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ABSTRACT

Antibiotic susceptibility in bacteria isolated from

infected root canals

Lim, Sang-Soo, D.D.S., M.S.D.

Advisor : Prof. Hvang, Ho-Keel, D.D.S., M.S.D., Ph. D.
Department of Dentistry,

Graduate School of Chosun University

The aim of this study was to identify the bacteria isolated from endodontic
lesions by cell culture and to determine the antimicrobial susceptibility of them
against 8 antibiotics. The necrotic pulpal tissues were collected from 27 infected
root canals, which were diagnosed as endodontic infection. Samples were collected
aseptically from the infected pulpal tissue of the infected root canals using a
barbed broach and a paper point. The cut barbed broaches and paper points were
transferred to an eppendorf tube containing 500 wll of 1 X PBS. The sample
solution was briefly mixed and plated onto a BHI-agar plate containing 5% sheep
blood. The agar plates were incubated in a 37C anaerobic chamber for 2 to 5
days. The bacteria grown on the agar plates were identified by comparison of 16S
rRNA gene (rDNA) sequencing method at the species level. To test the sensitivity
of the bacteria isolated from the infected root canals against 8 antibiotics, minimum
inhibitory concentrations (MIC) were determined using broth dilution assay. The
data showed that 101 Dbacterial strains were isolated and were identified.
Streptococcus spp. (29.7%) and  Actinomyces spp. (21.8%) were predominantly
isolated. The 9 strains were excluded in antimicrobial susceptibility test because

they were lost during the experiment or were not grown in broth culture. The
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percentage of bacteria susceptible for each antibiotic in this study was clindamycin,
87.0 %(80 of 92); tetracycline, 75.0% (69 of 92); cefuroxime axetil, 75.0% (69 of 92);
amoxicillin + clavulanic acid (5:1), 71.7% (66 of 92); penicillin G, 66.3% (61 of 92);
erythromycin, 66.3% (61 of 92); amoxicillin, 44.6% (41 of 92); and ciprofloxacin,
31.5% (29 of 92). The susceptibility pattern of 8 antibiotics was dependent on the
host of the bacteria strains rather than the kinds of bacterial species. These results
indicate that antibiotic susceptibility test should be performed when antibiotics are
needed for the treatment of infected root canals. The combined treatment of two or
more antibiotics may be better than single antibiotic treatment for the case of

multidrug-resistant bacteria in the infected root canals.
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2] (dental pulp)®] AT Sf7Folyt Aop¢2 T3 22 At Aol ofs] 2=
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T AT AT 9 e A= g dFs 4o Afele A5dE A
af FomM WA RV ARt 2 o da, ASd AFxAe Fx7F A F A H ol
Kl = Atk (Andreasen, 1986). a4 %, AldAd A5 U A fole AFxAo] AT H
A AT AFE Ee 2w dE ol dAET AFel Aol EHE ARE
aA F MAZ YE F Avh(Nair, 2004; Solomon et al, 1995). A WA &= 2 o} %2
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endodontitis)9] Aol QoA T8I ITFS FTo] R H Y (Bergenholtz, 1974;
Kantz and Henry, 1974; Wittgow and Sabiston, 1975). 77 Wol & ok 5000 9] A
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II-1. A& AF L Adug
ZAYstn $& AR Yo] ZAAEE Y WA A F
bE Al S A9 279 SRR RE 27 AdE XolE A ke
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iodine®. 2 1%+ 2531, 5% Sodium thiosulfate® XW 2] iodines =X 3A 7
& e ANWEtL, ABE AFE FAHoZ AAGG g, viHE H2 X s P
oy EJEE o] g3} ol 714 A

<@ W WE=S AHFL 1 mle 1X PBS

3 AZEL 10008 EA e oS 3% Tryptic soy broth,
05% Yeast extract, 0.05% Cysteine HCl, 1.5% Bacto-agar, 0.5 gg/mé hemin, % 2 ug
/mé vitamin Kio] @t¥ g ujAlol ='rete] 85% N, 5% Ha, 10% CO29 EF7F
7} F5%+E 37C anaerobic chamber(Model Bactron I, Sheldon Manufacturing Inc.,
Cornelius, OR, USA)ollA 2-5%4 &<t sttt o of AAste= Al bl 2o,
AMZ A7) s& st AR & S 47 AFHS A Trytic soy HA v Aol i

Fstel the Aol At

II-2. A& A A DNAY F%
ol A A m Ao A wokE

71014 1-2 ZF wieFak vk Alet w3 mlE 7,000 x g HAHE o] &5t

Al A

&

= 5 mle] HAufA e HFske] FIA vl

3+3bal, o] 2 G-spin' ' Genomic DNA

Extraction Kit(iNtRON Co., Seoul, Korea)E
o] g-sto] Al FHA DNAE FE=o9th AldS 53 s 50 o dujeF &9

33 el eholadte e Wn I EFW e 3TCAA 1A B e
o71e] 250 W) G-2F §L W; & EFF G 65CAA 15E7 WA T,

o

250 wel A% &AL P wWRtV|E o] gty & AHoFAr ol Ax &
G-spin™ columnel] ¥ 3 13,000 rpmel A 1%7F A4 %2359 G-spin'™ columnol

500 ueo] A=A fFq AS Y A 1237 A8 o 71el 500 peel Al <

o

o,

Zd BE Wa thA] 187 9482 S, G-spin' " columne eppendorf tubed] % o]



100 o] 4% SFHE ¥ 127 Aol WA v&, vFdAdzldA 7,000

II-3. PCRS o] 8% 16S rDNA9 % 2 224
16S rDNAZE %3 4 9+ universal PCR Z&ol 2 (27F9 1492R, Lane et al.,
1985), AccuPower” Premix(Bioneer Corp.)9t PTC-200 PCR machine(M] Research
, Watertown, MA, USA)& o]$3t] 16S rDNAE TE34 ). olul PCRY =%
< e Zo] Algeitk. PCR g E@8 Rl 20 w7t H xS, 20 pmoles # 9
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PCRo] €4 % 20 w9 ¥&&

