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Direct Detection of Clostridium difficile Toxin B Gene by Nested PCR in
Human Stool Specimens

Hee Kyung Park, Young Mi Lee, Hyun Jung Jang, Cheol Min Kim,
Kyungwon Lee, Seok Hoon Jeong, Mooin Park

Institute for Biomedical Research, SJ Hightech Co.; Department of Biochemistry*, Pusan National University College
of Medicine, Busan; Department of Diagnostic Medicine** and Research Institute of Bacterial Resistance***,
Yonsei University College of Medicine, Seoul; Department of Diagnostic Medicine**** and Internal Medicine*****,
Kosin University College of Medicine, Busan, Korea

Background: Clostridium difficile is the major cause of antibiotic-associated diarrhea (AAD) and
pseudomembranous colitis (PMC). The aim of this study was to develop the nested PCR assay for direct
detection of toxigenic C. difficile in stool specimens and to evaluate the usefulness of the method.

Methods: Specificity of newly designed primers are tested with 36 reference strains of intestinal flora.
Lower detection limit of nested PCR for B toxin gene in C. difficile was determined using 10-fold serial
dilutions of C. difficile ATCC 9689. One hundred and two clinical stool samples were cultured for
detection of C. difficile on cycloserine-cefoxitin- fructose agar and the PCR assay for detection of toxin B
gene in C. difficile isolates was performed. Nested PCR assay for direct detection of toxin B gene in
clinical samples was also performed.

Results: Nested PCR assay showed negative amplification results in intestinal floras except C. difficile
ATCC 9689. Lower detection limit of nested PCR for toxin B gene was 10* CFU/mL. Sensitivity of nested
PCR assay compared to culture method was 100% (29/29), and the specificity was 68%o (50/73).

Conclusion: Nested PCR assay showed high sensitivity in direct detection of toxin B gene in C. difficile
isolates even after administration of metronidazole, so the assay could be used in initial diagnosis and
follow-up tests of AAD and PMC.(Korean J Clin Microbiol 2003;6(1):63-68)

Key words : Clostridium difficile, nested PCR, Toxin B
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Table 1. Detection for toxin B gene by nested PCR in
various species

Species Toxin B PCR Result
Clostridium difficile ATCC 9689 +
Aeromonas hydrophilia ATCC 7966
Branhamella catarrhalis ATCC 8193 -
Burkholderia cepacia clinical isolate
Candida glabrata clinical isolate
Candida tropicalis clinical isolate
Citrobacter freundii ATCC 33128
Enterobacter aerogenes ATCC 13048
Enterobacter cloacae ATCC 13037 -
Escherichia coli ATCC 23499
Klebsiella pneumoniae ATCC 15380
Enterococcus facium ATCC 8043
Enterobacter faecalis ATCC 19433
Plesiomonas shigelloides ATCC 14029 -
Proteus vulgaris ATCC 13315 -
Providencia rettgeri ATCC 29914
Proteus mirabilis ATCC 29906
Pseudomonas aeruginosa ATCC 10145
Rhanella aquatilis ATCC 33071
Shewanella putrefaciens clinical isolate -
Shigella sonnei ATCC 25931 -
Streptococcus agalactiae ATCC 13813
Streptococcus oralis ATCC 35037
Streptococcus bovis ATCC 33317
Streptococcus intermedius ATCC 27335
Streptococcus pneumoniae ATCC 33400
Streptococcus equisimilis ATCC 9542 -
Streptococcus mitis clinical isolate
Streptococcus intermidius clinical isolate
Streptococcus. pyogenes ATCC 19615
Staphylococcus aureus ATCC 25923
Staphylococcus haemolyticus clinical isolate
Staphylococcus epidermidis ATCC 12228 -
Salmonella typhi clinical isolate
Salmonella paratyphi A clinical isolate
Vibrio parahemolyticus ATCC 17802
Abbreviations: +, positive result of PCR amplification;
negative result of PCR amplification.
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Fig. 2. Sensitivity of C. difficile PCR assay in detecting

C. difficile PCR assay. M, 100 bp DNA marker (Bio Basic toxigenicC. difficile DNA contained in 1910,1¢,1¢ and

Co., LTD. Seoul, Korea); P, toxin B positive control, refe-

10 CFU/mI. M, 100 bp DNA marker (Bio Basic Co., LTD.

rence strain (ATCC 9689); lanes 1 and 2, toxin B positive s- Seoul, korea); P, toxin B positive control, reference strain

pecimens; lane 3, negative specimen.

