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In this study, Gram-positive bacilli (GPB) were identified by MALDI-TOF MS and analyzed

according to the quaternary and microbial strains in the blood culture medium over a two year

period at a university hospital. The results were as follows. The overall positive rate of blood culture

was 9.97%. In 713 isolated GPB, 410 strains (57.5%) were identified using a microflex MALDI

Biotyper. The positive rate of GPB among the blood culture positive bacteria was 8.2%, and the

quarterly isolation rate was 9.8% in the third quarter of 2015, 8.7% in the second quarter of 2016,

8.1% in the third quarter of 2016, 8.1% in the first quarter of 2015, 7.9% in the first quarter of

2015, 7.9% in the second quarter of 2015, 6.8% in the first quarter of 2016, and 6.7% in the fourth

quarter of 2015. The isolates were Corynebacterium striatum 89 (12.4%), Bacillus cereus 60 Corresponding author: Young—Kwon Kim
(8.4%), Bacillus subtilis 30 (4.2%), Paenibacillus urinalis 29 (4.1%), and Listeria monocytogenes Department of Biomedical Laboratory Science,

25 (3.5%). The results of 16S rRNA sequencing of 43 isolates (86.0%) were consistent with those College of Medical Sciences, Konyang
of the other 50 isolates. Five out of the seven unmatched weeks were not identified by MALDI-TOF University, 158 Gwanjeodong-ro, Seo-gu,
MS Daejeon 35365, Korea
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2] 74 ¥ 87,2414 T WA 42 8,69971 0.8 9.97%=
EFRIAL, 1 % Gram positive coccis 4,19871(48.3%),
Gram negative bacilli 3,2457(37.3%), GPB 71371(8.2%),
Candida species=51371(5.9%), Gram negative cocci 3071
(0.3%) <=0 B2|= ]}, 20144 45-7] o] A4 310,168
A Z AX FAHEL 1,028 05 10.1%2 Yy, 15
Gram positive coccit= 56271(54.7%), Gram negative bacilli
3437(33.4%), GPB 837(8.1%), Candida species 387
(3.7%), Gram negative cocci 271(0.2%)2 UerH ow, 2015
| 187]= 9 A4 39,7327 5 AA e 861710 =
8.8%= UEMIIA, 1 % Gram positive cocci 4577
(55.2%), Gram negative bacilli 26671(30.9%), GPB 687
(7.9%), Candida species 4671(5.3%), Gram negative cocci 6
A0.7)%%5 Jebd e, 20154 2871 ¥ 9,574 5 ¥
99871(10.4%)& YFEFH 1AL, 71 5 Gram positive cocci 517
7(51.8%), Gram negative bacilli 33971(34.1%), GPB 834
(7.9%), Candida species 5271(5.2%), Gram negative cocci 7
20.7%)5 HeblTt. 20159 3571 ¥ 9= A= 11,2551 &
P42 1,26371 0.2 1.2%5 UEF 2™, 715 Gram positive
cocci 57271(45.3%), Gram negative bacilli 48171(38.1%),
GPB 1247(9.8%), Candida species 8171(6.4%), Gram
negative cocci 571(0.4%)5 Ut 20154 427] ¥
11,1637 & /42 11397(10.2%)°1912H, 11 % Gram
positive cocci 50871(44.6%), Gram negative bacilli 41271
(36.2%), Candida species 13171(11.5%), GPB 847(6.7%),
Gram negative cocci 47(004%)2] <=0 & Lelyttt. 20164
1571 ¥ 11,3215 %2 95048.4%)01%1em, 11 %
Gram positive cocci 41571(43.7%), Gram negative bacilli

