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A total of 56 C. difficile strains were selected from 310 isolates obtained from different hospitals in Japan and
Korea and from healthy infants from Indonesia. Strains that had been previously typed by pulsed-field gel
electrophoresis and PCR ribotyping, were characterized by toxinotyping and binary toxin gene detection. When
toxinotyped, 35 strains were determined to be toxinotype 0, whereas 21 strains showed variations in toxin genes
and could be grouped into 11 variant toxinotypes. Six of the toxinotypes had been described before (I, III, IV,
VIII, IX, and XII). In addition, five new toxinotypes were defined (XVI to XX). Three of the new toxinotypes
(XVIII, XIX, and XX) vary only in repetitive regions of tcdA and produce both toxins. In two strains from
toxinotypes XVI and XVII, the production of TcdA could not be detected with commercial immunological kits.
Strain J9965 (toxinotype XVII) was in PaLoc similar but not identical to another known A�B� strain, C.
difficile 8864. Strain SUC 36 (toxinotype XVI), on the other hand, was similar to well-defined group consisting
of toxinotypes V, VI, and VII, which thus far includes only A�B� strains. Toxinotypes XVI and XVII represent
two new groups of A�B� strains. Strains of the well-known A�B� group from toxinotype VIII have a nonsense
mutation at the beginning of tcdA gene, and the introduction of a stop codon at amino acid position 47 results
in nonproduction of TcdA. The 5�-end sequence of tcdA in two newly described A�B� strains does not contain
an identical mutation. The prevalence of variant C. difficile strains varied greatly among nine hospitals. Only
five strains from four different hospitals were positive in PCR for amplification of the binary toxin gene.

Clostridium difficile causes intestinal infections that range
from mild self-curing diarrhea to pseudomembraneus colitis.
The main virulence factors for C. difficile are two toxins: toxin
A (TcdA, enterotoxin) and toxin B (TcdB, cytotoxin). Toxin
production allows one to differentiate nontoxigenic C. difficile
strains (TcdA and TcdB nonproducing [A�B�]); toxinogenic
strains (producing both toxins [A�B�]); and A�B� strains,
which produce only toxin TcdB (3, 5, 18).

Toxins TcdA and TcdB are encoded by two genes, tcdA and
tcdB, which together with three additional genes form a patho-
genicity locus, PaLoc (4, 10). Certain variant C. difficile strains
differ from the reference strain VPI 10463 in the length and
restriction sites in toxin genes, as well as in other regions of
PaLoc. Currently, 15 groups of such variant strains are recog-
nized and defined as toxinotypes I to XV (22, 23).

The most studied and well-known representatives of variant
C. difficile are the A�B� strains. Most A�B� strains belong to
toxinotype VIII and are characterized by a 1.8-kb deletion
within repetitive regions of tcdA gene (1, 13, 14, 19, 23, 25).
Toxinotype X, on the other hand, contains only one strain, C.
difficile 8864. This strain has a large 5.9-kb deletion at the 3�
end of the tcdA gene and a 1.1-kb insertion between tcdE and
tcdA (23, 26). Strain 8864 was virulent in a hamster model (3),
whereas strains from toxinotype VIII were first reported to be
frequently isolated from asymptomatic children and type strain
C. difficile 1470 did not cause the disease in axenic mice (5).

However, many reports were published recently on the isola-
tion of A�B� strains of toxinotype VIII from symptomatic
patients (2, 14, 25), from outbreaks (1, 16), and from patients
with pseudomembraneus colitis (2, 11, 17, 25).

Production of the third toxin, binary toxin CDT, was found
in some strains (20, 27), but its role in pathogenesis is not yet
known. CDT is composed of two nonlinked components:
CDTa (enzymatic component) and CDTb (binding compo-
nent). Genes coding for both components, cdtA and cdtB, have
been sequenced (20). They are located at the C. difficile chro-
mosome, but their relative position with respect to PaLoc is not
known (9).

Toxinotyping of C. difficile strains has already been applied
to two large European strain collections from the Université
Catholique de Louvain in Brussels, Belgium (23), and the
Anaerobe Reference Unit, PHLS, in Cardiff, Wales (22). In
the present study, we screened a collection of strains isolated
mainly in Japan, along with some isolates from Korea and
Indonesia, for the presence of variant toxinotypes. In addition,
we also tested for the presence of genes for binary toxin. We
found several types of variant C. difficile strains, some of which
are new. In two strains with new types of variant toxin genes,
only TcdB could be detected.

