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Abétract‘c' Rapid detection kits for toxin A/B in feces are
~widely used as a diagnostic tool for Clostridium difficile
infection (CDI). Their low sensitivity, however, has been

'cons:dered a problem. In this study, we evaluated anew rapid -
‘dxagnostlc kit for simultaneous detection of the glutamate

dehydrovenase (GDH) antigen and toxin A/B; C. DIFF

' QUIK CHEK COMPLETE. A total of 60 stool specimens

~ from 60 patients with antibiotic- associated diarrhea were

; ‘exammed‘.’ Using C. difficile culture as the reference method X
‘the GDH portion of this kit indicated a sensitivity, specific- -
ity, and negative predictive value of 100, 93.3, and 100%,

respectively. The toxin A/B portion showed a sensitivity and

specificity of 78.6 and 96.9%, respectively, compared tothe

culture results of toxin B-positive C. difficile ,V(tomgemc‘

culture). Of the 23 specimens that showed “dual positives”
for GDH and toxin A/B, 22 were toxigenic culture positive, ‘
whereas C. dzﬁ?czle culture was: negatwe in all the 28 spec-
imens that showed “dual neganves for GDH andtoxin A/B.
Of the nine - “GDH~pOS]t1V€ and toxm A/B-neaatwe :
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“specimens, Six exhibited positive results by toxigenic cul-

ture. Results showing “dual positives” and “dual negatives”
for GDH and foxin A/B can be reported as “true positive”

and “true negative,” respectively, whereas additional testing
“for conﬁrmatzon such as toxigenic culture, is required for

specimens with discrepant results. Dxagnostlc algorithms,
utilizing the simultaneous: detectxon kit for GDH and toxin
A/B as an initial screening test, may be useful for accurate
and efficient diagnosis of CDI as well as the control of :

ihealthcare—assomated mfectxons

Clostridium difficile mfecuon Giutamate

C'losmdmm difficile culture

- Introduction

 Clostridium difficile is a major causative agent of antibi-
‘otic-associated diarrhea and colitis. It can lead to a variety

of clinical manifestations ranging from mild dxarrhea 1o

severe forms of mtestmal illness mcludmg pseudomem»

branous colitis, ileus, t0x1c megaco}on and: bowel perfo-
ration. C. difficile is a spore-bearing ‘obhga:te anaerobe and.
is resistant to oxygen or anﬁseptics depending on its Spore
status, thus making it possible for the pathogen to reside 1 in
the hospital envxronment for long: penods and ultimately to -
cause healthcare- assomated infections [1»4]
Toxins A and B have been well documented as major
viralence factors of C. dzﬁ?cz]e T oxm A-positive, toxin
B-positive (ATB™) strains as well as toxin A-negative, toxin

Bipositive (A7B™) strains are known to cause diarrhea and

colitis, and detection of toxm Bin feces is important for the
diagnosis of C. difficile mfecnon (CDI)’. The traditional gold

~‘standard is a cytotoxin assay that detects the cytotoxicity of

@ Springer
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toxin Brin fecal eluate by using cell culture; but this assay
requires special - equipment and techniques, making it
unfeasible in many clinical laboratories [3, 4]. Rapid
detection tests for toxin- A/B° by enzyme immunoassay
(EIA) are widely used because of their ease of use and lower
labor costs, but these tests appear to have a low sensitivity;
which leads to concern: about false-negative results [5=7].
Polymerase chain reaction (PCR) tests that detect the toxin
B gene in stool samples may be rapid and more sensitive
than EIA-based toxin detection, but it would be difficult for

many ordinary clinical laboratories ‘to employ these as

routine diagnostic tests because acquisition of the instru-

ment requires an initial large expenditure [7]. C.. difficile
culture followed by detection of a toxm—producmo isolate
(toxigenic culture) is considered the most sensitive dlag— :

nostic: method. However, the turnaround time of at least
2-3 days until reporting of the final results is too long, and
performing toxigenic culture on all the stool specimens
submitted for C. difficile testing is i]ab‘orf'intensivc:[S, oY

Rapid detection tests for glutamate  dehydrogenase

(GDH), a cell-wall protein of C. difficile, have also been
utilized asa dlagnostxc tool for CDI, although they provxde
no information about the toxigenicity. In contrast to the

