte 2217229 = 96.5% same result as routine tests 69/76 = 90.8%
jejuni (n —17) and Cam py|0 bacter coli (n —3) 9) reported Streptococcus sp. same result as routine tests 181/221= 81.9%
In contrary, MALDI-TOF MS repeatedly misidentified Shigella catalase-positives:
species as Escherichia coli, Streptococcus mitis as valid MALDI-results 67/72= 92.9%
Streptoccus pneumoniae, and Propionibacterium acnes as same result as routine tests 67/67= 100.0%
Eubacteriu m b rap hy _ _ catalase-negatives :
The overall identification rate of MALDI-TOF MS at species valid MALDI-results 79/87= 90.8%
level was 94.8 % for enteric bacteria, 81.9 % for Gram-negative same result as routine tests 8/79= 734%
nonfermenters, 100 % for Gram-positive catalase-positive
cocci, 90.8 % for Gram-positive catalase-positive rods, 73.4 %
for Gram-positive catalase-negative cocci and 77.1 % for Table 2 Enteric bacteria (n=211) Table 5 Other Gram-negative rods / Campylobacter (n=47 ) Table 6 Anaerobes (n=59)
: 0 : : :
obli g ate anaerobes (97 .1% when Pro proni bacerium acnes was _ o _ _ For 66 strains the complete identification (genus + species) was available, For 51 strains the complete identification (genus + species) was available,
excluded from analysis). o 52 s e comlt et s i vs vl 2 S et noun ot g e oS wereloun oyt g e
fully correct wrong no fully correct wrong no
c;l::?ct c:;;iit :;::g rer:t)xl ; - correct genus genus result _ correct  genus genus  result
: Aeromonas caviae (2) I 0 0 0 Anaerococcus prevotii (3) 0 0 0 3
Cedecea davisae (1) 0 0 0 hvdrophil Bacteroides caccae (1) I 0 0 0
Citrobacter amalonaticus (1) 0 0 0 Aeromonas hydr 0{’- ila (1) . 0 0 0 _ .
CONCLUSIONS Citrobacter braakii (1) 0 0 0 Aeromonas veronii bv. sobria (1) 1 0 0 Bacteroides fragilis (7) 7 0 0 0
Citrobacter freundii (9) 0 0 0 Aggregatibacter aphrophilus (4) 0 [] 0 Bacteroides sp. (3) 3 0 0
. o . _ Citrobacter kosii (5) 0 0 0 Campylobacter coli (3) 0 0 0 Bacteroides thetaiotaomikron (2) I 0 0 0
The MALDI-TOF MS-based identifications were obtained much Citrobol"cter sp.- (2) » - 2 0 0 Campylobacter fetus (1) 0 0 0 Clostridium difficile (1) 1 0 0 1
. . . . Enterobacter aerogenes (4 0 0 0 Campylobacter jejuni (17) 0 0 0 Clostridi . 5 0 0 0
fa_lster than those de_rlved fro m com mercial biochemical test Enterobacter clogcae (4) I 0 0 0 o onhoon ramimarsas (2) : ; 0 Clzzt:;d;:: ,:er)('rll;wgens( ) 5 o ’ ’
Kits such as API strips and Vitek cards. Enterobacter sp. (3) : 3 0 0 : P-
Eikenella corrodens (1) 0 0 0 E thella lenta (2) 0 0 0 2
Erwinia persicina (2) 0 0 0 Haemophilus influenzae (8) 0 0 0 Jgermerarentd
The MALDI-TOF MS-based approach did not require prior Echerichia coli (79) 0 0 0 Haemoz PR —— ) ) ) Finegoldia magna (1) 1 0 0 0
knowledge of the type of bacteria to be tested unlike echorichi e ) ; SO Kingella denitrificans (1) 0 0o 0 e bt ot oy i i X :
established routine identification methods. Ewingella americana (1) 0 0 0 Legionella pneumophila (1) 0 0 0 Peptostreptococcus anaerobius (3) I 0 0 0
_ _ o Hafnia alvei (11) 0 0 0 Moraxella catarrhalis (3) 0 0 0 Peptostreptococcus asaccharolyticus 0 0 0 2
The MALDI-TOF MS P rocedure requl red si gn Ifi Cantly less Klebsiella oxytoca (13) 11 0 . 0 Neisseria animaloris / zoodegmatis 0 0 1 (2)
biomass and reagen ts com D ared to established routine Klebsiella pneumoniae (13) 12 1 0 0 (1) Porphyromonas asaccharolytica (1) 0 0 0 1
) o ) Morganella morganii (4) 0 0 0 Neisseria flavescens (1) 0 0 0 Prevotella bivia (2) 0 0 0
identification methods. Pantoea agglomerans (1) 0 0 0 Neisseria gonorrhoeae (6) 0 0 0 Prevotella disiens (1) 0 0 0
_ ] _ Proteus mirabilis (7) 0 0 0 Neisseria sp. (2) - I 0 1 Prevotella oralis (1) 0 0 0
The MALDI-TOF MS is projected to replace most conventional Proteus vulgaris (2) 0 0 0 Pasteurella multocida (4) 0 0 0 Prevotella sp. (1) il 0 0
biochemical testing, and thus may allow significant savings in Providencia alcalifaciens (2) 0 0 0 Plesiomonas shigelloides (3) 0 0 0 Propionibacterium acnes (14) | 0 | o
. Rahnella aquatilis (1) 0 0 0 Vibrio alainolvticus (1 0 0 0 Veillonella sp. (1) I 0 0
ginolyticus (1)
terms of reagent costs and turn-around-time. Raoultella ornithinolytica (7) 6 0 1) 0 Vibrio metschnikovii (1) 0 0 0 3 10 11
: ) ) Salmonella sp. (11) 11 0 0 Vibrio parahaemolyticus (1) 0 0 0
The MALDI-TOF MS cannot Currently Identlfy some important Serratia liquefaciens (1) l 0 0 0 63 2 1 2 Legend :
human pathogens such as Shigella species and Serratia marcescens (13) 0 0 0 1) rapid ID 32 A : Clostridium fallax, MALDI-TOF : Clostridium innocuum
Streptococcus pneumoniae which still require additional Sty : : I : Legend : 2) all were reported Eubacterium brachy
p P ) g Shigella sonnei (1) 0 0 0 1) reported as Haemophilus influenzae, on repetition correct result
confirmatory testing. Yersinia enterocolitica (3) 3 0 0 0 valid MALDI-results 48/59= 81.4%
187 17 7 0 same result as routine tests 37/48= 771 %
Legend : valid MALDI-results 66/68= 97.1% (when Pr. acnes is excluded : 33/34= 97.1 %)
1) reported Raoultella ornithinolytica same result as routine tests 64/66= 97.0%
2) reported Klebsiella pneumoniae
3) reported Escherichia coli

valid MALDI-results 211 /211 = 100.0%
same result as routine tests 200/211= 94.8%