40971(43.1%), GPB 657(6.8%), Candida species 577
(6.6%), Gram negative cocci 471(0.4%)& YERATE 2016E
2871 % 9= 142 11,9374 5 ¥/ 121271(10.2%)°1 91
™, 71 % Gram positive cocci 53771(43.3%), Gram negative
bacilli 5077(41.8%), GPB 1057(8.1%), Candida species 62
A(5.1%), Gram negative cocci 17(0.01%)% et o,
20169 3871 F 95 A 4= 12,0014 F P2 1,248%F
(10.3%)°]1%1.2.4, 71 - Gram positive cocci 61271(49.0%),
Gram negative bacilli 48871(39.1%), GPB 1017(8.1%),
Candida species 4671(3.7%), Gram negative cocci 171
(0.01%) =05 2] = Qleh. & Eoul Y FHES 10.0%R 2
o PN 5 GPBUAELS 8.2% % tHTable 1, Figure 1).
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Figure 1. Quarterly in year positive blood cultures at one university
hospital (2014~2016).

Table 1. Quarterly in year positive blood cultures at one university hospital (2014~2016)

No. (%) of results obtained from blood culture

Quarter in year

Gram Gram Gram Gram Candida Positivity (%)
positive bacilli positive cocci negative bacilli negative cocci species

2014-4Q* 83 (8.1) 562 (54.7) 343 (33.4) 2 (0.2) 38 (3.7) 1028/10168 (10.1)
2015-1Q 68 (7.9) 475 (55.2) 266 (30.9) 6 (0.7) 46 (5.3) 861/9732 (8.8)
2015-2Q 83 (7.9) 517 (51.8) 339 (34.1) 7 (0.7) 52 (5.2) 998/9574 (10.4)
2015-3Q 124 (9.8) 572 (45.3) 481 (38.1) 5 (0.4) 81 (6.4) 1263/11255 (11.2)
2015-4Q 84 (6.7) 508 (44.6) 412 (36.2) 4 (0.4) 131 (11.5) 1139/11163 (10.2)
2016-1Q 65 (6.8) 415 (43.7) 409 (43.1) 4 (0.4) 57 (6.6) 950/11321 (8.4)
2016-2Q 105 (8.7) 537 (43.3) 507 (41.8) 1 (0.01) 62 (5.1) 1212/11937 (10.2)
2016-3Q 101 (8.1) 612 (49.0) 488 (39.1) 1 (0.01) 46 (3.7) 1248/12091 (10.3)
Total 713 (8.2) 4198 (48.3) 3245 (37.3) 30 (0.3) 513 (5.9) 8699/87241 (100/9.97)

Abbreviations: No, number; Q, quarter.

1st quarter: Jan to Mar, 2nd quarter: Apr to Jun, 3rd quarter: Jul to Sep, 4th quarter: Oct to Dec.
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1.7 ol 5= 4105 57.5%%c 58> ﬂ O} 2510
1.7 oFf = A2 4= §l= A0S BAY #2135 29.9%
%13 no peaks found & §7o] otel= o t 90 12.6%%
C}. A510] 1.7 ool A 54 =8 Eel= Corynebacterium
striatum 897(12.4%), Bacillus cereus 6071(8.4%), Bacillus
subtilis 307(4.2%), Paenibacillus urinalis 297(4.1%),
Listeria monocytogenes 2571(3.5%), Clostridium pertfringens
184(2.5%), Bacillus licheniformis 167(2.2%), Bacillus
pumilus 1273(1.7%)°1R4.0 M, Bacillus mojavensis, Cory-
nebacterium afermentans, Bacillus sonorensis ZYZ¢ 1074
(1.4%)0143L, Microbacterium spp. 8A(1.1%), Bacillus
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megaterium 771(1.0%)<=2. 2 WeRGTHTable 2).