A AHgesi.

o
a7

2. C. difficile Hi2F & PCROI 2|& B Sa
X A=
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(ATCC 9689); lane 1, 2, 3 and 4, toxin B positive; lanes 5,
negative.

o, o] & 984 13} PCRE Al A 2= 6880F}
7327R, Z} PCRg A|4HA| 2 & 6880} 7221RS- 11¢H3}
9t} (Table 2).C. difficile B =4 9] ¢17]449 < GenBank
(accession No. X92988) 4] # 5} th. DNASpace version
3.02 (Genetic Systems, Hitachi, JapanYector NTI Suite
(InforMax, Frederick, MD, USA®- A}-&3F multialigment
£ A3tol 7] %3} C. difficile B 54 F2x12] Eo
ARl FEZ AEA R mbetaith sk AlEA <} C.
difficile =24 §HA} 29 7119 3L BLASTZ
E2 319 o} (http://www.ncbi.nim.nih.gov).

4. Nested PCR

PCR¥S &322 DNAS5 4L, 1x =9 (500 mM
KCI, 100 mM HCI; pH 9.0, 1% triton X-100) 24, dNTP
7z} 1004M, 1.5 mM MgCI2, 0.02% BSA, 0.05% Glycerol, 1
U Tag DNA polymerase (Qiagen Inc., CA, USA) 10 pM
AR 2 ZA| 859t 12k PCRE 95T o] A 38-7F & A
2] &, 95T ol A 20%, 57ColA 1%, 72C ol A 304 25
3] REEA17) a1, 72 Col Al 103t 73Skt 13k PCR
A5 53 DNAR AL-§3ko] 23} PCRuLG £ %0
3L 1A s} 2 270 A 308] whg A AT W) 7 UL S
0.5 xg/mL2] ethidium bromide} 3+-/-2 2% agarose gell
271453 F 340 bpe] A2 gHe1 55 v} (Fig. 1).
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Table 2. Sequences of the PCR primers
Target gene Primer Sequence<(3') Position*
Let 6880F 5 . agactggatggatatatga8 10478- 10497
7327R 5 - cactaattgagctgtatcad® 10925- 10944
tcds 6880F 5 - agactggatggatatatga8 10478- 10497
2nd 7221R 5 - aaatctaaccaaccagtatag 10818- 10838

* Hundsberger et al. (GenBank accession number X92982).

Table 3. Results of nested PCR assay for toxin B gerte. difficile and culture

Direct detection for toxin

Culture B gene in stool specimens No. of Cases
Culture Culture based PCR
by nested PCR
+ + 29
- 2
- ND + 23
- ND - 48

* Results for the detection of toxin B gene in C. difficile isolates.
Abbreviations: + , positive result of PCR amplificatiennegative result of PCR amplification; ND, not done.

sttt AAHEFTE AP & v C. difficile FAguES-E B, 508 A= % o] 91T}, CCFAd A C
ATCC 968% 10, 10, 10, 10 ¥ 10 CFU/mLE 3|4 &, difficilec] =251 PCRE B =47} A&4H 2944 =%
Ztzhe] gl e o = nested PCR: Al dte] SEAbE& = nested PCR] o] 3 A3 HEW e FdES 5
913} v} (Fig. 2). R o, CCFAd A C. difficilec] =21 o} B E47}
HEHA &2 274 = nested PCR] 93 A5 HEH

2 1 o Al &/ RE-gS Bl CCFAE o] &3 ulj ol A| C.

