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Enterotoxigenic Bacteroides fragilis (ETBF) produces enterotoxins known to be a virulence factor.
Three isotypes of the B. fragilis toxin (BFT) gene have been identified: b/ 7, bft-2, and bft-3. We
investigated the presence of b/t isotypes in clinical B. fragilis isolates and the antimicrobial
resistance of BFT-negative and BFT-positive isolates. Overall, 537 B. fragilis isolates were
collected from extraintestinal specimens over 8 years (2006 ~2013) from a university hospital in
Korea. Samples were analyzed by multiplex PCR to identify the 6/ gene isotypes. Additionally, the
antimicrobial susceptibility of 107 B. fragilis isolates (74 BFT-negative and 33 BFT-positive) was
examined by the CLSI agar dilution method. PCR revealed a total 6/ gene detection rate of 30%,
while 33% and 29% of blood and other extraintestinal isolates contained the gene, respectively.
Among ETBF isolates, the most common isotype was b/ 7 gene, followed by b/t-2and bft-3(bft-1
77%, bft-214%, bft-39%). Resistance rates (%) for BFT-negative and positive isolates differed in
response to various antimicrobial agents, with 3%, 5%, 1% and 38% of BFT-negative isolates and
3%, 6%, 3% an 42% of BFT-positive isolates being resistant to piperacillin-tazobactam, cefoxitin,
imipenem, and clindamycin, respectively. Interestingly, neither BFT-negative nor positive isolates
showed antimicrobial resistance to chloramphenicol and metronidazole. Overall, the proportion of
ETBF from blood was similar to that of other extraintestinal sites and the bft-7 gene was the
predominant isotype. Higher antimicrobial resistance rates were found in BFT-positive isolates
than BFT-negative isolates, but these differences were not statistically significant.
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Bacteroides w42 F4kAad 1954 ”“’41% =4 -’F*
=2 Wofiokal, @5l WAde] slom
PBacteroides #401= 20% olAke] #E0] 9lal, o] S|4 B
fragilis, B. thetaiotaomicron 3 B. ovatus= ArgolA F& 7449
& AoH1,2]. B. fragilis 5ol= A=A (Bacteroides fragilis
enterotoxin, BFT)& A/d3k= AleH(enterotoxigenic Bacteroides
fragilis, ETBR)O] =], o152 Myers (3]0l osto] HApdet
2ol Wol A A5 =ik ETBF= d54 thddehin-
flammatory bowel disease, IBD) $H&}Q] Hof| A AAFel R et A2
W7t 30 [4], 8ok Shate] Woflile o 2 NIE R Z ol B

& ‘”EHS] E3FWu 516]2 5= Bl A ETBE7} th

A AFOl AGEE A et o g e 4§l

/35 AATREHE QI

JHA] BFTA= bft- 19} bfi- 29] 5 7§ 2] -7 oF g o]

hung ‘5{7]0] G HufjeFelA] 2]t ETBF°1W A

A2} °P°§ (Korean BFT, bfi-k)1& A& Ea1gt o] % Kato
52} Hof A B8] 3t ETBFol| A 543t -4} 0}053
bft-30 = T8 8I3ITh. BFT 5-314F oFg Foll Al bfi- 127119
Ao A B8 ETBF 5 65%= 7 SoFGaL, bf- 2= Aof
O WHoll A pfi- 1 RkE &5k o] okl defzl vt QIThol. bf-3
2 2] JAFAAo A Bl H ETBF 5 32%2 XHA3k= Aoz &
24 QITH7]. BFT ] o} g2 HAAH o = K=ol QAT b3
oFg2 71X 1L = ETBF= 55 3t Gt Bl B Eng Shajof| 4] B
a7 FeH101.