GDH detection tests by latex agglutmatxon assay, those by
; EIA show a high sensmwty and negatwe predictive value,

making them useful for rap:d screening of C. dzﬁ?cz/e strains
in feces: To make ‘an accurate’ and efficient diagnosas of
CDI, researchers have proposed testmg algorxthms such as

one that consists of an initial screemng by EIA-based GDH ‘
detecuon ‘a rapld toxin detection test for GDH—posmve :

;spemmens and a ﬁnai conﬁrmatory test for GDH-posxtlve/
toxm—negatlve specxmens by a cytotoxm assay, tox1gemc'
culture, or PCR[ 4,8,9] i :

Recenﬂy, an EIA—based rapld combmatlon test klt for

; GDH and toxin A/B in fece
~COMPLETE (TECI—ILAB B]acksburg,‘

. the C. DIFF QUIK CHEK
VA, USA)

: ~(C ‘DIFF COMPLETE), has ‘become‘ vaxla’ole in ounmes ;

outsxde Japan and promising

'1mprovmg the: accuracy and efﬁcxency of CDI dlagnosm
fro=121 In this study, W evaluated the C. DIFF COM-
PLETE in companson w1th the other d1agnosnc ‘methods -

mcludmg C. difficile tox:gemc culture, a GDH detection
test (ImmunoCard C. difficile (Meridian BloSC1ence USA)

g ?(ImmunoCard)], and a toxm' A/B detection test [TOX A/B :

Materials and methods

Samplei co’]leCtion

A totdl of 60 fecal ‘specimens’ were collected fr01 3'6“0

‘patients, who were hospitalized at Tokyo Metropohtan;

) Springer

: Results '

Geriatric Hospital: (Tokyo, Japan) between October 2009
and January 2010 and diagnosed as having antibiotic-
associated diarrhea (33 men and 27 ‘women; age range,
54-100 years; mean, 82.9 years). All the patients con-
sented to have their specimens used in this study. All
samples examined were stored at 4°C for <72 h until

C. difficile testmg was pelformed

Detection of the GDH and toxin A/B in fecal specimens

Simultaneous detection of the GDH and toxin A/B by
C. DIFF COMPLETE, GDH detection by ImmunoCard,
and toxin A/B detection by TOX A/B were performed in

accordance with the manufacturers’ instructions.

C. difficile culture

“For C. difficile culture, fecal specimens were inoculated

onto cycloserme»cefomtm»«manmtol agar (CCMA) (lesm
‘Pharmaceutical, Tokyo, J'lpan) ‘and incubated for. 48 hoat
35°C under anaerobic conditions. The presence of the toxin
A and toxin B geneg of the recovered lsolates ‘was deter-
mmed by PCR ‘assay as prev;ously descrxbed [13, 141 For
specunens that were . “GDH—p031t1ve and toxm A/B‘ -nega-

olates Isolated colomes culmred on
hannaceutlcal) for. 48 hat 35°C under
anaexoblc condmons were suspended:‘:f ‘the dilution buffer :

o with: turbldlty equwalent 10 the' McFar]and standard no. 4
and tested by c DIFF COMP! ETE in accordance thh the :

manufacmre 8 protocol for: fecal speelmen testmg

Statistica’l 'anal yses ‘

As a swmﬁcanc test, the ch1-square test: Wlth Yates cor~ ‘; :
rection was. performed The sxgmﬁcancc level was set at_

Closmdzum dzﬁiczle was 1solated from ’-30 of the 60 fecal :
specimens. The GDH: anngen ‘portion of - he C DIFF
COMPLETE test showed posmve results,
‘posmve specxmens and | ‘negative results in 28 f the 30
kcu]ture~negat1ve spec1mens, 1mp1ymg 100% sensxtlvﬂy and
933% specxﬁcik y The ;,:negatwe predlctlve ‘*value was
100%. ImmunoCard exhlbxted positive results in 24 of the
30 culture~posmve specumens and negatlve results in the
remaining 36 specnnens 1nd1catmg that:i sensmvny and
specxﬁcxty ‘were 80.0% (vs. C. DIF £ COMPLETE
P < 0.05) and: lOO respectwely (Table I)
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Table 1 Comparison of performance results for C. DIFF COMPLETE (GDH portion) and ImmunoCard compared to Clostridium difficile

culture

C. difficile culture

Sensitivity Specificity PPV NPV Correlation
G Yo 3 Go G
Positive Negative
Positive 30 2
N
C. DIFF COMPLETE 100 h 933 h 93.8 h 100 h 96.7
(GDH portion) (30/30) (28/30) (30/32) (28/28) (38/60)
Negative 0 28
* i e EE]
: Positive 24 0
ImmunoCard 80.0 100 100 833 90.0
(24/30) (30/30) ./ Q4124) S (30/36) -/ (54160) ./
Negative 6 30

