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In the present study, results of the identification of Gram-positive bacilli (GPB) were analyzed by using the MALDI-
TOF MS technique to score each 2-year blood culture at a university hospital. In addition, 16S rRNA sequence analyses
and MALDI-TOF MS results are compared to targeting strains that had been isolated two or more times within the same
patient, to evaluate the usefulness of MALDI-TOF MS in GPB identification. According to the cut-off (> 1.7) criteria,
there were 410 (57.5%) reliable strains and 303 (42.5%) non-identified strains among the GPB identification results of
713 strains, using a microflex MALDI Biotyper (Bruker Daltonik GmbH, Bremen, Germany). The isolation appeared
most often in the following order: Corynebacterium striatum, Bacillus cereus, Bacillus subtilis, Paenibacillus urinalis,
and Listeria monocytogenes. Nearly three-fourths, 66 out of 89 (74.2%) of the strains for Corynebacterium striatum; 44 out
of 60 (73.3%) strains for Bacillus cereus; and all (25 out of 25, 100%) Listeria monocytogenes strains were identified
by their high scores of 2.0 or higher. Most (293 strains out of 303) non-identified strains were strains isolated only once
and not significant as infectious bacilli. A total of 43 out of 50 (86.0%) strains matched and were able to be identified
based on the 16 rRNA sequencing comparison results of strains that were isolated twice or more within the same patient
and significant as infection bacilli. Non-matching among 5 out of 7 strains was not identified, even with MALDI-TOF
MS. In conclusion, GPB can be identified in blood cultures using MALDI-TOF MS. This can be done accurately with ease,
rapidly, and at a low cost. It is also thought to be helpful in GPB diagnosis and treatment.
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Table 1. Isolation rate of Gram positive bacilli in blood culture (2014-2016)

Quarter of 4" quarter 1% quarter 2™ quarter 3% quarter 4" quarter 1% quarter 2™ quarter 3™ quarter

a year of 2014 of 2015 of 2015 of 2015 of 2015 of 2016 of 2016 of 2016 Total
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

No. (%) of 83/ 68/ 83/ 124/ 84/ 65/ 105/ 101/ 713/

casés 10168 9732 9574 11255 11163 11321 11937 12091 87241
(0.8%) (0.7%) (0.9%) (1.1%) (0.8%) (0.6%) (0.9%) (0.8%) (0.8%)

1% quarter: Jan to Mar, 2™ quarter: Apr to Jun, 3™ quarter: Jul to Sep, 4™ quarter: Oct to Dec
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Table 2. Identification rate of Gram positive bacilli which showed 1.7 to 2.0 of MALDI-TOF MS cut-off scores (2014-2016)

No. of isolates with the number of

Species identification results by

positive blood cultures per patient

Total No. (%) Total No. (%)

MALDI-TOF MS system of patient of species
1 2 3 4 5
Bacillus subtilis 19 0 0 0 0 19 (15.6) 19 (14.1)
Bacillus cereus 14 1 0 0 0 15(12.3) 16 (11.9)
Corynebacterium striatum 4 1 0 2 0 7(5.7) 14 (10.4)
Corynebacterium afermentans 10 0 0 0 0 10 (8.2) 10 (7.4)
Bacillus mojavensis 8 0 0 0 0 8(6.6) 8(5.9)
Bacillus pumilus 8 0 0 0 0 8 (6.6) 8(5.9)
Bacillus sonorensis 7 0 0 0 0 7(5.7) 7(5.2)
Bacillus licheniformis 6 0 0 0 0 6(4.9) 6(4.4)
Bacillus vallismortis 5 0 0 0 0 5@4.1) 5@3.7)
Mycobacterium abscessus 0 0 0 1 0 1(0.8) 4(3.0)
Bacillus megaterium 4 0 0 0 0 43.3) 4(3.0)
Microbacterium species 3 0 0 0 0 3(2.5) 3(22)
Clostridium perfringens 1 1 0 0 0 2(1.6) 3(2.2)
Eggerthella lenta 2 0 0 0 0 2(1.6) 2(1.5)
Brevibacterium iodium 0 1 0 0 0 1(0.8) 2(1.5)
Actinomyces odontolyticus 2 0 0 0 0 2(1.6) 2(1.5)
Paenibacillus urinalis 2 0 0 0 0 2(1.6) 2(1.5)
Solibacillus silvestis 2 0 0 0 0 2(1.6) 2(1.5)
Bacillus circulans and others® 18 0 0 0 0 18 (14.8) 18 (13.3)
Total 115 4 0 3 0 122 (100.0) 135(100.0)

*Bacillus muralis, Bacillus mycoisea, Bacillus niacini, Bacillus thuringiensis, Bacillus weienstephanensis, Clostridium bifermentans, Clos-
tridium carnis, Clostridium innocuum, Corynebacterium singulare, Corynebacterium tuscaniense, Dermabacter hominis, Gordonarubro-
pertincta, Lysinibacillus fusiformis, Microbacterium oxydans, Microbacterium testaceum, Paenibacillus latus, Paenibaillus xylanilyticus

(0.8%), 201613 1%-7] 6571(0.6%), 2016% 23271 10571(0.9%),
201613 3E7] 10173(0.8%)°1Atk AF717F Bt Ho nj
el 94§4F4 A Ag F DN v FAHES 10.0%A

© 1, GPB YAES 0.8% THTable 1).