2 Aol Sl tiEh ] A Al EelE B
fragilis w55 A0 2 multiplex PCRH-Z ©]-831o] YA A4
of| W2 pft AR A, o 2] EAELFBFT A4 -0l w2 gkt
Al W3] Aol otk 1A} skt

e

o2

A o ki
15

_Hl

i I—]I

[le}
AT
o

(8]

o{ﬂ

fu
]

o

-

oZi HI
o

Lr&.&m&er

’

ME Yl
1. oy @5

200601 ~2013 9l <] 3t ciehi ol $hake] oAk A &,
Gl AN gl 5 ARl A £215 B, fragiliss O = st
At 542 A5 9HE v5s)| ATB 32A 7] E(bioMérieux,
Marcy T'Etoile, France), ANC 7}=(bioMérieux, Hazelwood,
MO, USA), VITEK II A1 AE5747]7](bioMérieux, Hazelwood,
MO, USA) B+= VITEK MS 2514855787171 (bioMérieux) &
ol-g-3t3ict.
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2. Multiplex PCR2 0|23t vt R

-70°Coll s B2 B fragilis 455 S edo] FARA A
el eFstol o He-2 Aot J= 2~370E5 S5 100 pLell
Yo 2 3gste] 1087 #91 ¥, 13,000 rpm 587 AAE2] s}
o] DNAE %319t} Multiplex PCR2 Avila-Campos ${11]
o] 119Kt primers AMFSIATE. Common forward primer
sequence+ 5-GAA CCT AAA ACG GTA TAT GT-3"), reverse
primers= Af#-1: 5" -ATT GAA CCA GGA CAT CCC T-3’, bft-2.
5'-CGC TCG GGC AAC TAT-3', bfi-3: 5°-CGT GTT CCA TAA
CCC CA-3’o]%itt. PCR  HHe-H2 PreMix-Top (Bioneer,
Daejun, Korea)oll DNA 3% 1 L, 22r9] primer 1 uL (20
pmol) &, T7F4 15 ulE dof A2k} Multiplex PCR

94°CollA] 54 HHg- 3= 94°CollA] 54, 52°CollA] 30%, 72°CelA]
302 §t 8 S 303] WHE, 72°CollA] 57t 28 k-2 AlgS)

Art. FZ% PCR AH= 10 pLofl loading dye 7 uL& 3}
- ethidium bromide & 3343t 1% agarose geloll A 204-7F A
7195319 hft-1(310 bp), bf-2(170 bp), 3 bfr-3(400 bp) ¥H
EE 2l slSihEFig. 1).

MR Ord =

Wy ooy

F

3. g m g Al

o
0

0

B. fragilis®) A 1/d-2 CLSI 3314 5[12,13] 0.2 A]
o1t BiAl= 5 pg/mL hemin, 1 pg/mL vitamin Ky 5%
laked sheep bloodS %7}t Brucella agar (Becton Dickinson,
Cockeysville, MD, USAE ARSI, AlY A=

piperacillin %! tazobactam (Yuhan, Seoul, Korea), cefoxitin

G e e g 10

bp
400
310
175  w—

Fig. 1. Multiplex PCR of three isotypes of b/t gene in the clinical
isolates. Lane 1, 100 bp DNA ladder; 2, bft-1 from B. fragilis VPI
13784; 3, bft-2 from B. fragilis 86-5443-2-2; 4, bft-3 from B.
fragils Korea 570; 5, NTBF from B. fragitis ATCC 25285; 6-10, bft-1
from clinical isolates.
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(Merk Sharp & Dohme, West Point, PA, USA), cefotetan
(Daiichi Pharmaceutical, Tokyo, Japan), clindamycin (Korea
Upjohn, Seoul, Korea), imipenem 3! metronidazole (Choongwae,
Seoul, Korea), chloramphenicol (Chongkundang, Seoul,
Korea), meropenem (Sumitomo, Tokyo, Japan), moxifloxacin
(Bayer Korea, seoul, Korea), Z12]il tigecycline (Wyeth
Research, Pearl River, NY, USA)& ARE-3}ic). Piperacil-
lin-tazobactam /3 piperacillin Z+29] -s-%=of tazobactam
4 ng/mlE 55t Ad7Iskeiet. EAgdol Aljulold + 5
thioglycollate brothe]l &} McFarland 0.53% Ezof U &
steers replicator (Craft Machine Inc., Woodline, PA, USA)E A}
88}0] 10° CFU7} &%= vl %] o]l %3t 2 anaerobic chamber
(Forma Scientific, Marietta, OH, USA)]l o 36°CollA] 48417k
vkt =2 E $IolA B fiagilis ATCC 252858} B.
thetaiotaomicron ATCC 297415 FAloll A& oF3t). 2494
Fhe A4S AR AY W s ® Askla, o] 79 A