PPV, positive predictive value; NPV, negative predictive value
# P <0.05, chi-square test with Yates’ correction
*# Not significant, chi-square test with Yates’ correction..

The results of toxin A/B detection by C. DIFF COM-
PLETE showed a correlation of 91.7% (55/60) with those
by TOX A/B (data not shown). Compared with the culture
results of toxin B-positive (i.e., ATB* or ATB™) C. difficile
(toxigenic culture), the sensitivity and -specificity  of the
‘toxin A/B portion of C. DIFF COMPLETE were 78.6 and
96.9%, respectively, whereas those of TOX A/B were 71.4
and 93.8%, respectively (Table 2). = ,

Of the 30 C. difficile isolates recovered from stool ‘spec-
imens, 19, 9, and 2 isolates were AYBY, A"B"’“ and toxin
A-negative, toxin B-negative (A"B™) strains, respectively.
‘Of the 19 fecal specimens from which ATB™ strains were
isolated, 16-and 14 specimens exhibited positive results in
the toxin A/B portion of C. DIFF COMPLETE and TOX
A/B, respectively. Similarly, of the nine fecal specimens
. from which A"B" strains were isolated, six specimens each

“exhibited positive results in respective assays, -and of the two

fecal specimens from which A”B ™ strains were 1so}ated one

specimen gave a positive result in both tests (resu]ts of
C. DIFF COMPLETE are shown in Table 3). i

C. DIFF COMPLETE showed ‘“dual posmves” for
‘GDH and toxin A/B in 23 fecal specimens. Toxin
B-positive C. difficile strains were isolated from 22 of the
23 specimens, indicating a ‘positive ‘predictive value of
95.7% (an A”B” strain was isolated from the remaining 1
specimen).: C. DIFF COMPLETE showed ' “dual nega-
tives” for GDH and toxin A/B-in 28 fecal specimens. All
were negative for C. difficile culture, implying a negative
predictive wvalue of 100%. Of v'the:nine‘Specimens«.that
showed “GDH-positive and toxin A/B-negative” results by
C. DIFF COMPLETE, seven were positive for C. difficile

culture (Table 3). By :an additional - C. DIFF COMPLETE

iSolates
“GDH-

test on the ‘isolates, all the six toxin B-positive
(three A"BT and three A"B7 isolates). showed

~ positive and toxin-A/B-positive’ results, whereas the one

ATBT isolate indicated a “GDH~p051t1ve and toxin A/B-

- negative” result (data not shown).

Discussion

In this study, we evaluated C. DIFF COMPLETE, a new
EIA-based rapid diagnostic tool for simultaneous detectlon
of GDH and toxin A/B in a single device. =

‘Using: C. difficile culture as a reference, the GDH por-
tion of the C. DIFF COMPLETE had a sensitivity of 100%

~ (30/30), which was significantly higher than the sensitivity

of 80% (24/30).observed in: the. ImmunoCard. test. GDH
detection in the C. DIFF COMPLETE test is mediated by
anti-GDH ‘polyclonal antibodies immobilized on: the
membrane (capture antibodies) and enzyme-labeled anti--
GDH monoclonal antibodies (detector antibodies), whereas

~the ImmunoCard test ‘utilizes anti-GDH  polyclonal anti-

bodies as both capture and detector antibodies. Such dif-
ferences might contribute to the high sensitivity and
specificity of GDH detection'in C. DIFF. COMPLETE.
-For two specimens: that were GDH positive by C. DIFF
COMPLETE but culture negative, we cannot exclude the
possibility of false-negative results of C. difficile culture.
However, it was more strongly suspected that the GDH
detection gave false-positive results because they exhibited
negative results in all the other tests performed (i:e.; GDH
detection by ImmunoCard, toxin A/B detection by C. DIFF
COMPLETE and TOX 'A/B), and neither of the ‘two