MATERIALS AND METHODS

Strains. Fifty-six C. difficile strains included in the study were selected from
310 isolates from two large groups studied previously (Table 1).

The first group included 143 isolates recovered from patients admitted to six
hospitals (hospitals A to F) located in diverse areas in Japan between 1996 and
2000 and from healthy infants in Indonesia in 1993. All isolates were typed by two
typing systems (PCR ribotyping and pulsed-field gel electrophoresis [PFGE]);
results for the strains from hospitals A, B, and C were published by Kato et al.
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(12). From this first group, 51 isolates were selected; these isolates represented
39 different types according to a combination of two typing systems (Tables 1 and
2).

The second group, from which five more C. difficile strains were selected for
the present study, consisted of 167 isolates recovered from patients with C.
difficile-associated diarrhea who were admitted to two Japanese hospitals (hos-
pitals H and I) and one hospital in Korea between 1980 and 2000 (Table 1). The
five strains were found to show atypical reactions in PCRs detecting the nonre-
peating and repeating sequences of the tcdA gene during a screening of 167
clinical isolates (14, 15).

Determination of toxigenicity. All 310 C. difficile isolates were screened for
toxigenicity by PCR detection of the nonrepeating and repeating sequences of
the tcdA gene (14, 15). The strains which were found to be positive by PCR for
the nonrepeating sequences with the primer set NK3-NK2 and generated a PCR
product of ca. 1,200 bp by PCR for the repeating sequences with primer set
NK11-NK9 were identified as toxin A positive and toxin B positive (A�B�) (14).
The strains that were positive by PCR for the nonrepeating sequences but
yielded either a segment shorter than 1,200 bp or no amplification products of
the repeating sequences were further tested for TcdA and TcdB production as
described bellow.

All 56 C. difficile strains included in toxinotyping analyses were retested for
TcdA and TcdB production. Strains were cultured anaerobically in brain heart
infusion broth for 5 to 7 days. An enzyme-linked immunosorbent assay (ELISA)
kit, Tox-A TEST (TechLab, Blacksburg, Va.), was used to detect TcdA. TcdB
was detected by cell culture assay with Vero cells. C. difficile goat anti-toxin B
serum (TechLab) was used for the cytotoxin neutralization assay.

Toxinotyping. Strains were grown on brain heart infusion medium for 24 h,
and crude DNA was prepared with Chelex-100 as described previously (23). In
strains where all 10 PCRs had to be done, pure DNA was isolated (23).

For toxinotyping, two PCR fragments were used, B1 and A3; these were
subsequently cut with HincII and AccI (for B1) or with EcoRI (for A3) (24). The
toxinotype was then determined according to the combination of restriction
patterns in PCR fragments B1 and A3 (22, 23; http://www.uni-lj.si/�bfbcdiff). For
five strains representing new toxinotypes we checked the entire tcdB and tcdA
gene with PCRs and restriction analyses as described previously (Fig. 3) (23).
The PL3 fragment, which should contain the typical insertion (23, 26), was
amplified by PCR for confirmation of toxinotype X.

In four strains—VPI 10463 (toxinotype 0), 8864 (toxinotype X), SUC 36 (new
toxinotype XVI), and J9965 (new toxinotype XVII)—the entire region within the
PaLoc that includes tcdA and tcdC genes was amplified (Fig. 3A, A1-Lok1 PCR).

We used primers A1C (5�-GGAGGTTTTTATGTCTTTAATATCTAAAGA-3�
[24]) and LOK1 (5�-AAAATATACTGCACATCTGTATAC-3� [4]). PCR was
performed in a 50-�l volume containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl,
0.001% gelatin, 2 mM MgCl2, 0.2 mM concentrations of deoxynucleoside
triphosphates, 5 pmol of each primer, and 0.5 U of Taq polymerase (Perkin-
Elmer). The PCR program started with a 3-min denaturation at 93°C, followed
by 35 cycles of 8 min at 56°C and 4 s at 93°C, and then finished with a 10-min
incubation at 56°C.

Detection of binary toxin gene. PCR as described by Stubbs et al. (27) was used
for detection of the gene cdtB coding for the binding component of the binary
toxin CDT.