A3t

4 Aot Seto e g Kol Fae
rd Za

1= 0n

1
R

N
o,
Mo

Tigecyclineof| thet A3} =2 w|=- FDA #7471,

<4, WAL =16 ng/mLE 24513t}

Z

1. ETBFS| bft RTIX} OFHE2| 22

B. fragilis 5377 % 1622(30%)1 A bt 4737 oF g So] A2
E[QIL, o] F G N ufjF Fe] ol A= 485:(33%), 19| A+e] AA]
Bl A= 11452029%)7F AE=h. bl 744 ol 2] £
M= bft-10] 1255(77%)= 7V WAL, bfi-27F 235:(14%),
bft- 37} 143:(9%) <=0 AtH(Table 1). 4% BFT 942 20094
o] 22%= 7P kAL, 20121 0] 35%= 71 =9kt 20061
E] 20131 Afo] BFT oF¥& hf- 19] 70~87%2 7P EWkL,
bft-2= 3~32%, bfi-32 4~13%0].2.1, bft- 2= 20070,
bft-38 20099 AZ==A] ¢kt BFT oF852] 3+ 20074
3} 20099 A£Jet 2006-2011¢0= pft-1 2O & pfi-2,
bft-3%0191 .0, 2013 0ll= pfi- 3, bfi-24=0 2 BE7Ful Q)
o}, A% BFT /&3 2007493 20099 AlQlet bt oF &

of Bl BATHOT HOI Kol Gtk Table 2).

2. ETBFQ| SHA| LA
B. fragilis®] =t W3 /-2 Table 39 Ztch. 5, A1Y &
A TR BFT 54 U 4 w59 482 piperacillin] 2t

Table 1. Distribution of the b6/ isotypes in B. fragilis isolated from clinical specimens

No. (%) of bft isotypes:

Specimens No. of isolates tested No. (%) positive
bft=1 bft=-2 bft-3
Blood 144 48 (33) 34 (71) 6 (13) 8 (17)
Other extraintestinal site
Wound 213 60 (28) 46 (77) 10 (17) 4 (7)
Peritoneal fluid 159 48 (30) 39 (81) 7 (15) 2 (4)
Tissue 8 1(13) 1 (100) 0 0
Bile 6 1017) 1 (100) 0 0
Pleural fluid 7 4 (57) 4 (100) 0 0
Subtotal 393 114 (29) 91 (80) 17 (15) 6 (5)
Total 537 162 (30) 125 (77) 23 (14) 14 (9)
Table 2. Detection of b# isotypes in extraintestinal isolates of B. fragilis during 2006~2013
No. (%) of bft isotypes:
Year No. of tested No. (%) of BFT-positive
bft-1 bit=-2 bft-3
2006 43 11 (26) 8 (73) 2 (18) 109
2007 51 15 (29) 13 (87) 0 2 (13)
2008 73 25 (34) 14 (56) 8 (32) 3(12)
2009 51 11 (22) 8 (73) 3(27) 0
2010 68 23 (34) 19 (83) 3(13) 1 (4)
2011 82 23 (28) 16 (70) 5 (22) 2(8)
2012 77 27 (35) 23 (86) 2.(7) 2(7)
2013 92 28 (30) 24 (86) 13 3011
Total 537 162 (30) 126 (77) 23 (14) 14 (9)
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Table 3. Antimicrobial resistance of BFT-negative and BFT-positive B. fragilis isolated from 2009 to 2012

Breakpoints

BFT-negative isolates

BFT-positive isolates

(ng/mL) (n=74) (n=33)
Antimicrobial agent MIC (ug/mL) MIC (ug/mL)
S R %R %R
Range 50% 90% Range 50% 90%

Piperacillin <32 =128 2~>256 >256 24 4~>256 16 >256 33
Piperacillin-tazobactam <32 =128 0.12~>128 0.5 4 3 <0.06~>128 0.5 2 3
Cefoxitin <16 =64 4~128 32 5 4~64 8 16 6
Cefotetan <16 =64 4~>128 32 10 2~256 8 64 15
Imipenem <4 =16 0.06~>128 0.12 2 1 0.06~32 0.25 1 3
Meropenem <4 =16 0.12~>128 0.125 8 8 0.12~256 0.5 2 3
Clindamycin <2 =8 <0.06~>128 256 38 0.5~256 2 256 42
Moxifloxacin <2 =8 0.25~32 0.5 16 14 0.25~16 0.5 2 6
Chloramphenicol =<8 =32 4~8 8 0 4~8 4 8 0
Metronidazole <8 =32 1~4 4 0 0.5~4 2 4 0
Tigecycline <4 =16 0.5~32 16 18 0.5~32 0.5 16 21

Abbreviation: MIC, minimum inhibitory concentration; S, susceptible; R, resistant; %R, % resistant.
*No CLSI or EUCAST breakpoints available; FDA breakpoints were used.