3. 16S5-rRNA sequencing=4d MALDI-TOF S8 Zut
G7IAE EAS 93 PCRE F88l7] ol Forward
primer$] 16S-rRNA1 (5'-AGT TTG ATC CTG GCT CAG-3")
9} Reverse primer$! 16S-rRNA2 (5'-GGT TAC CTT GTT
ACG ACT T-3)E o]t} Primer 22+ 20 pmol 1 pl,
dNTPs 1 uL, 10x Reaction buffer (1x: 10 mM Tris-HCL, 1.5
mM KCL, 0.1% Triton X-100) 5 pL, 2.5 U/uL DyNAzymeTM
polymerase 1 pL, Bt DW 38.5 puLofl % ¥ gDNA 2.5 L s
gol ¥ 50 L= WHEAE vHE3IHh PCRE TaKaRa PCR

Table 2. Identification of Gram positive bacilli by MALDI-TOF from blood culture (2014~2016)

No. of isolates with the number of

ID result by MALDI-TOF

positive blood cultures per patient

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

of patient of species
Species® 1 2 3 4 5 6 8 11

Corynebacterium striatum 17 9 2 3 1 2 1 1 36 (5.9) 89 (12.4)
Bacillus cereus 47 5 1 0 0 0 0 0 53 (8.6) 60 (8.4)
Bacillus subtilis 30 0 0 0 0 0 0 0 30 (4.9) 30 (4.2)
Paenibacillus urinalis 27 1 0 0 0 0 0 0 28 (4.6) 29 (4.1)
Listeria monocytogenes 3 7 0 2 0 0 0 0 12 (2.0) 25 (3.5)
Clostridium perfringens 8 5 0 0 0 0 0 0 13 (2.1) 18 (2.5)
Bacillus licheniformis 16 0 0 0 0 0 0 0 16 (2.6) 16 (2.2)
Bacillus pumilus 12 0 0 0 0 0 0 0 12 (2.0) 12 (1.7)
Bacillus mojavensis 10 0 0 0 0 0 0 0 0 (1.6) 10 (1.4)
Corynebacterium afermentans 10 0 0 0 0 0 0 0 10 (1.6) 10 (1.4)
Bacillus sonorensis 10 0 0 0 0 0 0 0 10 (1.6) 10 (1.4)
Microbacterium species 3 0 0 0 1 0 0 0 4 (0.7) 8 (1.1)
Bacillus megaterium 7 0 0 0 0 0 0 0 7 (1.1) 7 (1.0)
Mycobacterium abscessus 0 0 0 0 0 1 0 0 1(0.2) 6 (0.8)
Clostridium tertium 6 0 0 0 0 0 0 0 6 (1.0) 6 (0.8
Actinomyces oris 5 0 0 0 0 0 0 0 5 (0.8 5 (0.7)
Bacillus vallismortis 5 0 0 0 0 0 0 0 5 (0.8) 5 (0.7)
Eggerthella lenta 5 0 0 0 0 0 0 0 5 (0.8) 5 (0.7)
Bacillus infantis 4 0 0 0 0 0 0 0 4 (0.7) 4 (0.6)
Clostridium carnis 0 0 0 1 0 0 0 0 1(0.2) 4 (0.6)
Actinomyces odontolyticus 3 0 0 0 0 0 0 0 3 (0.5) 3 (0.4)
Bacillus mycoisea 3 0 0 0 0 0 0 0 3 (0.5) 3 (0.4)
Bacillus thuringiensis 2 0 0 0 0 0 0 0 2 (0.3) 2 (0.3)
Brevibacterium fodium 0 1 0 0 0 0 0 0 1(0.2) 2 (0.3)
Corynebacterium minutissimun 2 0 0 0 0 0 0 0 2 (0.3) 2 (0.3)
Corynebacterium urealyticum 0 1 0 0 0 0 0 0 1(0.2) 2 (0.3)
Lactibacillus paracasef 10 0 0 0 0 0 0 0 0 (1.6) 10 (1.4)
Arthrobacter oxydans 27 0 0 0 0 0 0 0 27 (4.4) 27 (3.8)
Not reliable identification 205 4 0 0 0 0 0 0 209 (34.0) 213 (29.9)
No peaks found 88 1 0 0 0 0 0 0 89 (14.5) 90 (12.6)
Total 565 34 3 6 2 3 1 1 615 (100.0) 713 (100.0)