=

A DNAE i 94TolA 283 27

o,

, 55ColA 13 AeREg, 72TolA 123t

O_L4
=
>
Ny
T
N
ofN

)
o
)19
T,
oo
o
]
Do
a
=
>
—
()
Hm
N
2
o2,
>
)
)

2 WE Tris—acetate buffer(0.04 M Tris-acetate,

of

0.001 M EDTA, [pH8.0DE dsid= AbEstal 15% ofrtzs AL vidz o] sfA

100 Vel 30&3F #7199 th. FF% =2 ethidium bromide® QA st UV

Olt
-
32

JH:I

transilluminator2 WA A FF oFHE st
ol A F=Z3 165 rDNAE pGEM-T easy vector(Pormega Corp., Madison, WI,

USA)E o] &3l 24939

II-4. Z25t2v= DNA &=

Z  coli DH5a°l  transformationAl 7l Z+zbe] A x3[}HE  FFAvE= DNAT

AccuPrep™ Plasmid Extraction Kit(Bioneer Corp., Daejeon, Korea)Z o] &30 | %
AL AAHE FEoAT. o] & 1hes] AWetd, Alduidd 1 mlE 30%1F 44
212,000 x g8k, Folxl Al GolzlE 250 we A 4F AL ¥ F FolE
U, 250 wb ME Ga e Hrbsto] HAs] & =Foko], 350 we] T34 kT

S HAAE A AAs L R B e FTo Ao 5E7F AT o] AL 10
7 9AEZ10,000 x g3t FA A A VT FHA &Ha, 18I AR
(10,000 x @&tA Tt oJNe Wi, AdF 715 FEo| 700 w2 A2 &M (R0% of &



)& B2 F 18 9AEE00,000 x g3kt A 7l FHO Holdd o479
Net&e AAsH7] A& A NS W, thA] 30373 DA (10,000 x ») AT
A% 75 S M2 FEE %7, o7 100 wel &% 959 W 1870 7|t

oo, oA 1R AAE 210,000 x g)dte] of e S -T70Cel A Hytsha 34ked 7]

IIF5. Q71 d 2448 2 ANA7IAEY F5A8 AN

A7 E AA L2 vho] Y olAk(Bioneer Corp.)oll 9 ste] ZAATHTE ojuf A}
S5t AAAVIME A48 xZelolm = ChDC-GEM-F(G'-TTC CCA GTC ACG ACG
TTG TAA AA-3'), Seq-F1(5'-CCT ACG GGA GGC AGC AG-3'), Seq-R2
5'-GAC TAC CAG GGT ATC TAA TCC-3'), Seq-F16(5'-TAG ATA CCC YGG
TAG TCC-3), ¥ ChDC-GEM-R(5'-GTG TGG AAT TGT GAG CGG ATA
AC-3)Z ol &3t o, o1 A= SeqMan 213 (Version 5.00; DNASTAR, Inc.,
Madison, WI, USA)S o] &3lo] #2431,

dolA AR ARG ALDE MFPRAYNA AFE Blastn Z2IAL o] §
ol 4BHES AMEE, 1 A 8% ol FFHL Hol: ALE EFFIFY F

II-6. 3A 54 29

Penicillin G(HYAHA G), amoxicillin(o}&FA]A &), tetracycline(Hl E Aol & &),
erythromycin(ol 8] EZn}o]Al) = clindamycin(F @ thufo] 41)& A 2wl AH(Sigma, St.
Louis, MO, USA)olA TFd3te] Al439c. =3, Augmentin®(amoxycillin  +
clavulanic acid, 51)( W ®)L  SmithKline Beecham A}(Brentford, UK),
ciprofloxacin(A & & A4S A G A 2F 3] AH(Seoul, Korea) 18] 3, Cefuroxime axetil
(MZE4 ofMd, MZEA)E dl& A 2F3] A (Seoul, Korea)oll Al #| & o}l L8311
ofg] FAA Hat HAHFA

Murry ¢}t Jorgensen(1981)2] ®Wol uwhe} 4 A wjx] My or ZAs3UH. of& e

A % % (minimum  inhibitory concentration; MIC)+&



5] AdwstH, Zhzbe] AA FETF 64, 32, 16, 8, 4, 2, 1, 0.5, 025, 0 pg/m¥ =%
E Z24%" 01 mee] GAufA o, 450 nme] Ao ek &3 E=(As) 7t 0.062 LA s}

A detd A dds 44 01 md HFTokal, oS 747 Atel HA A =

ri
j=d)
==
o2
ol

Aol A 484 st % enzyme-linked immunosorbent assay(ELISA)E o] &3} o]
450 nmoll Al FHEE FAT A3 SANET] AT ¥4 &L A FAE @
IovlaLsked +0.050%0 #e Zte FAA FEE MIC #to= AAs AT 5 A5
% %= = National Committee for Clinical Laboratory Standards(NCCLS)o| A @3k 3j

A F o] uwskti(Table 1, National Committee for Clinical Laboratory standards,

2000, 2001).

Table 1. Interpretive standards for dilution susceptibility testing (NCCL, 1997, 1999)

MIC (pg/me)

Antibiotics
Susceptible Intermediate Resistant

Penicillin G, amoxicillin®

Anaerobes <0.5 1 >2

Staphylococci <0.12 - >0.25

Streptococci <0.12 0.25-2

Enterococci <8 - > 16
Amoxicillin + clavulanic acid >4

Anaerobes <4 8 > 16

Staphylococci <4 - >8

Other aerobes <8 16 > 32
Tetracycline <4 8 >16
Ciprofloxacin <1 2 >4
Erythromycin <05 1-4 >8
Clindamycin

Anaerobes <2 4 >8

Aerobes <0.5 1-2 >4
Cefuroxime axetil <1 2 >4

"Amoxicillin is considered to have an MIC similar to ampicillin.
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= 12037 AEFHAT o5 #FEQ 16S rDNAE F2493 b, d7]Ad v
S ol&3lod F oA sAS A, AMFFT(29.7%) 3 Actinomyees spp.(21.8%)
TFEo ZMF ®wol HEHYY(Table 3). A FTE T mitis & AT,

salivarius o AfAT

i}
12

—

oL

ol

et

9 anginosus w AN FT F S constellatusSt S
intermedia= 16S rDNA @7IA 9= Ao off st (Table 3 & 4). =3 A4
naeslundi’® A. viscosus, P. cvclohexanicum® P. Jfreudenreichii, P. propionicus<t
P auidum, S, pasteuri®} S, warneri, C sporogenesSt C botulinum E% ¥ AT
A TFEE F A tH(Table 3 & 4). 93/94H AW EFL & 3xpo] gk X olo Al barbed
Aol