@ Springer
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Table 2 Comparison of ‘pelfo‘rm‘aucé ‘rs‘su:]tsfor C DTFF COMPLETE (toxin portion) and TOX A/B compared to:toxigenic culture

A*B JABY

C. difficile culture

PPV

Sensitivity  Specificity NPV Corrclation
o . g e % g %
Positive -~ Negative : =
IR s Positive 22 1 PRI R S AR g
C. DIFF COMPLETE "+ : 76 ) 969 ) 957 ) 8 ) 883 )
{toxin portion) S (228 (31/32) (22/23) SB1AT) (53/60).
Negative 603 i
S : . . . #3 sk ook - L
o Positive 20 2 GRS B ‘ :
TOXA/B 714 938 | 909 789 83.3.
' s e T CQo28) o @ws S o) Yo (3038 S B0y
Negative g 300 L i .

PPV, pbsitivt: p‘re'di‘c‘tive‘ Va}ue NPV, negative pwdictive value
% Not suzmhcant chl-square tcst with Yates’ conecnon ik

“ A*B* toxm A_posmvc, toxm B-posntwe, A B* loxm A- -negative, toxin B-posmve :

Table 3. Result\ of: the C DIFF COMPLETE test dnd C dlf]‘zczle
culture - e : i :

f di‘ﬁfd@‘ Ciﬂfﬂrc *

detectmg

Positive . Negative

Positive  Positive”  16°
'Positive«@;“Ncgati\‘f 3
Negative ~ Positive = 0
Negative  Negati (

Toal

< Number of stool spemmens

patients had recelved vancomycm or metromdazole for
CDI before sample collection..

The toxin A/B portion of C. DIFF COMPLETE was
able to detect both AYB* and A™B* strains, and had a
detection rate of 78. 6% (22/28) compared with the results
of toxigenic culture, Wthh was slightly hlgher than the rate
of 71.4% (20/28) observed in the TOX A/B test (the dif-
ference. was not staustlcal]y sxgmﬁcant) Two ATBY strains
showed pesmve results in C. DIFF. COMPLETE but neg-
ative results in TOX A/B, ‘whereas the detection rate for
A BT strains was the same for both tests “(six of the nine
specimens indicated positive results in each test).

&) Springer

100%

Rapxd detectxon EIA tests for toxin: A/B have been‘

'repoﬂed 0 Iack sufﬁcmnt sensitivity 5-71. In the ‘present
‘smdy, the toxin: A/B ortion of

: DIFF COMPLETE

GDH detect on. :leen such excellent sensﬂwny"

:and negatwe predlctwe Value of the GDH portion and the

~ hlgh spemﬁmty of the toxin A/B portion, using C.. DIFF

COMPLETE as the ﬁrst-}me screenmg test for CDI is

: *conmdered reasonable

22 of thé 23 tecal spec1me !

for GDH and toxin A/B by the C. DIFF COMPLETE test,

~1mplymo

posmve predmtxve value of 95 7% The
remammg 1 _specimen from which an ATB™ strain was :

;1solated mlght have contamed both toxin B—pos1t1ve and

ATB™
'COMPLETE exh1b1ted posmve results for toxin A/B in this
‘specxmen C. difficile culture was negative in all the 28

-strains; because TOX A/B “as. wel] as C. DIFF

specimens that showed “dual negatives” for GDH and

‘toxin A/B. by the C. DIFF. COMPLETE test, indicating a

““true positive,” i

necatwe predlctxve value of ]00% ‘Thus, results showing
“dua} posmyesf’ for GDH and toxin A/B strongly suggest
e., the presence of toxin B-positive
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C. difficile strains in feces, whereas results showing “dual
negatives” imply “true negative.”