7 24% 3 33%, piperacﬂlin—tazobactam A2 -4 Y
AN A 2 3% WA FAS BRI, cefoxitine 5% 9 6%,
cefotetan2 10% 3 15%, imipenem< 1% % 3%, clindamycin
2 38% 9 42%, 1231 tigecycline= 18% 9 21%% BFT /3 +t
Fo] Ulid&o] ke Whel meropenem-> /3 B /oA 2t
7} 8% 3 3%, moxifloxacin 14% 3! 6%= BFT &4 752 WA
£-0] =8k}, 3HA chloramphenicol ¥ metronidazole gtAo
WAe Hole= ot flslth

[
gk

B. fragilih AR AEAL FEFY B F8 AR L
#17] glolA 8% BAte] WololA] ETBFe) et 33 Han
5 7 8o ez

= {eH14,15]. &, Kato & [14]-> ETBF2] 2]
A 28.1%011.o, z]ﬂm% A Ee] ol A= 13.7%01 3k
ETBFS] Ba]7} gof Ha]Z oA
=23.4% 0|1, A9 A= 15.3%% EASFH 07 49|
3 Kol /1 glgiek i KLarstgiet. & Ao A Bl Bl
ETBF A&-&0] 49| AA He|FHo} =9Aut EA6t4 ofnji=
11Tk BFTO] 4414} o8- hfi- 1, bft- 29 bfi-37} itk o] %
bit- 1 /& Ao A 221 ETBFel|A 71 &3t o 0.2 o2
vretoll Al B 21eH9, 11,161, 5, Bl71oll A= 91% (49/5DE 7}
A9k, I TR0 & o A= 68%, o] g eotel = 66% ©]
ot} B AR AE pfi- 10] T7%E El7| 1= Xfo] 7} Q1A uk ot
2 yele} st 1, 7P SAjet ol o T A} X3}
AL}, pfi- 3= 3 SO A] XS HelE| Q)T TR 3095 =

3 21593t} Sears S11012

AH7]. SHH LR A= 12%(8], FIEFolA = 14%[17]0]31ct.
SUEA% Kato S8l bfi-37t A2 WA Ee]H ETBFY

2.5%= A8t o B arskgiet, whHo| ulsroll A= 7%[ 11101 %
a1, o E]otof A= 3%[9] & w9 Wkt whkA] b= 3 2|94
O F Faopaloto A o] oA Eel= it 2 Aol Al bf-39]
FEE2 %= Y&, W EY, ghatol| 42 o] Atol] vl Al Wk
1 v} ojgejoto]] HIShAl= o =T

Chung 5-1712] E.are] oJshH 1995 A€ 1997 Atolof
ok s o] AAF A A EelH B fiagilis % ETBF= 34% ©]
AL, bt 12 41%, bfi- 2= 27%, bii-3& 32%° 1tk - AAto]]
A= 20061858 2013'A Afolell 2] B, fiagilis ETBF Bl&
2-30% (22~35%) O AL, b= 18 77% (70~87%), brt- 2= 14%
(3 ~32%), bit-32 9% (4~13%)= Aol wheh g5}, ETBF &2

-2 1995-1997W 3} v 2SRRI, bf- 12 A 57 kAL, vF

Uﬂoﬂ bft- 22} bft- 3= v §- A5k 3iet. E3] bit- 5~90Lﬂﬂ1°ﬂt
bft-2 80} G who] HEE A Ao A= 7P AA A
= o)A pftF- A} o} 5] FE= Chung 52 a1} 2po] }01
Ik BFT ol 59 2= A& Al7]o] thE Afol= B vprt
glofA] 29 A Froleb G| oS4 d7h d K sjrtal Alm itk

AT HANA EelE B fragilisell TNt d=tA] 4d ol gt
A= ol g Yol A Bt = AI9H18-21], ETBFS] g<tA 7
Aol Tt At - Ar}22,23]. o]5 Ae AL Agke 77l
bl A Eelsl ETBEZF thdel =t WaetdAlolAl=(22]
clindamycin ¥ metronidazoleol] thato] 10%, 7%~} W41l E‘}
of QoA =123] 48%, 41%7F /3 0. & A 2] 1 Xfo] 7} v
A Vrebdel, & kel A ETBFE] clindamycin]l that ‘H"é%ﬁ
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42%5 QT IS AT, B2 et Al B ok ul-$- w=9k=t]] o]
+ clindamycin WA FARA Al B8 A S of mHata] Zfo 7}
AtH= Boyanova 52419 B 119F AX|s}ct.