Actinomyces naeslundii viscosus &3¢ mitis o A Aol 77H(25.9%) A Z ol A

7HE R sHAl A =% vk (Table 2 & 3).

mlu

rok

broach® paper pointZ o] &3le] F H AMZH S

-2 #8 2 39 45759 8% FAAA dgd MIC 3

B oAFos Beld #5359 8% FAAd W MIC 2 Table 50 A3ttt
Balg 101 #F T 9 #FE A wlg T 24(ChDC B6349 ChDC B744)% A &
A Aol A= Aep A g A A el o A= wf ko] = A oA (ChDC B632, ChDC
B633, ChDC B647, ChDC B700, ChDC B708, ChDC B750, ChDC B751) 44 74
AHE A EaAr. BEE 75 S 80870 %) W vF FHthuiolale] 7
S wow, Az ofAEI HEZAFH]  69(75.0%)7F, 9 1wl E o]
66(71.7%) w7, #lUdd Goll 63(685%) itF7}, ol EZulolalo] 61(66.3%)
7h, obE A A -] 41(44.6%) wF7F RS B AT AIFEEAR G =

o,

o,

29(31.5%) wtFwko] A S Bt (Table 5).



Table 2. The bacterial strains isolated in this study

Salr\ln(f).le’ Clinical isolates

81 5  ChDC B631", ChDC B632", ChDC B633", ChDC B634", ChDC B635"

82 2 ChDC B636", ChDC B637

84 1 ChDC B638

85 2 ChDC B639°, ChDC B640°

86 4 ChDC B664, ChDC B665, ChDC B666, ChDC B667

88 2 ChDC B641, ChDC B642

89 3 ChDC B643", ChDC B644°, ChDC B645"

90 1 ChDC B646"
93/94 6  ChDC B668", ChDC B669°, ChDC B670", ChDC B671°, ChDC B672", ChDC B673
9% 3 ChDC B674", ChDC B676°, ChDC B677"

97 1 ChDC B709

99 2 ChDC B678, ChDC B679°

100 2 ChDC B707, ChDC B708

102 2 ChDC B680°, ChDC B681°

103 2 ChDC B682", ChDC B683°

104 5  ChDC B647", ChDC B648", ChDC B649", ChDC B650°, ChDC B651"

105 6  ChDC B652", ChDC B653", ChDC B654", ChDC B655°, ChDC B656°, ChDC B657°
106 6  ChDC B658", ChDC B659, ChDC B660, ChDC B661, ChDC B662, ChDC B663
107 7  ChDC B684", ChDC B685", ChDC B686", ChDC B687°, ChDC B710, ChDC B711, ChDC

B712

112 7 ChDC B688, ChDC B689, ChDC B690, ChDC B691, ChDC B692, ChDC B693, ChDC B694
114 4 ChDC B713, ChDC B714, ChDC B715, ChDC B716

115 12 ChDC B695, ChDC B696, ChDC B697, ChDC B698', ChDC B699", ChDC B700°, ChDC

B701°, ChDC B702°, ChDC B703°, ChDC B704°, ChDC B705°, ChDC B706’,

117 2 ChDC B717, ChDC B718

119 2 ChDC B735, ChDC B736

120 4 ChDC B737, ChDC B741, ChDC B743, ChDC B744

123 4 ChDC B749, ChDC B750 ChDC B751, ChDC B752

180 4 ChDC B730, ChDC B731, ChDC B732, ChDC B733
Total 101

ChDC; Department of Oral Biochemistry, College of Dentistry, Chosun University

“Those strains were isolated in a previous study, Lee es @/, 2005.
ChDC B631: This strain doesn’t exist at present.



Table 3. Identification of bacteria isolated from the samples at the species level

Strains Genus or species match [Gene Bank access number] Identity (%)
ChDC B631"  Actinomyces sp. oral clone IP073 [AY349365] 99
Actinomyces viscosus NCTC 109517 [X82453] 95
Actinomyces oricola CCUG 46090" [AJ507295] 94
Actinomyces naeslundii NCTC 103017 [X81062] 94
ChDC B632  Actinomyces israelii C1.P. 1032597 [X82450] 98
ChDC B633  Actinomyces georgiae DSM 63437 (=ATCC 49285"7) [X80413] 98
ChDC B634  Actinomyces naeslindir NCTC 103017 [X81062] 97
Actinomyces viscosus NCTC 109517 [X82453] 97
ChDC B635  AMethviobacterium fiyisawaernse ATCC43884" [A]J250801] 99
Methylobacterium radiotolerans ATCC27329" [D32227] 99
ChDC B636  Pseudomonas aeruginosa ATCC10145" [AB117953] 99
ChDC B637  Pseudomonas aeruginosa ATCC10145° [AB117953] 99
ChDC B638  Propionibacterium acnes ATCC 69197 [AB108479] 99
ChDC B639  Actinomyces naeslindiir NCTC 103017 [X81062] 98
Actinomyces viscosus NCTC 109517 [X82453] 98
ChDC B640  Streptococcus anginosis ATCC 333977 [AF104679] 98
ChDC B641  Staphviococcus epidermidis ATCC 14990" [AE016751] 99
Staphyiococcus caprae ATCC 35538T [AB009935] 99
Staphyiococcus capitis ATCC 49326" [AB009937] 99
Staphrvlococcus saccharolvticus ATCC 14953" [L37602] 99
ChDC B642  Actinomyces viscosus NCTC 109517 [X82453] 98
Actinomyces naes/undiir NCTC 103017 [X81062] 97
ChDC B643  Stap/yiococcus warneri ATCC 278367 [L37603] 99
Staphyviococcus pasteuri ATCC 511297 [AB009944] 99
ChDC B644  Actinomyces naes/undiir NCTC 103017 [X81062] 99
Actinomyces viscosus NCTC 109517 [X82453 98
ChDC B645  Actinomyces viscosus NCTC 109517 [X82453] 99
Actinomyces naeslundii NCTC 103017 [X81062] 98
ChDC B646  Actinomyces odontolvticus CCUG 20356" [AJ234043] 98