When the C. DIFF COMPLETE test shows “GDH-
positive and toxin A/B-negative”. results, it. cannot be
concluded that the nontoxic (A™B7) strain of C. difficile
exists in feces. However, the GDH-positive result may alert
clinicians to the possibility of the presence of toxigenic
organisms as a result of the false-negative result for toxin
A/B. Performing confirmatory tests only for the specimens
with discrepant results (not for the dual-positive and dual-
negative specimens) would alleviate the burden imposed
on clinical microbiology laboratories and help improve the
efficiency of accurate CDI diagnosis. Confirmatory testing
by PCR on stool samples -allows a. rapid, simple, and
accurate diagnosis [ 10~12], but the initial expenditure for
purchase of the instrament is considerable. A cytotoxin
assay may be also impracticable for many clinical labora-
tories because of ‘the need for special equipment and
techniques. Some researchers evaluated a combination of a
toxin detection kit-and C. difficile culture, in which the

toxigenicity of a culture isolate was retested with the toxin -

detection kit {15, 16]. Such a diagnostic strategy may be
feasible in many clinical institutions, although several days
are required before results are reported. -

-C. difficile is important as a pathogen that frequently
causes healthcare-associated - infections. In the present
study, 28 inpatients were diagnosed as having CDI during
the study period of approx1mately 3.5 months. It is strongly
suspected that some strains spread among these patients,
although typing analysis on recovered isolates was not

performed in this study. Diagnostic algorithms, utilizing

the C. DIFF COMPLETE as an initial screening test, may
contribute to the infection control of CDI by allowing us to
make more accurate andirapiddiagnosis“of ‘the infection.f
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Use of the loop medla‘[ed 1sothermal amphﬁcatlon
“method for identification of PCR nbotype 027
: kC/ostno’/um d/ff/(:/le

Haru Kato and Yoshxch|ka Arakavva

e Depart‘ment of Bacteriology Nl National Institute of Infectious Diseases, Tokyo, Japan

- kThe loop medla’ted |sothermal amphﬂcatlon (LAMP) assay detectmg ‘he stA gene of slpA '
L sequence type gc8 (slpA~gc8) was established for the |dentlf;cahon ofa hypervxru!ent Clostrrdlum
- difficile: stram PCR ribotype 027. Of 107 isolates exammed 27 belonging to.PCR ribotype 027

were all positive for the LAMP assay The remammg 80 zsolates were typed into 47 different PCR

‘:nbotypes other than type 027, and Were nega‘uve for the. LAMP assay w:th the: exceptfon of two

isolates. The sensitivity and specn‘lclty of the LAMP method for 1dent|f:cat|on of PCR ribotype 027

~were 100% and 98 %, respectlvety -The. LAMP assay detectlng slpA—ch is a reliable tool:for the
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identification of PCR nbotype 027 C d/fﬁ(://e Th!S sxmp]e and rap:d me’thod w:ll contnbute to :
: detechon of the h/pemrulent stram :

, INTRODUCTION

health care-assocm‘ced Infectzon The emergence of a C
dz]fﬁczle strain’ charactenzed as. restrlcmon endonudease

with th1s stram are more hkely to deveiop severe dlsease
(Barbut et al., 12007; ‘Goorhuis et al, 2007). Since the
‘epidemic by PCR ribotype 027 threatens to extend to the
rest ‘of the world: mcludlng Asia (Gerding, 2010), early

recognition of the emergence of the ‘strain :(s valuable

(Gooxhuxs et al, 2007)
‘whele the stram: ]

isequencmg the Gene encodmg the surface- la‘yer" protein A

e(slpA) was estabhshed':‘and evaluated (Kato er al 2010

ribotyp 027 (Kato et al, 2010;

Killgore et-al.;
snmple metho f

Abiﬁréﬁé’tibhs: CDT binary “toxin;
fan’wp‘lifiééitidh REA, ‘stnc‘mon endonuclease analysss
The GenBank/EMBL/DDB 2
“for thé slpA genes: reported
- AB25728B (gc8- -02), ABQB?QBB (968 03), 'AB461839: (QCS 05) and
© AB461840 (go8-06). . : - e

the presem_st,u:dy,we estab11311Ed a

'LAMP ioop medxa’ced lso’mermal .