%D result cut-off criteria: score =1.7. "Microbacterium aurum, Lysinibacillus fusiformis, Solibacillus silvestis, Paenibacillus illinoisensis.
‘Bacillus atrophaeus, Bacillus circulans, Bacillus fexus, Bacillus muralis, Bacillus niacini, Bacillus thermoamylovorans, Bacillus

weienstephanensis,

Clostridium  bifermentans, Clostridium innocuum, Corynebacterium amycolatum, Corynebacterium — falseni,

Corynebacterium pseudodiphthriticum, Corynebacterium singulare, Corynebacterium tuscaniense, Dermabacter hominis, Exigubacterium
aurantiacum, Gordona rubropertincta, Lactobaillus salivarius, Microbacterium oxydans, Microbacterium testaceum, Paenibacillus
barengoltzii, Paenibacillus latus, Paenibacillus rhizosphaerae, Paenibacillus odorifer, Paenibacillus pauli, Paenibaillus xylanilyticus.
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Thermal cycler (TP600 Gradient, Roche Molecular System,
CA, USAYE ARESFROL, 2% 271 94°ColA] 54 pred-
enaturationA]7l &, 94°C 9| 4] 18 dena- turation, 49°C]l
Al 1% annealing, 72°C 94 15 extensione 15+7| & 3639]
AAJBlo] Z223}71 72°C ol 4] 1057} postextension = AIA]
skt microflex MALDI Biotypere] &% Ao} As}eH4]
4 Ayl YA ¢h= ¥ 505 F 435 16S-rRNA
sequencing 24 ATt} QX3 oL} 73 AX|E1R] USF
o} AXE JFE5E Corynebacterium  striatum 197,
Clostridium perfringens 53¢, Listeria monocytogenes 9,
Bacillus iodinum 1%, Clostridium canis 157, Corynebacterium
urealyticum 155, Mycobacterium abscessus 1, Paenibacillus
urinalis 1% ©13itk. 1.7 o]4e] AxiojollA] = H 5
% Bacillus cereus= Lysinbacillus spp.= Microbacterium
spp.= Mycobacterium paraoxydanss ZtZr 16S-rRNA
sequencing A3} U X811, 55= MALDI-TOF MSejl
A% not reliable identification 2~ no peaks found& WEk
W 58 EE 550l ti$t 16S-rRNA sequencing

A} Cellulomonas hominis, Corynebacteriumamycdatum,
Catabacter hongkongenesis, Bacillus spp., Bacillus
velezensiss. & 3% At Table 3).
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79 U PR 04 A7 Hu) b o] He
B % et

Foluforoll A @.A2] 5 YISO = Propionibacterium

acnes, Corynebacterium spp. % Bacillus spp.7} tHiE4 0]

ok, e el ] Fok Wl Aok dikte] 7k, )
o] 419] A1} HA), WAL A5 502 Whof vl UA0.
= Y2 el A UL 53 Bl
A% Qhgo] B3 Hglon[12], AR o2t A5 4]
e, Q1 A WL, B Y, TET BAF ER LS
A Ak 2] wEelA] MU o 4 9SS Y|kt
[13]. FHe] 3 A7 A= Bohhor 0] THs o]

| RAA O 2 ERE] = Coagulase-negative Staphylococcus
(CoNS), Bacillusspp., Corynebacteriumspp., Enterococcus
Spp., Micrococcus spp., Propionibacterium spp.©] & Huf
ol A E7 = A oJu] 2] s glo] B FAlof 23]
Blo] A3l th= GPBO| B FAof tiet Xﬂﬁm o EH H B
3 HE QIeH14]. ol =gt Aok o] Aol %
Aol A= BHalgt @ Yofefal ke A] oF= 2t ¢ EJ %“é Al
o] Ee] AP K arstar, 11 Aol oAl el el et
of @7]= 257 i 9] B2 kol A= GPB& X otet
Gotufj ool A el == v ol el 85t T =
&0t Gkt A HeE A E A A
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Table 3. Comparison of identification results between MALDI-TOF and 16S-rRNA sequencing of two or more isolates from one patient