Metronidazole E+=
SIS Bacteroides spp.©ll 23t G X2 E HI$H HA gHtA o]
31, doripenem, ertapenem, imipenem, meropenem} amo-
xicillin-clavulanate= $7F2 A= GafAlooH25]. 2 A+
oA BFT 24 W ¥A9l B fragilis= metronidazole¥} chlo-
ramphenicole] thele] BF 744 olgly, WA Al S
imipeneme®]l ti3t U488 BFT 94 #5271 &4 5K tha
AT meropenem-= BRI 2 BFT 24 w5271 A w=5.ot

=24t} Piperacillin, cefoxitin, tigecyclineol] gt A& oF
A -?F—r7} S w3 v]3f] = FAI moxifloxacine]] diet U4
& W8It BFT A4 ol wheh A d =2 gste

piperacillin-tazobactam- 5. fragilis<

EAGA R o3t Xpo|= glolrk. thuk, BFT 24 9 94 B
fragilis®] BatAl 3H4/d & Bl nLek Bl vl EETHs oA 9

o2 Sk

2 AFoAe = ey el A Aol EedE B
fragiliso| A BFT A8 % bt 5737} of g 59| BES 2AISH
I, BFT 4 3 oFA o+322] ShtAl A RS HESHIT £
9 5= 5 ETBF=30% ©| 1L, ©l% bft- 10] 71 ok o, BFT
FA 9] atAl WAdEol thah =71 SFAANE BAsHH o'

S.0J3F Koz QIoT}. T oA} AAlA] HalH B ﬁezgz‘ljsgl
BFT A& ]bﬁ%ﬂl}o]—‘%qll 1 sl AL B
3} BFTE] QRS ekt -8 AR S A5 mamq@c}.

o
=

fFo

Enterotoxigenic Bacteroides fragilis (ETBF)= BS54 QAR
AR A=AE A= dFolth. B fragilis enterotoxin
(BFT)E bfi- 1, bift-29 bfi-3 A4 7§ 2] 1744k oF o] Bl At
2 AtolAl= A AANA E2E B fragilisol A bt A4
FFRFBFT 273 3 /g w0l FatAl W& 2ARRIE. =]
o] gt s Yol A 8 7H2006~20131) -] Aol A He]H
B. fragilis= ¥ 5375010t sS4 AR = Al dsto] b
A} of & ISkt BFT 24 7459 4 3355 23t
B. fragilis 10772) tA| 442 CLSI $HA 8| 0 & A3 s)
ek AT ARl A B2l E B fragilis®] bit7AAF AEE-S30%
oL, o] T M} Gl o] o] HA el Foll A= 2 33%,
29% o1 %Atk ETBF ol A 71 &3t ob g & bf- 1 013, T ok
2 bift-2, bfi-3 <O\ QKDL I: T7%, bfi-2: 14%, bit-3: 9%).
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BFT-3/33 ¢4 o9 WE 45 Aol disiA o]zt
A HBFT-4 o= p1perac1lhn tazobactam 3%, cefoxitin
BFT-9H4 %
piperacillin-tazobactam 3%, cefoxitin 6%, imipenem 3%,
clindamycin 42%). BFT-54 % BFT-¥4 E'_—‘T——L—
chloramphenicol¥} metronidazole®] gt A2 §191ct. 2
o7 Yol Ba)Fo] Ao ETBF A& 8 ¢ 4¢] 44 TFA
Frol| Aot Hls=sllar, 7H a8t HAAL o2 bfi- 10131t St
Al W3S BFT &8 #5724 ot ot thA| = =8k o v S AISt
A0 7 Fofet Zol= glsith

5%, imipenem 1%, clindamycin 38%;
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