“this study are: ABQ49986 (gc8-01), -

loop-mechated ‘othermal amphﬁcatlon (LAMP) detectmg
'the SIpA gene of slpA sequenc" type gc8 strains (slpA ch)

lates were exammed
(ATCC 43594), c (ATCC

well.

amphﬁcatlon product of "apprommately 1200 bp in: sxze, ‘the’ 1solates
were identified as toxin A-positive. When PCR by" ‘NK3-NK2 was
_positive and the product by PCR with NK9=NK11-NKVO11 ‘was

i apprommately 700 bp in size, the isolates were identified as- tomn A--

negative (Kato etal, 1998 1999) When the isolates were p051 i “fox

. PCR by NK3-NK2 but the PCR product generated by NK9-NK11-

NKVO011 was neither appromm'\tely 1200 bp nor 700 bp in'size, toxin
production by the isolates was determined. The presence of the non-
repeatmg sequences of the toxin B, gene (tch) ‘was: emmmed by PCR :

cultmed anaeroblcally in . bram—heart mfusxon broth (Becton

1126
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ldentification of type 027 C. difficile by LAMP

Dickinson) for 5 days. Toxin A was detected by an enzyme
immunoassay kit, C. difficile toxin A test (Oxoid). Toxin B was
detected by a culture assay using Vero cells and C. difficile goat anti-
toxin B serum was used for the neutralization. test (Kato et al., 1998).

Typing of isolates, Typing of isolates by sequencing slpA was carried
out as previously described (Kato et al,, 2010). Isolates were assigned
to different major types when they had 20 or more amino -acid

differences, and to subtypes (01-06) when they had fewer than 20

such differences. 'PCR ribotyping was performed by the modified
methods of Stubbs and others as pzevmusly described (Kato et al,
2010; Stubbs et al, 1999).

Detection of s/pA-gc8 by LAMP. For DNA extraction for LAMP, C.
difficile was inoculated on Brucella agar supplemented with vitamin
K;-and haemin (Kyokuto Pharmaceutical) for 1-7 days anaerobically.

A’ single ~colony was suspended in 50 pl -TES (50.mM. Tris
hydroc]ﬂoude, pH 8.0; 5 mM  EDTA; and 50 mM NaCl). The.

suspension was heated at 95 *C for 15 min and then centnfuged at
15000 g for 2 min, and the’ resultant supernatant was used as a

template-for the LAMP assay. The six primers used for the LAMP - -
were derived from the slpA gene of strain US42, which was identified

as REA type Bl, PFGE type NAP1, PCR ribotype 027 and slpA
sequence type gc8-01 (GenBank accession no. AB249986) (Kato et al.,
2010; Killgore et al., 2008). The outer primers used were gc8002a-F3
(5’-GCTCTCCAGCAGAGGGAG-3") and gc8002-B3 (5'-AGTTCCA-
TCAACTAAACCAAAC-3'); the inner primers were gc8002b-FIP (5~

TTGGAGCTGTATTTITTTGCTCCCGCAATAAAAGTAGCTACAAG-
TAG-3') and gc8002-BIP (5’ —GTCTATGTCAGATGTATTTGATAC-
ATAAGTTTCACAGCAGTTTCAGT-3"); and the loop. primers were
gc8002-FL (5'-TACCAGCATTTTCGACTTCACC-3") and gc8002-BL
(5'-GCTTTTACAGATTCA-3"). The LAMP: reaction was peLformed
using the - Loopamp DNA -amplification kit (Eiken  Chemical)
according to the manufactuler s instructions. Two microlitres of
DNA template was added to a total volume of 25 ji buffer consisting
-of 5:pM of each of the ‘outer primers, 40 pM of ‘each of the inner
primers and 20 pM of each of the loop primers. Amplification was
performed at 62 °C' for 60 min. The increased turbidity was
monitored by a real-txme tuszdlmeter, 1A-320C (Elk@n Chemical).

‘The turbidity was calculated based on the ratio of light intensity (the
1nten51ty of hght received by ‘the. phatodlode/the emitted hght
intensity). The threshold of LAMP posmve for the mrbldimeter was
defined as 0.1. :

Determination of the sequences of tcdC. _The sequences' of tcdC
were determmed by sequencing the PCR product with primer set Cl-
€2 as described prevlously (Spigaglia & Mastrantomo, 2002). The
pnmer set NK:——Lokl (Braun et al., 1996; Kato et al,, 1991) was used
for sequencing 1edC of isolate DINS 7-18. The sequences obtamed
were compared to those of strain VPI' 10463 and strain US42 as well as
to the sequences previously. described (MacCannell ¢t al,2006) and
those 'in the GenBank database. 'I'he comparatlve -analysis was
performed by GENETYX-MAC version 12.2.3.

