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Implementation of Multiplex PCR for Species Identification and
Toxin Typing in Toxigenic Clostridium difficile Culture

Yun Ha Jang, Jaewoo Chung, Seungmi Baek, Sookja Park, Heungsup Sung, Mi-Na Kim

Department of Laboratory Medicine, University of Ulsan College of Medicine and Asan Medical Center, Seoul, Korea

Background: We evaluated multiplex PCR for species
identification and toxin typing to improve the sensi-
tivity and turnaround time of toxigenic Clostridium dif-
ficile culture (TCDC).

Methods: We performed multiplex PCR using primers
targeting the species-specific gene, fpi, and the toxin
genes, tcdA and tcdB. From January to March 2008,
528 stool specimens were tested with direct toxin as-
say (DT) using C. difficile Tox A/B Il (Techlab, Bla-
cksburg, USA) and TCDC. For 288 specimens from
early study period, toxin production by C. difficile iso-
lates of TCDC was measured by enzyme immuno-
assay with culture supernatants using VIDAS C. diffi-
cile Toxin A&B (CDAB; bioMérieux, Marcy-I'Etoile,
France) and multiplex PCR with isolated colonies.
For 240 specimens from late period, only multiplex
PCR was used to test toxin production by the
isolates.
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Results: During the early period, 29 C. difficile were
isolated and their toxin-positive rates were 65.5% by
PCR and 44.8% by CDAB (P<0.05). Among 528
stool specimens, the results of DT+ TCDC+, DT+/
TCDC-, and DT-/TCDC+ were 32 (6.1%), 33 (6.3%),
and 10 (1.9%), respectively, when tested with PCR.
13.3% of total 75 positive specimens was detected
only by TCDC. Of the 42 toxigenic C. difficile iso-
lates, all were positive for tpi, 30 (71.4%) were
fcdA+/tcdB+, and 12 (28.6%) were tcdA-/tcdB+.
Conclusion: TCDC using multiplex PCR for species
identification and toxin typing is sensitive and rapid
to be used as a routine diagnostic test. (Korean J
Clin Microbiol 2009;12:11-16)
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20081 1Y 149 HE] 398 8U7FA] Al Sl oA C. dif-
ficile ARSE7A 1) sl FAATE 34 <25 W 73] 52871

= e g sisich

RE A= C difficile Tox A/B 11 (Techlab, Blacksburg,
USAYZ ol §elo] ol on AHELAAS Sgich

3. 54 MM C difficile 1

e AAe} GEES 1 12 298t X7 Bt dEE
o} A® & Clostridium difficile selective agar (CDSA, BBL,
Cockeysville, USA)oll HZEst5ich. o] &7 714 =764 wl
Sk % CDSA WA0IA ATk kAl Heke Aldsio]
K1532B PROLINE t|&3(
USA)E- ©]-&3}0] proline aminopeptidase (PRO) &4 ZAAE A
289tk PRO tlzol] F55 FAdsiA FAlolH C difficile
2 ol sAsla thaat o] B4 HAAE Alslsich A
HE7] 28871 ZAA ol A] uljoks] He|S+= thioglycollate HA|uiA]ol]
b Srsle] AAEEdE A5 HollA VIDAS C. difficile
Toxin A&B (bioMérieux, Marcy-1’Etoile, France)& o]-8-s}o] &

s W #72 DNAE 53t v PCR 714}
SRS A e AAEe] 7 7 54244

AL 355 vlarstgdel. 3HE7] 2407W Aol A wjok
Bl A e S Y
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710l Haw Ry Wl whe} chggdadcdsinl
2 54 A ARSI 7k Vs P“4 FHELA
HE-Sol] A88t AMEAl= C. difficile 501389 1pi genes =
X2 3k tpi-FOF tpi-R AA| 14, tedA 5o AREA|Z tcdA-F
9} tedA-R<, tedB £°] AAZ tcdB-F&} tedB-RES A-2319)
th PCR HEG 2712 Aol 95°CollA] 3327 wiAds &, 2 A
o] Zwlrt WA THAIZ 95°C, 30, AY wHl= He 1~ 114
o] Z7A= 65°CollA] 30%E A&Fsto] 55°C7HA] & Apo] ol
1°CH Y3o] AP 1 F cycled 55°CEE A3 S
w, Azl AlE 72°Coll A 302 slo] ZH THAIE 40440 F HE
E31ie), mpAlet odAk wh-2 72°Coll A 1027F AA8IAEH9]
ZEES 2% agarose gel (Promega, Madison, WI, USA)Oﬂ
A 719453k 1pi, tedA, tedB B tedA®) 7AAE Aol 4 &
o]& <l 230 bp, 369 bp, 160 bp & 110 bp2] bandZ 213}