Sequencing of the 5� end of the tcdA gene. Sequencing analysis of the 5� end of
the gene tcdA was performed as described elsewhere (13). Primers A1C and
NK34 were used for PCR, and the PCR product was sequenced directly with ABI
Prism dye terminator cycle sequencing ready reaction kit (PE Applied Biosys-
tems, Foster City, Calif.). Primer A1C (24) originates 10 nucleotides upstream
from the start codon of the tcdA gene, and primer NK34 (5�-TAGCTGTAAT
GCTTCAGTGG-3�, positions 446 to 465) was derived from the published se-
quences of the tcdA gene in VPI 10463 (6).

RESULTS

Of 56 studied toxinogenic strains, we found 35 strains to be
similar to the C. difficile VPI 10463, and there were therefore
included in toxinotype 0. The remaining 21 strains showed
differences in their toxin genes and could be distributed into 11
toxinotypes (Table 2). Six of the toxinotypes were described
before (I, III, IV, VIII, IX, and XII) and five toxinotypes were
new (XVI to XX [see below]). From more prevalent ribotypes
and PFGE groups, up to five strains were chosen from different
sources and toxinotyped (Table 2). Variant strains were mostly
found in ribotypes and PFGE types with only one known iso-
late. The exception was toxinotype VIII, which included 11
strains (Table 2). Isolates within two ribotype-PFGE groups
belonged to more than one toxinotype. In group yok/OG02-a
(for ribotype/PFGE type), three isolates were tested. One of

TABLE 1. Distribution of strains from two groups of Asian C. difficile isolates (group I and II) selected for toxinotyping and testing for the
presence of the binary-toxin gene cdtBa

Strain group

No. of strains fromb:

Group I Group II Total
(groups I
and II)A B C D E F Indon Total Kor H I Total

Total 34 28 25 22 13 13 8 143 61 57 49 167 310

Strains distributed by toxin
productionc

A�B� 33 25 24 18 11 12 2 125 61 29 30 120 245
A�B� 1 3 1 4 2 1 6 18 0 28 19 47 65

Strains selected for
toxinotyping and
testing for binary-toxin
gene

5 5 8 11 11 6 5 51 1 2 2 5 56

Variant strains found
A�B� 0 1BT 1 1 � 1BT 0 0 0 4 1 1BT 2 4 8
A�B� 1 2 1 1 � 1BT 2 1 2 � 1BT 12 0 1 0 1 13

All variant strains (%)d 2.9 14.2 8 27.2 15.3 7.7 75 15.4 1.6 50.8 42.8 30.5 23.5

a Group I was previously typed by PCR ribotyping and PFGE; group II was previously tested based on changes in repetitive regions of the tcdA gene.
b A to I, different hospitals from Japan; Indon, healthy infants from Indonesia; Kor, Korean hospital. A superscript “BT” indicates a binary-toxin-gene-positive strain.
c A�B�, strains producing both toxins; A�B�, strains producing only TcdB.
d The percentage for each location was calculated as the percentage of variant A�B� strains found plus all A�B� strains from a given location. All A�B� strains

were regarded as variant strains in spite of the fact that not all of them were actually toxinotyped. However, strains that, in a previous study (characterization of groups
I and II), were determined to have amplified repetitive regions with lengths identical to that of the toxinotype VIII type strain and that were in the toxin production
test positive only for TcdB were regarded as toxinotype VIII.
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them belonged to toxinotype I, and other two belonged to
toxinotype 0. Group smz/NT was reported to be the most
prevalent group among Japanese strains (12). Of five tested
strains, one was of new toxinotype XIX and others were VPI
10463-like (toxinotype 0).

When the toxinogenicity of strains was checked by the
ELISA kit for TcdA detection and cell culture assay for TcdB
detection, 43 strains were determined to be A�B� and 13
strains were determined to be A�B�. Of 13 A�B� strains, 11
were from toxinotype VIII and 2 were from previously un-
known toxinotypes. Twelve A�B� strains, including eleven

toxinotype VIII strains and toxinotype XVII strain J9965,
caused variant cytotoxic effects that differed from the cyto-
pathic effect obtained with VPI 10463 TcdB. Such a variant
cytopathic effect had already been described not only for
A�B� toxinotypes VIII and X (3, 8, 21) but also for A�B�

toxinotype IX (21). One A�B� strain, SUC 36, had a cytotoxic
effect similar to that of reference strain VPI 10463.