ChDC; Department of Oral Biochemistry, College of Dentistry, Chosun University

“ChDC B631: This strain doesn’t exist at present.
(Continued on next page)



Table 3. Identification of bacteria isolated from the samples at the species level

(Continued in previous page)

Strains Genus or species match [Gene Bank access number] Identity (%)
ChDC B647  Propionibacterium cyvclonexanicurm ATCC 700429 [D82046] 96
Propionibacterium freudenreichii  ATCC 62077 [Y10819] 96
ChDC B648  Streptococcits oralis ATCC 35037" [AF003932] 98
Streptococcus mitis ATCC 49456 [AJ295853] 98
Streptococcus pneumoniae ATCC 334007 [AE008537] 98
ChDC B649  Actinomyces naeslindir NCTC 103017 [X81062] 99
Actinomyces viscosus NCTC 109517 [X82453] 97
ChDC B650  Actinomyces viscosus NCTC 109517 [X82453] 98
Actinomyces naes/undiir NCTC 103017 [X81062] 98
ChDC B651  Actinomyvces georgiae ATCC 49285' [X80413] 98
ChDC B652  Propionibacterium propionicus ATCC 141577 [AJ003058] 99
Propionibacterium avidun DSM 49017 [AJ003055] 99
ChDC B653  Propionibacterium propionicus ATCC14157" [AJ003058] 99
Propionibacterium avidwn DSM 49017 [AJ003055] 99
ChDC B654  Finegoldia magna ATCC 157947 [AB109771] 98
ChDC B655  Propionibacterium propiornicus ATCC 141577 [AJ003058] 99
Propionibacterium avidum DSM 4901" [AJ003055] 99
ChDC B656  Porphyromonas asaccharolytica ATCC 252607 [1.16490] 98
ChDC B657  Porphyromonas asaccharolytica ATCC 252607 [1.16490] 98
ChDC B658  Actinomyces odontolvticus CCUG 205367 [AJ234040] 99
ChDC B659  Actinomyces odontolvticus CCUG 20536 [AJ234040] 99
ChDC B660  Actinomyces odontolvticus CCUG 205367 [AJ234040] 99
ChDC B661  Actinomyces odontolvticus CCUG 205367 [AJ234042] 98
ChDC B662  Actinomyces odontolvticus CCUG 205367 [AJ234042] 98
ChDC B663  Actinomyces odontolvticus CCUG 205367 [AJ234042] 99
ChDC B664  Staphviococcus aureus subsp. aureus ATCC 126007 [X68417] 99
Staphyiococcus aureus subsp. anaerobius ATCC 358447 [D83355] 99
ChDC B665  Staphviococcus aureus subsp. aureus ATCC 126007 [X68417] 99
Staphvlococcus aureus subsp. anaerobius ATCC 35844" [D83355] 99

ChDC; Department of Oral Biochemistry, College of Dentistry, Chosun University

(Continued on next page)



Table 3. (Continued in previous page)

Strains Genus or species match [Gene Bank access number] Identity (%)
ChDC B666 Streplococcus mitis ATCC 494567 [AF003929] 99
Streptococcus pnewnoniae ATCC 334007 [AF003930] 99
Streptococcus oralis ATCC 350377 [AF003932] 99
ChDC B667  Abrotrophia para-adiacens strain TKT1" [AB022027] 99
Granulicatella adiacens GIFU 12706" (=ATCC 49175") [D50540] 98
ChDC B668  Streptococcits salivariiis ATCC 70737 [AY188352 ] 99
Streptococcus thermoplilus ATCC 192587 [AY188354] 99
Streptococcus vestibularis ATCC 491247 [AY188353] 99
ChDC B669  Streptococcus parasanguinis ATCC 159127 [AF003933] 98
Streptococcus mitis ATCC 494567 [AF003929] 98
ChDC B670  Streptococcus parasanguinis ATCC 159127 [AF003933] 98
ChDC B671  Streptococcus parasanguinis ATCC 159127 [AF003933] 98
Streptococcus mitis ATCC 494567 [AF003929] 98
Streptococcus oralis ATCC 350377 [AF003932] 98
ChDC B672  Streptococcits salivariiis ATCC 70737 [AY188352 ] 99
Streptococcus thermopthilus ATCC 192587 [AY188354] 99
Streptococcus vestibularis ATCC 491247 [AY188353] 99
ChDC B673  Streptococcits salivariiis ATCC 70737 [AY188352 ] 99
Streptococcus thermoplilus ATCC 192587 [AY188354] 99
Streptococcus vestibularis ATCC 491247 [AY188353] 99
ChDC B674  Streptococcus oralis ATCC 35037 [AF003932] 99
Streptococcus mitis ATCC 494567 [AJ295853] 98
Streptococcus pneumoniae ATCC 334007 [AE008537] 98
Streptococcus sanguinis ATCC 105567 [AF003928] 98
ChDC B676  Streptococcus mitis ATCC 494567 [AJ295853] 98
Streptococcus pneumoniae ATCC 334007 [AE008537] 98
Streptococcus oralis ATCC 350377 [AF003932] 98
ChDC B677  Streptococcits pneurnoniae ATCC 334007 [AE008537] 98
Streptococcus sanguinis ATCC 105567 [AF003928] 98

ChDC; Department of Oral Biochemistry, College of Dentistry, Chosun University
(Continued on next page)



Table 3. (Continued in previous page)