’RESULTS .
Tybing;‘res(‘ﬂts

S'equep"ciﬁv‘ of the slpA gene resulted in 24 major types and

54 subtypes for the 107 isolates tested. Of the 107 isolates,

29 were typed as slpA sequence type gc8, and five different
subtypes (slpA sequence types gc8-01, gc8-02, gc8-03, gc8-
05 and gc8-06) were found-among these 29 isolates (Table
,1) Types gc8-01, gc8-02, gc8 -03 and gc8 -06 differed from

each other by 1 nt, involving a single deduced amino acid.
The slpA sequence of one isolate, DJNS 7-18, was found to

* differ from that of gc8-01 by eight deduced amino acids

(slpA sequence type gc8-05). Among the 107 isolates, 48

ed1ffelent PCR ribotypes were identified. Of the 28 isolates
belonging to gc8-01, gc8-02, gc8-03 or gc8-06, 27 were

typed as PCR ribotype 027 (Fig. 1). One isolate of slpA

*sequence type gc8-01 (JND 10-61) was typed as a different

PCR ribotype from PCR ribotype 027 (PCR ribotype 0271;
Fig. 1), while its PCR banding pattern showed two band
differences from that of 027. Isolate DJNS 7-18 and the
remaining 78 isolates were typed into 46 different PCR
ribotypes, banding patterns of which were distinct from
that of PCR ribotype 027. The epidemiologically important

'PCR ribotypes 001, 002, 014, 017, 078, trf and smz (Barbut

et al., 2007; Goorhuis'etal, 2008; Kato et al., 2010; Killgore

et al, 2008) were included in the 46 PCR ribotypes.

,Detectlon of slpA-gcs by LAMP
+slpA-gc8 was detected by LAMP in all 29 isolates of slpA

sequence type gc8 including JND 10-61 and DJNS 7-18

(Fig. 25 Table 1). LAMP was performed on DNA extracted

from strain US42, which was incubated for 1 or 7 days. The

time for C. difficile culture to extract DNA did not affect

the LAMP reaction. In a comparison of the LAMP results
in 28 isolates identified as PCR ribotypes 027 and 027r
(slpA sequence types g¢8-01, gc8-02, ge8-03° and gc8-06),

-the amplification reaction in "DJNS 7-18 (PCR rlbotype :

tkm0718/slpA sequence type gc8-05) was slow (Fig. 2).

LAMP- was performed on 78 isolates of types other than

slpA sequence type gc8 in a 90 min reaction, with negative
results (Table 1). The sensitivity and specificity of the
LAMP method for 1dent1ﬁcat10n of PCR ubotype 027 were
100 % and 98 %, recpecnvely

e

slpA sequence type gca lsolates recovered m k
lapan

Of seven sipA sequence type ‘gCS‘ist)lates recovered in Japan,
six (subtypes gc8-01 and gc8-06) were toxin A-positive,

‘toxin B-positive and CDT-positive. Sequencing analysis of

the six isolates including JND 10-61 detected .tcdC identical
with that of strain US42 and published sequences
(MacCannell -ef - al, 2006). Isolate DINS 7-18 (subtype
gc8-05) 'was toxin A-negative, toxin B-positive and CDT-
positive. In the DJNS 7-18 isolate; PCR using the NK3-—
NK2 primer set was positive but no amplification was

-obtained by PCR :usingffthe' NK9-NK11-NKVO011 primer

set. This isolate was tested by enzyme immunoassay:for
toxin A productlon, with a negative result, and toxin B was
detected by a cell culture assay with a pocmve neutraliza-
tion reaction. When the sequences of tcdA and tcdC were
compared to.those 1eg15tered in the GenBank database,
DJNS 7-18 had deletions in tcdA and 1cdC; the deletions
were the same in location and size as those of strain 8864
(GenBank accession no. AJ011301). Isolate DJNS 7-18 was

hﬁp://jmm.sgmjomnals.org :
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Table 1. Typing results and LAMP results for identification of PCR ribotype 027

sipA sequence slpA sequence PCR ribotype LAMP results - . ;No.‘of isolates tested from: Total neo. of isolates
major type subtype » e s studied
Japan North Amenca and ATCC
Europe*
gc8 gc8-01 027 + 4 } 16 ; . 20
gc8-01 027rt + 1 . . 1
gc8-02 027 + 2 2
c8-03 027 + 4 4
gc8-05 tkm0718 +3 I 1
gc8-06 027 + 1 . E 1
Other types§ L - 52 , 2 5 78
Total 0 T ' 59 : 43 5. 107

*A collection of 42 isolates used for a previous study (Killgore ot al., 2008) and strain UMCG12(3) (PCR ribok’ktype 078; Goorhuis et al., 2008).
1The banding pattern of JND 10-61 (PCR ribotype 027r) differed from that of type 027 by two bands.