All eight A�B� variant strains described here were isolated
from symptomatic patients (antibiotic-associated diarrhea or
colitis). A strain of the new toxinotype XVI (A�B�) was iso-
lated from a healthy child, and a strain of the new toxinotype

TABLE 2. Distribution of toxinotypes and binary-toxin-gene-positive C. difficile strains within PCR ribotypes and PFGE types

Toxin
production

PCR
ribotype PFGE type Strain sourcea

No. of strains
per type/no.

of strains
studiedf

Toxinotype

Presence (�) or
absence (�) of

binary toxin
gene cdtB

A�B� cr SUC78 Ind 1/1 0 �
cr SUC89 Ind 1/1 0 �
g-r NTb B, D, E, F 11/4 0 �
hr Hr-ac C, D, E 8/3 0 �
hr Hr-b C 2/1 0 �
hr SG22-a F 1/1 0 �
hr SG22-b F 1/1 0 �
hr Y11-a C, E 2/2 0 �
hr Y11-b D 1/1 0 �
j41 J9941 D 1/1 0 �
j49 NT D 1/1 0 �
j52 J9952 D 1/1 IV �
kgy HR10 E 1/1 0 �
ktn HR02 E 2/1 0 �
ktn HR11-a E 1/1 0 �
ktn HR11-b E 1/1 0 �
og39 J9945 D 1/1 0 �
og39 OG39 B 1/1 0 �
og45 OG45 B 1/1 III �
okm HR07 E 1/1 0 �
okz NK09 A 1/1 0 �
smz NT A, D, E, F, I 68/5 0; XIX (1) �
ud NK103 A 3/1 0 �
y02 Y2 C 1/1 XII �
y05 Y5 C 1/1 0 �
y32 Y32 C 1/1 0 �
yok OG02-a A, D, F 10/3 0 (2); I (1) �
yok OG02-b C 1/1 0 �
g9376 NDd H �/1 IX �
hr ND Kor �/1 XVIII �
tr14 TR14 I �/1 XX �

A�B� j65 J9965 D 1/1 XVII �
suc36 SUC36 Ind 1/1 XVI �
fr ND H �/1 VIII �
fr Fr-c A, D 5/2 VIII �
fr Fr-d Ind 1/1 VIII �
fr Fr-e Ind 4/1 VIII �
fr Fr-f B 1/1 VIII �
fr OG57 B 1/1 VIII �
fr Y30 C 1/1 VIII �
fr HR16-a E 1/1 VIII �
fr HR16-b E 1/1 VIII �
sgf SG31 F 1/1 VIII �

a See Table 1, footnote b.
b NT, nontypeable.
c The isolates were assigned to major types when they had more than three fragment differences and to subtypes (a to f) when they had three or fewer than three

fragment differences.
d ND, not done.
f An asterisk indicates that the majority of strains from a group of 167 isolates (see Materials and Methods) were not typed by PCR ribotyping and PFGE; therefore,

they could not be assigned to a type.
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XVII (A�B�) was isolated from a severely ill adult. Of 11
strains from toxinotype VIII (A�B�), 7 were isolated from
hospitalized symptomatic adult patients, 1 was from a hospi-
talized asymptomatic adult patient, and 3 were from asymp-
tomatic children.

The prevalence of variant strains differed among nine hos-
pitals (Table 1; Indonesian strains were isolated from healthy
infants and do not represent a hospital). In all hospitals (except
the hospital in Korea), A�B� strains were found, whereas
A�B� variants were found in only six of nine hospitals. The
binary toxin genes were found in 5 of 56 strains (Table 2).
Three of these belonged to toxinotypes III, IV, and IX, which
had previously been described as binary-toxin producers. Two
binary-toxin-positive strains belonged to the two new A�B�

toxinotypes XVI and XVII. These five binary-toxin-gene-pos-
itive strains represented 8.9% of strains selected for study but
only 1.6% of all 310 strains.

Description of new A�B� toxinotypes. Three new A�B�

toxinotypes were found (XVIII, XIX, and XX; Table 3). These
were all characterized by changes in repetitive regions of tcdA
gene (A3 PCR fragment), whereas the A1 and A2 PCR frag-
ments, as well as the tcdB gene, are the same as in reference
strain VPI 10463. The A3 PCR fragment was shorter in all
three strains than in the reference strain. None of the shorter
A3 PCR fragments could be cut with EcoRI. The A3 PCR
fragment of the reference strain VPI 10463 results in two
restriction fragments after EcoRI digestion. In Fig. 1 this PCR
fragment is presented uncut to allow comparison with the
shorter fragments.

Toxinotype XVIII represents a new type of A3 deletion (Fig.
1, A3 fragment type 11). Deletions found in toxinotypes XIX
and XX were similar in length to those found in toxinotypes VI
and VII. Therefore, we also designated them as types 5 and 6
of PCR fragment A3 (Fig. 1 and Table 3).