Strains Genus or species match [Gene Bank access number] Identity (%)
ChDC B678 Streptococcus mitis ATCC 494567 [AJ295853] 99
Streptococcus pneumoniae ATCC 334007 [AE008537] 99
Streptococcus oralis ATCC 350377 [AF003932] 99
ChDC B679  Streptococcus gordonii ATCC 10558" [AF003931] 99
ChDC B680  Streptococcus mitis ATCC 494567 [AJ295853] 99
Streptococcus prnewnoniae ATCC 334007 [AE008537] 99
Streptococcus oralis ATCC 350377 [AF003932] 99
ChDC B681  Streptococcus mitis ATCC 494567 [AJ295853] 99
Streptococcus pneumoniae ATCC 334007 [AE008537] 99
Streptococcus oralts ATCC 35037 [AF003932] 99
ChDC B682  Zactobacillus pentosus JCM 15587 [D79211] 99
Lactobacillus plantarum JCM 11497 [D79210] 99
ChDC B683  Zactobacilius casei subsp. alactosus JCM 1133T[D16548] 99
Lactobacillus casei subsp. tolerans JCM 11717 [D16550] 99
Lactobacillits caser subsp. pseudoplantarurn CM 11817 [D16549] 99
Lactobacillus zeae ATCC 158207 [D86516] 99
Lactobacillus caser subsp. casei JCM 11347 [D16551] 98
Lactobacillus caser subsp. rhamnosus JCM 11367 [D16552] 98
ChDC B684  Streptococcus anginosius ATCC 333977 [AF104678] 99
ChDC B685  Streptococcus mitis ATCC 494567 [AJ295853] 99
Streptococcus pneumoniae ATCC 334007 [AE008537] 98
Streptococcus sanguinis ATCC 105567 [AF003928] 98
ChDC B686 .Streptococcus mitis ATCC 494567 [AJ295853] 98
Streptococcus pneumoniae ATCC 334007 [AE008537] 98
Streptococcus sanguinis ATCC 105567 [AF003928] 98
ChDC B687  Streptococcits cristatus NCTC 124797 [AB008313] 99
ChDC B688  Streptococcus anginosius ATCC 333977 [AF104678] 99
ChDC B689  Streptococcus mitis ATCC 49456" [AJ295853] 99
Streptococcus prnewnoniae ATCC 334007 [AE008537] 98
Streptococcus sanguinis ATCC 105567 [AF003928] 98

ChDC; Department of Oral Biochemistry, College of Dentistry, Chosun University

(Continued on next page)



Table 3. (Continued in previous page)

Strains Genus or species match [Gene Bank access number] Identity (%)
ChDC B690  Actinomyces viscosus NCTC 109517 [X82453] 98
Actinomyces naeslundii NCTC 103017 [X81062] 97
ChDC B691  Streptococcus mitis ATCC 49456" [AJ295853] 99
Streptococcus pneumoniae ATCC 334007 [AE008537] 99
Streptococcus oralis ATCC 350377 [AF003932] 98
ChDC B692  Abiotrophia para-adiacens strain TKT1" [AB022027] 99
Granulicatella adiacens GIFU 12706" (=ATCC 49175") [D50540] 98
ChDC B693  Streptococcus pnewnoniae ATCC 334007 [AE008537] 98
Streptococcus sanguinis ATCC 105567 [AF003928] 98
ChDC B694  Actinomyces viscosus NCTC 109517 [X82453] 98
Actinomyces naes/undiir NCTC 103017 [X81062] 97
ChDC B695  Streptococcus anginosus ATCC 333977 [AF104678] 99
ChDC B696  Prevotella denticola ATCC 35308" [AY323524] 98
ChDC B697  Prevotella buccae ATCC 33690" [116478] 98
ChDC B698  Prevotella denticola ATCC 35308" [AY323524] 98
ChDC B699  Streptococcus anginosus ATCC 333977 [AF104678] 99
ChDC B700  Stuttleworthia satelles VPI D143K-13" [AF399956] 99
ChDC B701  Zfidobacterium dentium ATCC 275347 [D86183] 98
ChDC B702  Prevotella denticola ATCC 35308" [AY323524] 98
ChDC B703  Atopobium parvuiwn ATCC 337937 [X67150] 99
ChDC B704  Prevotella denticola ATCC 35308" [AY323524] 98
. T
ChDC B705 ﬁ/ggfgggggmm nucleatum subsp. nucleaturmn ATCC 25586 98
ChDC B706 Zuwbacterium infirmuwm W 1471 [U13039] NCTC 12940(?) 99
ChDC B707 Streptococcus consteliatus ATCC 27823T [AF104676] 99
Streptococcus intermedius ATCC 273357 [AF104671] 99
ChDC B708  Micromonas micros ATCC 332707 [AY323523] 99
ChDC B709  Clostridiim sporogenes rrn gene ATCC 35847 [X68189] 99
Clostridium botulinum NCTCT7273 type B rrn gene [X68186] 99
ChDC B710  Streptococcus anginosius ATCC 33397 [AF104678] 99

ChDC; Department of Oral Biochemistry, College of Dentistry, Chosun University
(Continued on next page)



Table 3. (Continued in previous page)

Strains Genus or species match [Gene Bank access number] Identity (%)
ChDC B711  Granulicatella adiacens strain 10/833 [AJ312375] 99
ChDC B712  Abiotrophia para-adiacens strain TKT1" [AB022027] 99
Granulicatella adiacens GIFU 12706" (=ATCC 49175") [D50540] 99
ChDC B713  Staphviococcus pasteurt ATCC51129" [AB009944] 99
Staphylococcus warners ATCC 27836 [L37603] 99
ChDC B714  Staphviococcus eprdermidis 149907 [D83363] 99
ChDC B715  Propionibacterium acnes ATCC 69197 [AB042283] 99
ChDC B716  Propionibacterium acnes ATCC 69197 [AB042288] 99
ChDC B717  Streptococcus consteliatus ATCC 27823T [AF104676] 99
Streptococcus intermedius ATCC 273357 [AF104671] 99
ChDC B718  Streptococcus consteliatus ATCC 27823T [AF104676] 99
Streptococcus intermedius ATCC 273357 [AF104671] 99
ChDC B730  Staphviococcus epidermidis ATCC 149907 [D83363] 99
Staphylococcus caprae ATCC 355387 [AB009935] 99
Staphviococcus capitis ATCC 49326" [AB009937] 99
Staphylococcus saccharolvticus ATCC 149537 [137602] 99
ChDC B731  Staphviococcus epidermidis ATCC 149907 [D83363] 99
Staphyiococcus caprae ATCC 355387 [AB009935] 98
Staphyiococcus capitis ATCC 493267 [AB009937] 98
Staphvlococcus saccharolvticus ATCC 14953" [1L37602] 98
ChDC B732  Staphviococcus epidermidis ATCC 149907 [D83363] 99
Staphyviococcus caprae ATCC 355387 [AB009935] 99
Staphyviococcus capitis ATCC 493267 [AB009937] 99
Staphvlococcus saccharolvticus ATCC 14953" [1L37602] 98
ChDC B733  Staphviococcus epidermidis ATCC 14990T [D83363] 99
Staphylococcus caprae A'TCC 355387 [AB009935] 98
Staphylococcus capitis ATCC 49326" [AB009937] 98
Staphylococcus saccharolvticus ATCC 149537 [137602] 98
ChDC B735  Actinomyces naeslindir NCTC 103017 [X81062] 99
Actinomyces viscosus NCTC 109517 [X82453] 99