th. TCDCeNA F44) #QlE 98t admd s} PCRYUE
v 2s}7] $18F 2977F+= DNA 33 A| GenElute bacterial ge-
nomic DNA kit (Sigma-Aldrich, St. Louis, USA)$} InstaGene

(Bio-Rad, Hercules, USA)ol| Fo]A] v]Esl= W 5 2714 vt
WE FAG Agso] vlelsic)
4 at
1. S4 SESAAMBS A I}
ZAukEol] 29922 C. difficileo] E-ElE]o] AW I} PCR
WS vlazH7bsloict. PCRE 916193 wll 1955(65.5%)011 4]
4 SRR AN, tedA+itedB+ 1257, tedA-ItedB+ T

=, tedA-/tedB- 1073 cE. S A A& 95771 =
F7} equivocalZ FA 7 el] SFARES FEIRA|F|M 31.0%,
equivocal7FA] FEJFAI7|™H 44.8%%F oFAd o2 PCRE &ole
Hr} ok Eo] YItHP<0.05). tedd+/tcdB+0) TF % 557}
kA, 257} equivocal, fcdA-/tcdB+ F 477V A, 2571
equivocal©| 9 2™, tcdA-/tcdB- T+ A AN BF &
4Jo]9icH(Table 1).

BE BeFllA C difficile 501321 230 bp tpi FAA A=
o] kAo g PRO oz FA Azl 100% YXstich
tedA+/tedB+Q] T 379 bpet 160 bpe] AHEE Mol
tedA-ItedB+3) T+ 379 bpﬂ tedA FRAAF A Al tchQ]
A5 AHEel 110 bpe] AHES HQrh(Fig. 1). GenElute™
2 %3 DNAS AH83F PCR AHE<] v3)] vl5oz
Kl DNA-/] PCR /o] #17]d 5747}l A] o3t EE E‘ﬁ-‘i
U 35 Ade BE A4 dX]skaickFig. 1).

AR SAMM C difficile HIF ZAIRZD}

oy, 4

% 657AIZ 12.3%9] FAES
=444 C dﬁ”czle# 42—,—7]— Balglo] 8.0%9] %A
o B3tk PCRYSE S84 C difficiles <113 AA|

Table 1. Concordance between multiplex PCR and enzyme immu-
noassay using VIDAS C. difficile Toxin A&B (CDAB) for toxin
production among 29 C. difficile isolates

No. of isolates with

CDAB toxin profile by multiplex PCR
A+B+ A-B+ A-B- Total
Positive 5 4 0 9
Equivocal 2 2 0 4
Negative 5 1 10 16
Total 12 7 10 29

Abbreviations: A+B+, tcdA+/tcdB+; A-Bt, tcdA-/tcdB+; A-B-,
tedA-/tcdB-.
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Fig. 1. Electrophoresis of the PCR products of nine isolates of C. difficile using DNA templates extracted
with GenElute bacterial genomic DNA kit (Sigma-Aldrich, St. Louis, USA) (A) and boiling method (B)
in parallel. The bands on all lanes of A are consistently denser than those of B except lane 3. Lane
M; 100 bp DNA ladder, Lane 1; negative control, Lane 2 and 3; positive for species specific gene (tpi)
but negative for toxin genes (tcd4 and tcdB), indicating nontoxigenic strains, Lane 4-7; positive for i,
tedA, and fcdB genes, indicating A+B+ toxigenic strains, Land 8-10; positive for i, and zcdB, but
negative (deleted) for fcdA gene, indicating A-B+ toxigenic strains.