Description of new A�B� toxinotypes. Two new types of
PaLoc were found in two strains in which TcdA could not be
detected with commercial kit.

Strain SUC 36 (new toxinotype XVI) was isolated from a
healthy 8-month-old child. In gene tcdB and in the 5� part of
gene tcdA this strain was similar to toxinotypes V, VI, and VII
(Fig. 3). However, the A3 fragment of the tcdA gene was
shorter than in these toxinotypes (Fig. 1, A3 fragment types 10
and 6). A still larger new deletion was found in toxinotype
XVIII (Fig. 1, A3 fragment type 11). Unlike toxinotypes V, VI,
and VII, which produce TcdA and TcdB (23), strain SUC 36
produced no TcdA as determined by ELISA.

Strain J9965 (new toxinotype XVII) was isolated from a
severely ill adult patient with chronic renal failure, diabetes
mellitus, and neurogenic bladder. The patient had diarrhea but
no prior antibiotic therapy. The restriction fragment length
polymorphisms of amplified B1 fragment from strain J9965
were identical to those of the B1 fragment from the previously
characterized A�B� strain 8864 (toxinotype X). The A3 frag-
ment could not be amplified from either strain (Table 3 and
Fig. 3). Restriction sites checked in B2 and B3 PCR fragments
of gene tcdB were also identical in both strains. Differences
were found in tcdA gene and in PL3 PCR fragment. One of the
characteristics of strain 8864 is a large insertion in the region
between tcdE and tcdA gene (covered with PL3-PCR fragment
[23]). This insertion was not found in strain J9965.

An entire region from the beginning of tcdA gene to the end
of PaLoc was amplified in strains representing two new A�B�

toxinotypes and in the two control strains VPI 10463 and C.
difficile 8864 (Fig. 2 and Fig. 3, A1-Lok1 PCR). In strain VPI
10463 this fragment has 9,763 bp, as deduced from the se-
quence. Strain SUC 36 differed from VPI 10463 by �1 kb. This

TABLE 3. Characteristics used for the determination of
new toxinotypes

Toxinotype

B1 PCR
fragment type
(HincII/AccI

restriction
pattern)

A3 PCR
fragment type

(EcoRI
restriction
pattern)

Toxin
production

Representative
strain

XVI 3 10 A�B� SUC 36
XVII 5 Nega A�B� J9965
XVIII 1 11 A�B� GAI00166
XIX 1 5 A�B� TR 13
XX 1 6 A�B� TR 14

a Neg, negative.

FIG. 1. PCR amplification of tcdA fragment A3 in the new toxino-
types XVI and XVIII to XX. (In new toxinotype XVII the A3 fragment
could not be amplified.) The strain designation and toxinotype are
shown above the gel lanes. A3 PCR fragment types as determined by
size and restriction patterns (data not shown) are indicated below the
gel lanes. All shown A3 PCR fragments were shorter than the fragment
obtained with reference strain VPI 10463. Strains GAI 00166 and SUC
36 represent two new deleted A3 fragment types, 11 and 10, respec-
tively. Strains TR 13 and TR 14 are identical in length to the known A3
PCR fragment types (5 and 6). Strain 57267 was used here as a control
for differentiation between A3 PCR fragments pattern 6 and 5, which
are very similar in deletion size.
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finding was also in agreement with length differences in A3
PCR fragments (Fig. 1). In strain 8864, an A1-Lok1 fragment
of �4 kb was obtained that corresponds to a published deletion
of 5.9 kb within the amplified region (24). Strain J9965 had
fragment that was �1.9 kb larger than in C. difficile 8864.
Therefore, the deletion in strain J9965 was somewhat smaller
than in C. difficile 8864. Since none of the fragments covering
tcdA gene (A1 to A3) could be obtained in strain J9965, we
speculate that the deleted region starts within the A1 fragment
(which is probably the same as in strain 8864) and spans within
A3 fragment, but at least a part of A3 fragment is probably
present (Fig. 3). However, the exact position of the deletion
has to be confirmed by sequencing.

In strains J9965 and SUC 36 we also sequenced the 5� end of
tcdA gene to determine whether the same mutation is present
that is responsible for the absence of TcdA in strains of toxi-
notype VIII. A comparison of the first 130 amino acids showed
that strains J9965 and SUC 36 were, at position 47, identical to
strain VPI 10463 but not to strain GAI 95601 of toxinotype
VIII (Fig. 4). However, all tested A�B� strains had an iden-
tical point mutation at position 64, whereas strains J9965 and
8864 had additional but not identical point mutations (Fig. 4).