ChDC; Department of Oral Biochemistry, College of Dentistry, Chosun University
(Continued on next page)



Table 3. (Continued in previous page)

Strains Genus or species match [Gene Bank access number] Identity (%)
ChDC B736  Actinomyces viscosus NCTC 109517 [X82453] 98
Actinomyces naeslundii NCTC 103017 [X81062] 98
ChDC B737  Prevotella nigrescens NCTC 9336" [X73963] 98
ChDC B739  Zactobacillus mucosae CCUG 43179" [AF126738] 99
ChDC B741  Staphyviococcus epidermidis ATCC 149907 [D83363] 99
Staphyiococcus caprae ATCC 355387 [AB009935] 99
Staphviococcus capitis ATCC 49326" [AB009937] 99
Staphvlococcus saccharolvticus ATCC 14953" [1L37602] 99
ChDC B743  Zactobacillus mucosae CCUG 43179" [AF126738] 99
ChDC B744  Dialister invisus E7_25" [AY162469] 99
ChDC B749  Zactobacilius casei subsp. alactosus JCM 1133T[D16548] 99
Lactobacillus casei subsp. tolerans JCM 11717 [D16550] 99
Lactobacillius caser subsp. pseudoplantarum CM 11817 [D16549] 99
Lactobacillus casei subsp. casei JCM 11347 [D16551] 98
Lactobacillus casei subsp. rhamnosus JCM 11367 [D16552] 98
Lactobacillus zeae ATCC 158207 [D86516] 98
ChDC B750  Zactobacillus frumenti TMW 1.6667 [AJ250074] 99
ChDC B751  Zactobacilius vaginalis ATCC 495407 [AF243177] 99
ChDC B752  Lactobacillits pentosus JCM 1558" [D79211] 99
Lactobacillus plantarum JCM 11497 [D79210] 99
Lactobacillus paraplantarium DSM 106677 [AJ306297] 99
ChDC; Department of Oral Biochemistry, College of Dentistry, Chosun University



Table 4. Summary of detection frequency of bacteria from endodontic infection
lesions

Detection frequency

Phylum/ Class

Genus or species Case (total = 27) Strain (total = 101)
n % n %
Actionobacteria
Actinomyces georgiae 1 3.7 1 1.0
Actinomyces israelir 1 3.7 1 1.0
Actinomyces naeslundiy viscosus 7 25.9 10 9.9
Actinomyces odontolvticus 3 11.1 8 7.9
Actinomyces sp. 1 3.7 2 2.0
Atopobium parvuliim 1 3.7 1 1.0
Propronibacterium acnes 2 74 3 3.0
Propronibacterium cyclohexanicum/ freudenreichii 1 3.7 1 1.0
Propronibacterium propionicus/ avidum 1 3.7 3 3.0
Firmicutes/ Bacilli
Abiotrophia para-adiacens 2 74 2 2.0
Bifidobacterium dentium 1 3.7 1 1.0
Granulicatella adiacens 1 3.7 2 2.0
Lactobacillus frimenti 1 3.7 1 1.0
Lactobacillus mucosae 1 3.7 1 1.0
Lactobacillus sp. 2 74 4 4.0
Lactobacillus vaginalls 1 3.7 1 1.0
Staphyvlococcus aureus 1 3.7 2 2.0
Staphylococcus eprdermidis 3 11.1 6 59
Staphylococcus pasteurs warneri 1 3.7 1 1.0
Staphylococcus sp. 2 74 2 2.0
Streptococcus anginosus 5 185 6 59
Streptococcus constellatus/ mtermedius 2 7.4 3 3.0
Streptococcus cristatus 1 3.7 1 1.0
Streptococcus gordonir 1 3.7 1 1.0
Streptococcus sp. (mitis group) 7 25.9 16 15.8
Streptococcus sp. (salivarius group) 1 3.7 3 3.0
Firmicutes/ Clostridia
Clostridium sporogenes/ botulinum 1 3.7 1 1.0
Dialister mvisus 1 3.7 1 1.0
Eubacterium infirmum 1 3.7 1 1.0
Finegoldia magna 1 3.7 1 1.0
Micromonas muicros 1 3.7 1 1.0
Stutleworthia satelles 1 3.7 1 1.0
Proteobacteria
Methyvlobacterium fiujisawaernse 1 3.7 1 1.0
Pseudomonas aeruginosa 1 3.7 2 2.0
Fusobacteria
Fusobacterium nucleatum 1 3.7 1 1.0
Bacteroides
Porphyromonas asaccharolvtica 1 3.7 2 2.0
Prevotella buccae 1 3.7 1 1.0
Prevotella denticola 1 3.7 4 4.0
Prevotella nigrescens 1 3.7 1 1.0
Total - - 101 100.4