MALDI-TOF MS SystemZ 0|85 &M U= HE]
228 O U UHRGPBIY S

1.7~2.02| cut-off scoreE LIEIH GPB2| &2| H|E:
Cut-off score 1.7~202 WEFH GPB <% Bacillus subtilis =

A% HE-2 197(14.1%), Bacillus cereus™= 1571(11.9%),

Corynebacterium striatum+< 1471(10.4%), Corynebacterium
afermentans+= 1071(7.4%), Bacillus mojavensis= 871(5.9%)
o] % THTable 2).

2.0 O|&2| cut-off scoreE LIEFH T2 A gl
(GPB)2| 22| H|Z: Cut-off scoreE 1.7 °]’ YERYH,
GPBZ A & 4107 F 27571(67.1%)2 2.0 o< =
< cut-off score= GPB2] & &7d°| 7}&3F3 T} Cut-off
score 2.0 ]S YElN GPB 5 C striatum-s 6671(27.3%),
B. cereus™= 4471(16.0%), Paenibacillus urinalis< 2771(9.8%),
Listeria monocytogenes<= 2571(9.1%), Clostridium perfiingens
= 1571(5.5%)°] $ATH Table 3).

MALDI-TOF MS &A1 cut-off scoredi| 2 2t
S #(GPB)2| 22| H|E: C. striatum™}; B. cereus=
2 Fob Bald & 897 T 6671(74.2%), 6071 T 4471
(73.3%)°] cut-off score 2.0 ©]d2] ¥ FX&E T4 7Fs
318131, L. monocytogenes®} C. perfringens= 212} 2571 &
2571(100%), 187 5 1571(83.3%)°] cut-off score 2.0 ©]/2]

4y

71—211-
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Table 3. Identification rate of Gram positive which showed above 2.0 of MALDI-TOF MS cut-off scores (2014-2016)

No. of isolates with the number of

Species identification results by

positive blood cultures per patient

Total No. (%) Total No. (%)

MALDI-TOF MS system of patient of species
1 2 3 4 5 6 7 8

Corynebacterium striatum 17 9 1 3 2 0 1 1 34 (16.7) 75(27.3)

Bacillus cereus 35 3 1 0 0 0 0 0 39(19.1) 44 (16.0)
Paenibacillus urinalis 25 1 0 0 0 0 0 0 26 (12.7) 27 (9.8)
Listeria monocytogenes 3 7 0 2 0 0 0 0 12(5.9) 25@9.1)
Clostridium perfringens 9 3 0 0 0 0 0 0 12(5.9) 15(5.5)
Bacillus subtilis 11 0 0 0 0 0 0 0 11(54) 11 (4.0)
Bacillus licheniformis 10 0 0 0 0 0 0 0 10 (4.9) 10 (3.6)
Clostridium tertium 6 0 0 0 0 0 0 0 6(2.9) 6(2.2)
Microbacterium species 1 0 0 1 0 0 0 0 2(1.0) 5(1.8)
Actinomyces oris 4 0 0 0 0 0 0 0 4(2.0) 5(1.8)
Bacillus infantis 4 0 0 0 0 0 0 0 4(2.0) 4(1.5)
Bacillus pumilus 4 0 0 0 0 0 0 0 4(2.0) 4(1.5)
Bacillus megaterium 3 0 0 0 0 0 0 0 3(1.5) 3(1.1)
Bacillus sonorensis 3 0 0 0 0 0 0 0 3(1.5) 3(1.1)
Clostridium carnis 0 0 1 0 0 0 0 0 1(0.5) 3(1.1)
Eggerthella lenta 3 0 0 0 0 0 0 0 3(1.5) 3(1.1)
Bacillus mojavensis 2 0 0 0 0 0 0 0 2(1.0) 2(0.7)
Bacillus mycoisea 2 0 0 0 0 0 0 0 2(1.0) 2(0.7)
Corynebacterium minutissimun 2 0 0 0 0 0 0 0 2(1.0) 2(0.7)
Corynebacterium urealyticum 0 1 0 0 0 0 0 0 1(0.5) 2(0.7)
Lactobacillus paracasei 2 0 0 0 0 0 0 0 2(1.0) 2(0.7)
Microbacterium aurum 2 0 0 0 0 0 0 0 2(1.0) 2(0.7)
Mycobacterium abscessus 0 1 0 0 0 0 0 0 1(0.5) 2(0.7)
Paenibacillus illinoisensis 2 0 0 0 0 0 0 0 2(1.0) 2(0.7)
fgg’(’)‘t’lﬁ{f‘ odontolyticus 6 0 0 0 0 0 0 0 16 (7.8) 16 (5.8)
Total 66 25 3 6 2 0 1 1 (1%%“‘0) (1%)?)?0)