+The LAMP. reaction in DJNS 7-18 was slow.

SA total of 78 1501ates‘ were typed into 23 slpA sequence ma}or t) pes, 49 slpA sequence eubtypes and 45 PCR nbotypes

ecovered from a pa’uent who suffered from pseudomem-
branous colitis in 2008. :

DISCUSSION

In the present study, all PCR ubotype 027;1solates tested

type. gcB- 01) 2 JND 10 61 (ch 01), 3 JND 8- 64 (gc8 06)
4,DINS 7-18 (ch 05); 5, US42 (ch 01);'6, negative control; M,
100 bp ladder as,a molecular s 'size marker. Strain US42 was used
as the reference strain of PCR nbotype 027

strain US42 More studles are needed to ldennfy thls 1solate
as a strain related to the hypervnulent strain.: DJNS 7-18
was atoxin’ A—negatwe, ‘toxin B-positive,: CDT =positive
isolate with the same deletions in tcdA and tcdC as those of

"‘stram 8864 (Lyerly et al., 1992; Rupnik er al., 1998). Since

strain 8864 was not available in the present study, PCR

‘nbotypmg and sipA sequenceftypmg results for strain 8864

e to those‘ or D]N 7~ 8. D]NS 7- 18
¢ 1 1solates mk

could not be com

: .‘ 2005) It has‘ylbeen ~docnmented that
ected with the PCR nbotype 027 strain are more

‘hkely‘to have severe disease.and to have been specxﬁcally
treated with metronidazole or vancomycin (Barbut et al,
‘,2007) Goorhuis et al. (2007) demonstrated that clear
trends were observed for m :

attributable mortahty and more

mfected thh CR rlbotype 027 than in those infected with
: 2007) The sxgmﬁcant

strain. Thesek‘rep(i)rts lndlcate that PCR nbotype 027 is
more likely to cause outbreaks with: hxgh ‘morbidity and

‘mortality. Partlcu]ally in the countries or areas where the
‘stram is not‘currendy predommant such as in ]apan (Kato

Sawabe et al., 2007), earher recognmon of
! y the strain Wﬂl prov1de ‘beneficial
mfmmatlon f01 pubhc health centres, leading to alerts of

2007
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tdentification of type 027 C. difficile by LAMP
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& DINS 5-23
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Turbidity

== Negative control

=& Positive control (US42)

Fig. 2. Real-time turbidity of LAMP amplifica-

Timé {min)

45 60 75

tion products for representative isolates typed
as slipA sequence type gc8. Strain US42 was
used as a positive control.

90

the emergence of the strain to health-care facilities covered
by the public centres. The LAMP assay detecting slpA-gc8
may be valuable for monitoring trends in the prevalence of
C. difficile infection caused by PCR ribotype 027. Since the
LAMP method is:simple to perform and does not require
any special equipment such as a thermal cycler or electro-
phoresis system, it is-accessible to even small laboratories of
local public health centres as well as of health-care facilities.

The LAMP assay detecting slpA-gc8 proved 0 be a reliable
tool for ‘the identification of PCR rlbotype 027 in the
present study The method may be apphed to the direct
~detection of slpA-ge8 from stool specimens without a
culture step.. 1In the present study, one stool specimen from
a patient who suffered from pseudomembranous colitis
caused by PCR ribotype 027 was available (Kato er al,

2007); detection of slpA-gc8 was. perfozmed on DNA
extracted directly from the stool specimen as prewously
described (Kato et al, 2005), with a positive result (data
not shown) Further analysis using a large number of
stool specimens is required to evaluate the ‘method for the
direct detectlon of PCR nbotype 027 stlams from stool
speamens
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