Table 5. Minimal inhibitory concentration of several antibiotics for species isolated

from the endodontic infection

Sample’ . MIC (ug/ml)
strains S - ; - -

No. PEN' AMX® AUG’ TET' CIP° ERY® cCLI' cMx*
107  Abiotrophia para-adiacens ChDC B692 0.25 0.25 0.25 8 4 >32 >32 0.25
81 Actinomyces georgiaae ChDC B633 ND’ - ND ND ND ND ND ND
81 Actinomyces rsraelir ChDC B632 ND - ND ND ND ND ND ND
104 ietmomyees naeslundii/viscosus— ChDC g 195 095 095 0125 4 0125 0125 0.25
g5 fctmomyces naestundii/viscosus - ChDC 195 5 o5 0125 4 0125 0125 025
38 g]gjgy()myces naeslundiy viscosus ChDC 0125 05 025 0125 9 05 0125 095
gy dctmomyces naestundiiviscosus ChDC (o5 o5 o5 05 8 0125 0125 025
89 glgigmmyces naeslundiviscosus ChDC 0.25 05 0.95 05 ] 0195 05 0.5
104 ietmomyees naestundri/viscosus - ChDC (o5 o5 o5 0125 4 0125 0125 025
107 ggégzomyces naeslundiy viscosus ChDC 05 1 0.95 1 ] 0125 0125 025
107 g]gg?()myces naeslundiy viscosus ChDC 0.95 05 0.95 4 4 39 >392 0.95
120  esmomyces naestundiij/viscosus - ChDC g 195 95 o5 | 8 0125 05 025
120 {ictinomyces  naeslundijviscosus ChDC - go5 055 025 0125 4 0125 025 025
90 Actinomyces odontolvticus ChDC B646 0.5 2 0.5 4 16 0.125 0.125 0.25
104 Actinomyces odontolvticus ChDC B651 0.125 0.5 0.25  0.125 8 0.125 0.125 0.25
106  Actinomyces odontolvticius ChDC B658 0.125 2 0.5 0.125 8 0.125 0.125 0.25
106  Actinomyces odontolvticus ChDC B659 0.125 1 0.25  0.125 4 0.125 0.125 0.25
106  Actinomyces odontolvticius ChDC B660 0.125  0.25 4 0.125 8 0.125 0.125 0.25
106  Actinomyces odontolvticus ChDC B661 0.125 1 0.25  0.125 8 0.125 0.125 0.25
106  Actinomyces odontolvticius ChDC B662 0.125 1 0.25 0.125 4 0.125 0.125 0.25
106  Actinomyces odontolvticus ChDC B663 0.125 1 0.25  0.125 4 0.125 0.125 0.25
81 Actinomyces sp. ChDC B631 0.125 1 0.5 0.25 2 1 0.125 1

81 Actinomyces sp. ChDC B634 ND - ND ND ND ND ND ND
115 Aropobium parvulum ChDC B703 >32 2 32 0.125 1 2 0.125 4

1, Penicillin G; 2, Amoxicillin; 3, Augmentin; 4, Tetracycline; 5, Ciprofloxacin; 6, Erythromycin; 7,
Clindamycin; 8, Cefuroxime axetil; 9, Not determined.

(Continued on next page)



Table 5. (Continued in previous page)

Sample’ ) MIC (ug/ml)
No. strains PEN' AMX® AUG' TET' CIP°  ERY' CLI CMX®
97 Céﬁagér/%ﬁ%g sporogenes/  botulinum 1 3 9 0125 0.5 05 3 3
120 Dialister invisus ChDC B744 ND’ - ND ND ND ND ND ND
115 EZubacteriuwm infirmwn ChDC B706 >32 64 64 32 0.5 32 8 64
105 Finegoldia magna ChDC B654 32 64 64 32 0.5 32 16 64
115 Fusobacterium nucleaturn ChDC B705 0125 025 2 0.125 1 8 0.125 2
107 Granulicatella adiacens ChDC B711 0.125 025 025 0.125 4 0.125 0.125  0.25
107 Granulicatella adiacens ChDC B712 0.125 2 0.5 32 4 0.125 0.125 0.5
123 Zactobacillus frument; ChDC B750 ND - ND ND ND ND ND ND
120 Zactobacillus mucosae ChDC B743 0.125 025 4 0.25 16 2 0.125 16
103 Zactobaci/lus sp. ChDC B682 >32 64 16 >32 0.25 0.25 >64
103 Zactobacillus sp. ChDC B683 2 8 2 0.25 8 0.125 0.25 4
123 Zactobacillus sp. ChDC B749 1 8 2 .25 4 0.125 0.125 4
123 ZLactobaci/lus sp. ChDC B752 >32 32 8 32 0.125 0.125 > 64
123 ZLactobacillus vaginalis ChDC B751 ND - ND ND ND ND ND ND
g1 Alethvlvbacterium - fyisawaense  ChDC o195 025 025 0125 8 0125 0125 025
100 Micromonas micros ChDC B708 ND - ND ND ND ND ND ND
105 IBDgSréJ/y/r{)manas asaccharolvtica  ChDC 32 64 64 39 1 39 39 64
105 Bngé)ﬁyromOﬂas asaccharolvtica  ChDC 39 64 64 39 1 32 >39 64
115 Prevotella buccae ChDC B697 0.125 025 1 0.125 0.5 0.125 0.125  0.25
115 Prevotella denticola ChDC B696 32 8 16 0.125 1 2 0.125 16
115 Prevotella denticola ChDC B698 >32 4 8 0.125 1 2 0.125 8
115 Prevotella denticola ChDC B702 >32 2 32 0.125 1 0.5 0.125 4
115 Prevotella denticola ChDC B704 >32 2 16 0.125 1 2 0.125 4
120 Prevotella nigrescens ChDC B737 32 8 32 0.5 025 0125 0.125 16

1, Penicillin G; 2, Amoxicillin; 3, Augmentin; 4, Tetracycline; 5, Ciprofloxacin; 6, Erythromycin; 7, Clindamycin; 8, Cefuroxime

axetil; 9, Not determined.
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(Continued on next page)



Table 5. (Continued in previous page)

Sample’ . MIC (ug/ml)
strains > ; ; - -
No. PEN' AMX® AUG® TET' CIP° ERY' CLI' Cmx°
114 Propronibacterium acnes ChDC B715 0.125 0.5 025 025 4 0.125 0.125 0.25
114 Propionibacterium acnes ChDC B716 0.125 025 0.25 1 2 0.125 0.125 0.25
104 Propronibacterium cyvclohexanicum,” ND? B ND ND ND ND ND ND