Arthrobacteroxydans, Bacillus atrophaeus, Bacillus flexus, Bacillus thermoamylovorans, Bacillus thuringiensis, Corynebacterium amyco-
latum, Corynebacterium falsenii, Corynebacterium pseudodiphthriticum, Exigubacterium aurantiacum, Lactobaillus salivarius, Lysinibacillus
fusiformis, Paenibacillus barengoltzii, Paenibacillus rhizosphaerae, Paenibacillus odorifer, Paenibacillus pauli

=0

3T

FAZ T4 7153 tH(Table 4).

o wigoz e RalE I YN UHR(GPB) 53
= #Ist 16S rDNA Y€7IMY EA 1 MALDI-TOF MS
system?| Z1} H|n

Mt2] 16S 1DNA 27144 #4]3} MALDI-TOF MS
28 FAl AAIEE F 5071 5 437(86.0%)S T A

|4 A7t DXk 0w, 773(14.0%)S ZA3prE X5}

2

A ggkk, BNl AP e ekl A C
striatum 197, L. monocytogenes 971, C. perfringens 571, B.
iodinum 173, Clostridium canis 171, Corynebacterium urealyt-
icum 171, Mycobacterium abscessus 173, P. urinalis 171 ©]}

T EAelM BUAE YER 771 T MALDI-TOF MS
ATl A cut-off score 1.7 ©/-S WEFAE A9+ F 21
O 2 B. cereus Lysinbacillus spp.=., Microbacterium spp.~
Mycobacterium paraoxydans=. 237} BL=|s+ A5 L E}
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Table 4. Distribution of Gram positive bacilli species from blood culture according to the cut-off scores of MALDI-TOF MS (2014-2016)

Species identification results by Score Score Total No. of species
MALDI-TOF MS system <20~>17 >2.0
Corynebacterium striatum 14 75 89
Bacillus cereus 16 44 60
Bacillus subtilis 19 11 30
Paenibacillus urinalis 2 27 29
Listeria monocytogenes 0 25 25
Clostridium perfringens 3 15 18
Bacillus licheniformis 6 10 16
Bacillus pumilus 8 4 12
Other species 67 64 131
Not reliable identification - - 213
No peaks found - - 90
Total 135 275 713

Table 5. Comparison of the results of MALDI-TOF MS and 16S rDNA sequence analysis with double positive cases in blood culture of

the same patient

C No. of isolates Fianl ID result by
Species identification results by - 16S-RNA
MALDI-TOF MS System 20< 1.7 < Score Score < Concordant Discordant TRD

Score <2.0 1.7 result result sequencing

Corynebacterium striatum 17 2 19 0

Bacillus cereus 5 1 5 1 Lysinbacillus sp.

Clostridium perfringens 4 1 5 0

Listeria monocytogenes 9 0

Bacillus iodinum 1 1 0

Clostridium carnis 1 1 0

Corynebacterium urealyticum 1 1 0

Microbacterium species 1 0 1 Mycobacterium
paraoxydans

Mycobacterium abscessus 1 1

Paenibacillus urinalis 1

Not reliable identification 4 0 Cellulomonas hominis
Corynebacterium
amycolatum
Catabacter
hongkongenesis
Bacillus sp.

No peaks found 0 1 Bacillus velezensis

Total 39 6 4 43 7

Wtk 7 B40A BUX]sE 495 el YA 55
MALDI-TOF MS %0l A not reliable identification =

no peaks found®] A3}-E eI, 16S r(DNA #4915 4

At A} 2Y2V-2- Cellulomonas hominis, Corynebacterium
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amycdatum, Catabacter hongkongenesis, Bacillus spp., Bacillus
velezensis = 573 ¥ S TH Table 5).
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olge vehc.

GPBOA | 54 3ol 23] o]t Eejwd A 1
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2 16S tIDNA 9714 4Y 415 &l Al dakE 13
stelom, HF AE vlus] Btk T 5040 F 434
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