ID result by

No. of concordant and discordant by MALDI-TOF

Fianl ID result by

Species Concordant result

Discordant result 165-TRNA sequencing

Corynebacterium striatum
Bacillus cereus
Clostridium perfringens
Listeria monocytogenes
Bacillus iodinum
Clostridium carnis
Corynebacterium urealyticum
Microbacterium species
Mycobacterium abscessus
Paenibacillus urinalis

Not reliable identification

o_\_no_\_\_xommé\

No peaks found 0
Total 43

0

1 Lysinbacillus sp.

0

0

0

0

0

1 Mycobacterium paraoxydans

0

0

4 Cellulomonas hominis
Corynebacterium amycolatum
Catabacter hongkongenesis

Bacillus sp.
1 Bacillus velezensis
7

Abbreviation: No, number.
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GPBO| we]&3 -2 == 59 thel ol sl dobR gty
2 Aol A= A7 g oA 27t o=l E - 87,241
A F ¥ 8,699 08 A &2 9.97%9.0M, %4
Al % Gram positive coccit= 4,19871(48.3%), Gram
negative bacilli 3,24571(37.3%), GPB 71371(8.2%), Candida
species=51371(5.9%), Gram negative cocci 3074(0.3%) <=
o7 BEEQit) o]+ Ahn F(12]0] Ba1st 2002W4-H
2006 7FA] EHuloF FAE-2 18.5% 2 2 Aol 4121 9.97%
Kot 2v) 7hE =2 HlEY PSS UEen, Gram
positive cocci®] Fe]&2 35.1%= = Aol A] 48.3% Ert
A YR AL, Gram negative bacillis 23.9% 2 2 37Lof| A
9] 37 3%E 2 AFECE S S e 9l o, GPBO] &
& 5.2%5 HER 2 Aol A 9] 8. 2% Kok e Rel&
= L}FJr”*E} GPB9] 5.2% % Bacillus spp. 0.8%, Erysiph-
elothrix spp. 0.2%, 7|E} GPB2] H-2]&-2 12.8%= B 153
O, Candida speciest= 2.8%, Gram negative cocci 0.0%%
2 Aol A1 9] 0.3%2} oFtEe] Aol 7 Q& Harstelet. =
2 ool A] 1998 HE] 2010 7FA] 13E7He] Hlof A=
[14] A4 FAHE] gt B ¢lgley Gram positive
cocci®] EZEL 50.1%% H AFoA 48.3%, Gram
negative bacillis= 38.4%= £ Ao A 2] 37.3% = H Ao
A &} H]523t oS UER 9l o™, GPB= AR IS
EEL] 7.7%F e 2 Aol 41 9] 8.2%K k= oFE -
HofaS UERHTh Yeasts= 2.8%5 2 1ol 4] 5.9% Kok &
A vepsity, A28o% 2dzt ¥ QA FES Bt
9.97%%.2.# microflex MALDI BiotyperE ©]-8-3to] 3 713
719 GPBE 7171 Az 2JALe] 71380 whet ot 57 o] 7Hs ot
A510] 1.7 o 9= 4105 57.5%01 3. 5782 E| 1o
25101 1.7 o 2 A 4= §l= AWE BAH F= 2135
2 29.9%%9™ no peaks found= FAZA AEAUE =
907 12.6% ©] it} DA F/dAlet & GPBE] &> 4
T 8.2%3Att. w71 Eel&-2 20159 3771=9.8 %, 20161

—

¢
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2 %
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