Jreudenrewciunr ChDC B647

W05 Lropronibacterium propionicus” auidum 195 095 095 0125 025 0125 0125 0.25

ChDC B655
105 Propz'ombfcher/kzm propionicus/” avidum 0125 05 025 0195 9 0125 0125 095
ChDC B652
105 Lroplonibacterium proplonicus” avidim o195 035 1 0125 025 0125 0125 025
82  Pseudomonas aeruginosa ChDC B636 >32 >64 >64 32 1 >32 >32 >64
82 Pseudomonas aeruginosea ChDC B637 >32 >64 >64 16 0.125  >32 >32 >64
115 Shuttleworthua satelles ChDC B700 ND - ND ND ND ND ND ND
86 Staphviococcus aureus ChDC B664 >32 >64 >64  0.125 1 >32  0.125 1
86 Staphviococcus aureus ChDC B665 >32 >64 >64  0.125 1 >32 0.25 1
114 Staprviococcus epidermidis ChDC B714 >32 >64 >64 0.25 1 1 0.25 0.5
180  StapZviococcus epidermidis ChDC B730 >32 >64 >64 32 2 0.5 0.5 2
180  Stapl/vliococcus epidermidis ChDC B731 >32 >64 >64 1 2 1 0.5 1
180  Staprvilococcus epidermidis ChDC B732 >32 >64 >64 1 1 1 0.25 1
180  Staprviococcus epidermidis ChDC B733 >32 >64 >64 1 2 1 0.25 2
120 Staphylococcus epidermidis ChDC B741 >32 >64 64 0125 05 05 0125 05
114 gz;al/éﬁylococcus pasteury” warner; ChDC 0195 1 05 0.95 1 1 0125 1
88 Staphviococcus sp. ChDC B641 >32 >64 >64 > 32 1 0.5 0.25 0.25
89 Staphylococcus sp. ChDC B643 0.125 05 0.25 8 1 1 0.125 0.5
85 Streptococcus anginosus ChDC B640 0.125 025 025 0.125 2 0125 0.125 0.25
107  Streptococcus anginosus ChDC B684 0.125 0.25 0.25 16 4 0.125 0.125 0.25
112 Streptococcus anginosius ChDC B688 0125 05 0.25 4 2 0125 0.125 0.25
115 Streptococcus anginosus ChDC B695 0.125 0.25 0.25 0.125 2 0.125 0.125 0.25

1, Penicillin G; 2, Amoxicillin; 3, Augmentin; 4, Tetracycline; 5, Ciprofloxacin; 6, Erythromycin; 7, Clindamycin; 8, Cefuroxime

axetil; 9, Not determined.

(Continued on next page)



Table 5. (Continued in previous page)

Sample’ . MIC (ug/ml)
strains > ; ; - -
No. PEN' AMX® AUG® TET' CIP° ERY' CLI' Cmx°
107  Streptococcus anginosus ChDC B710 0.125 0.25 4 32 2 0.25 0.25 0.5
W00 Slreplococcus consiellatus” intermedius o195 1 25 0125 2 0125 0125 025
Streptococcus constellatus/ intermedius o
117 ChDC B718 0.125 0.25 2 8 1 0.125 0.125 0.25
Streptococcus constellatus’” = -
117 ntermedinsChDC. B717 0.125 1 0.5 8 1 0.125 0.125 0.25
107  Streptococcus cristatus ChDC B687 0.25 2 05 0.125 4 0.125 0.125 0.25
99 Streptococcus gordonir ChDC B679 0.125 0.25 0.25 8 16 >32 >32 0.25
104 Slreplococcus sp. ChDC B648 025 1 025 4 4 2 0125 025
(mitis group)
g  olreplococcus sp. ChDC B666 0125 025 025 8 8 2 0125 025

(mitis group)

93/94 Streptococcus sp. ChDC B669

i >32 >64 >64 >32 2 >32 0.25 0.5
(mitis group)

93/94 ireptococcus sp. ChDC B670 0125 2 05 0125 4 0125 0125 025
(mitis group)
93/94 Streptococcus sp. ChDC B671 05 9 05 g ] 0125 0125 0.25

(mitis group)

95 Streptococcus sp. ChDC B674
* (mitis group)

95 Streptococcus sp. ChDC B676

0.125 025 025 0.125 4 0.125 0.125 0.25

e 0.125 05 0.25 8 8 2 0.125  0.25
(mitis group)
g5 Streptococcus sp. ChDC B677 0125 025 025 1 8 0125 0125 025
(mitis group)
g9 wireptococcus sp. ChDC B678 025 8 1 02 16 0125 0125 1
(mitis group)
102 Streptococcus sp. ChDC B680 1 9 05 4 8 4 32 0.25

(mitis group)

Streptococcus sp. ChDC B681
102 i

(mitis group)
107 S[/'"e'/)‘[acafa/s sp. ChDC B685 05 4 1 0.125 4 0125 0.125 9

(mitis group)

Streptococcus sp. ChDC B686
107 e

(mitis group)
107 Streptococcus sp. ChDC B689

(mitis group)

Streptococcus sp. ChDC B691
107 e

(mitis group)

Streptococcus sp. ChDC B693
107 “
(mitis group)

0.5 2 05 0.125 8 0.125 0.125 0.25

0.125 025 0.25 4 8 0.125 0.125 0.25
0.125 025 0.25 0.5 4 0125 0125 0.25
0.25 0.5 025 0.25 8 0125 0125 05
0125 05 0.25 8 8 8 16 0.5

93/94 Streptococcus sp. ChDC B668 (salivarius 0.95 1 095 0125 9 0125 0125 095

group)
93/94 g';‘gippz)‘ococcus sp. ChDC B672 (salivarius 05 9 1 0125 4 0125 0125 095
93/95 g'fgflppz)‘acafazs sp. ChDC B673 (salivarius 05 4 1 0.95 ] 095 0125 025

1, Penicillin G; 2, Amoxicillin; 3, Augmentin; 4, Tetracycline; 5, Ciprofloxacin; 6, Erythromycin; 7, Clindamycin; 8, Cefuroxime

axetil.
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