difficilec] A =9 #) &< 71744 3 487 A= nested PCR
1. Nested PCRQ| §50|M 3 zNHESE of ot A HEHAME 4RSS A v 234
e FNES Bol A7yt A eHA] &kt (Table 3).
A o] 24T F de 368 FES UL ujebA] o] E[7]2] WA o o 3k nested PCR) C. difficile B
nested PCR- A & 514 difficile ATCC 968%] 4] E2 7AE U2 EE 100% (29/298 0.1, Eo] == 68%
T FH ATE Holu bgE AE #F EFAAE 54 (50/73p ]| AT
S-S Bt} (Table 1). BE4 WA C. difficile ATCC

2

9689;-__,— 10, 10, 10, 10 2 10° CFU/mLZ 3] 4 3}o] nested L~

PCRS A8} 3t A3, 10, 10, 10 2 10° CFU/mLOﬂH‘:— =

EAP%Ol FAE R o 10 CFUMMLA A = SRS A A} E 0] 793k nested PCR- Ao Z4)3tE g2
At (Fig. 2). wh2k4] nested PCR] <] g 421 1E%5 % T E SAHNSS Hol1 B 542 HAste C

_]
_t_ 10° CFU/mLe] Q1 o} difficilec]] M 7 FAINES-& Hlom g Al o] 31¢to]
HAZ Aoz FEt} o] S[7]9) W] g nested

2. Nested PCRQ| C. difficile B S4A H& nizt PCRe] C. d|ff|C|Ie BE4A A% U EE 100% (29/29%
o EQlE 2 AL 1yt 18 nested PCR] B =4 A4 C.
difficile 22734 Z% %7} 10 CFU/mLZ CCFA ujj oF¥ 1}

C. difficile B &4 A Zo] 9J2 € 10274 A AAE 0 ol2Hog FAIFdE EF3la SolE= 68% (50/73)

Jo = 3 th. CCRANIA d71d o= wj ket 23 314 2 gt} o] = nested PCR] $1%4d Ao oJ3A =
Al A C. difficilec] S5l om, 71 A= v F 73 e Ad 5= AR CCRAM g o] §154 237t <
19t S249 3159 C. difficiled tld o2 PCRZ B Ad 7t d = ujA g & glo).

(¢}

2 GAR AEL ANEFP o, o] = 20504 A CCFAd| A &= C. difficile ¢]ol = yeast, 2847ttt &
S Btk g9 nested PCR ¥ A ol A C. ol 44 F 3le Ui e tFel vd s4E 45 C
difficile B 549] 214 HA&E& Al =315 =, 523 Al ol A difficilee] 72 7T 7} YolA 715 0] 9t} E3 A
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Table 4. Sequential results of nested PCR assay for toxin B ge@edifficile and culture in two patients

Patient/Date Culture Culture based Direct detection for toxin B gene
Patient A (Cell count) PCR in stool specimens by nested PCR
2001. 10. 22 Positive (>110° CFU/g) Positive Positive
2001. 10. 25 Negative ND Positive
2001.10. 31 Negative ND Positive
2001. 11. 05 Negative ND Positive
2001. 11. 09 Negative ND Positive
Patient B
2001. 10. 22 Positive (610° CFU/q) Positive Positive
2001.11.08 Negative ND Positive
2001.11.19 Negative ND Negative
2001.12. 17 Positive (>110° CFU/g) Positive Positive
* Results for the detection of toxin B genedndifficile isolates.
Abbreviation: ND; Not done.
o o] 2 &= 93] 4] metronidazole] L} vancomycirg 7+ e <%
Fol gt A5 ol 5 Al 2lsf A C. difficilee] T2 o] <]
AE 4% glt}. o]o] H] 8] A nested PCR- t} & F#Zo]1} Hi & : Clostridium difficile e 344 <& Al 2 ¢
FiAel wrEol Fuglol B B2 AAAE FESdE oy gPde Fo Addolth B AN E o] FF
SRS S D 38 AAH S (nested PCRS: o] &3 AA 22| C
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o= ® Fate] A A 9o e RwART. A4S HEstunst g
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FoA B 54 Ak &<l C. difficilec] &= ATt o= ek AEA o] Sol & AlFdstlen, B 54a

7 T2 metronidazol& Fo] &} A wt A A} Z4}o] A&
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