Table 2. Concordance between direct toxin assay and toxigenic C.
difficile culture

Number of isolates

Total No growth  A+B+  A-B+ A-B-

DT+TCDC+ 32 - 22 10 -
DT-/TCDC+ 10 - 8 2 -
DT+TCDC- 33 28 - - 5
DT-/TCDC- 453 443 - - 10
Total 528 471 30 12 15

Abbreviations: A+tB+, fcdA+/tcdB+; A-B+, tcdA-/tcdB+, A-B-,
tedA-/tedB-; DT, direct toxin assay; TCDC, toxigenic C. difficile
culture.

5287 7A| 5 DTS} TCDC A Y282 91.9%332, DT+
TCDC+, DT+TCDC-, DT-/TCDC+8] A= 22+ 32 (6.1%),
33 (6.3%), 10 (1.9%)N= shtet= A F 7534 5 107
A|(13.3%)= TCDCHA T AE= Yck(Table 2). FRE7]oll C.
difficile ¥joFoll Al BAmidw o 2 44 SRIAAE A%
28874 % DT+TCDC+, DT+TCDC-, DT-/TCDC+2l 7|7}
ZH2E 11 (3.8%), 26 (9.0%), 2 (0.7%)NE & FAEo] 13.5%)
+dl PCR EIAAE & wlf 22} 15 (5.2%), 22 (7.6%), 4
(1.4%)Z ¥ FAEo| 142%2 Z71sigi). ek FAZAA Z
TCDC7} AZEshe A7t 333%lA] 46.3%E Z7fsla,
TCDCEW 7A%EE ZAAL 5.1%004 9.7%% Z7Fsk

3. C difficile HiY 22|F2| =4 FHXL LAt

C. difficile 22|15 5715 5 0237} 54 A4S sl o5
9l Z&FAANYL  tedd+/itedB+, tedA-ltedB+7} 2 30
(71.4%), 12 (28.6%)F2] EEZ B}l C difficileo] H2l=
AR AHSLEAA AIE tedd+itedB+ FF7} 2l o
73.3% (22/30), tcdA-/tcdB+ 7} £l ol 83.3% (10/12)7}F

g olgict.
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A% C. difficile®] wieF Al PCRYEE ESJsto] 5484 C
difficile ¥\F AL WIAEE ol AL vhe}
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o] oA PCRHE Agdoms 5444 HEEe =
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d g Ak C difficile $-21FS] S AA A AE
VIDAS Toxin A&B ZAAHE tollA A4 S4&AAE 3= 5
Ao 2 MAE QAR AFABA C. difficile W ]l
el S48 HAEsS 7 Aot ek olof w2 23
T tcdA+/tcdB+9) 235+ B5F 54 o2 ZAZT A
ut tcdA-ItedB+Q) 185 5 1550 kA 0 2110] whebA sedd-/
tedB+Q] 5ol tialiAE HErE Hollel 2 ol
tedA-ltcdB+9] FF7} 24%0ll Fslar, Tf] ohZ A= ¥
o] vz} 21.4%][6], 45.7%([7,8]01 = Ea7} 9lolA] C. dif-
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BA7} D 4 Q). spANE, B ATl redd+iedB+ FEI)
ekl AA} redA-itedB+ TF7F wFEl AA|A ZAH o
Woll 2gt E44842 7Ht 83.3% (25/30), 91.7% (11/12)E
tedA-ltedB+oll A BadW o] RIZEEs} v "ol A= ekok
o wehA] aam el e AT ok e 2%le] & Ao
2 389 4o R S44 55 A1 ) Al
FAH A oll= yeast peptone brotholl4] Z]¢ckal Flojgl o}
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A7) wiEell T F5E siAA o] A o] Al
e FAE 7FsA ol ok wEkA A A S ALY

© & wdsle wiAST 2 At 5o 275 F3
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HEch A Eol =3W Azt FABle o] AdFelAE12] C
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=

it
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A1) QP74 CDAD RIgH o2 A 85 -8
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W 1Y 1495E 39 38U HAA C difficile 429k wioFe] 7 SJ=]% 52870 il ZAlell i3l Tox A/B IIE
AR} FEAHDDE TCDC HAAE 37 A8k TCDC Aol Al ZREE 28870 Aol A mied= 2]+ VIDAS
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