DISCUSSION

We have studied the presence of C. difficile variant strains
among isolates from patients of eight Japanese hospitals, one
Korean hospital, and healthy infants living in Surabaya, Indo-
nesia, and compared the results to those obtained on strains
from the UCL Brussels collection and the ARU Cardiff col-
lection (22, 23).

In all three collections, we found common types of variant
strains. However, in each collection new toxinotypes were also
found. Whereas the UCL Brussels and ARU Cardiff collec-
tions share almost all of the 15 known toxinotypes, only 6 of
these 15 toxinotypes were found among Japanese strains. Five
of them were the most prevalent types of variant strains (toxi-
notypes III, IV, VIII, IX, and XII) and were numerous in both
the Brussels and the Cardiff collections (22, 23). A sixth toxi-
notype found in all three collections was toxinotype I. Inter-
estingly, no strains from toxinotypes V, VI, VII, and XI were
found in the Japanese collection. These toxinotypes were pre-
viously shown by molecular typing and partial 16S rRNA se-
quencing to be related one to another and to represent an
independent branch of variant C. difficile strains (22, 28). This
group of variant strains might have developed and spread in
Europe but not in Asia. However, one of the new toxinotypes
(XVI) was in the PaLoc identical to groups V, VI, VII, and XI
and differed from them only in the length of the A3 PCR
fragment (Fig. 1).

Among A�B� variant strains we found three new toxino-
types. However, these were all minor toxinotypes because only
one part of the tcdA gene was changed and the rest of PaLoc
was the same as in reference strain VPI 10463. Interestingly,
two strains showed deletions in the repetitive regions that were
similar in length to the one observed in toxinotypes VI and
VII. By restriction fragment length polymorphism analysis it
could be shown that a different region of approximately the
same length was deleted (data not shown).

We also describe here two new types of A�B� C. difficile
strains. Up to now, A�B� strains seemed to be a widespread
and coherent group. Many studies have confirmed that these
strains differ slightly in serogroup (F and X), PFGE results,
and ribotype markers (three ribotypes) but that they all have
the same PaLoc and belong to toxinotype VIII. Moncrief et al.
(19) tested 48 A�B� strains from various locations, and these
strains all had a typical 1.8-kb deletion in the tcdA gene. The
same deletion was found in 50 strains examined by Kato et al.
(13, 14) and was confirmed by sequencing in 6 strains. Another
A�B� strain (CF2) was characterized by Sambol et al. (25).
The tcdA gene again had a typical 1,821-bp deletion, and the
tcdB gene differed in 16 nucleotides from the tcdB gene of
strain 1470 (type strain of toxinotype VIII). Strain HSC98,
which is responsible for a nosocomial outbreak, was also char-
acterized as toxinotype VIII (1). Only one A�B� strain with
different PaLoc is known: strain 8864 (3, 18, 21, 26).

Of the 310 isolates from the two Asian collections, 65 had
been previously identified as A�B� by PCR amplification of
the repetitive regions of the tcdA gene. Of these 65 strains, 13
representing different ribotype-PFGE types were included in
the present study for toxinotyping (Table 2). Sixty-three A�B�

strains belonged to toxinotype VIII, whereas two strains had a
different PaLoc. Interestingly, one of them, defined as toxino-
type XVII, was in PaLoc similar to the strain 8864 and to
A�B� strains from toxinotype IX and could represent an in-
termediate type. Toxinotype XVI, representing another new
type of A�B� strain, is in its PaLoc similar to toxinotypes V,
VI, and VII. Two differences noted were (i) the length of the
repetitive sequences of the tcdA gene and (ii) the production of
TcdA, which was present in toxinotypes V, VI, VII and absent
in toxinotype XVI.

FIG. 2. PCR fragments obtained with primer pair A1C-Lok1 that
covers the region from the gene tcdA to the 3� end of PaLoc. Frag-
ments were amplified in three A�B� strains (8864, SUC 36, and J9965)
and compared to the reference strain VPI 10463. Strains VPI 10463
and 8864 were controls representing a full-length PaLoc and 3�-deleted
form of PaLoc, respectively. Strain SUC 36, a new representative of
A�B� strains, has only a small deletion in this region. In another new
type of A�B� strain (J9965), the deletion is larger but �2 kb more are
present than in C. difficile 8864.
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Strains SUC 36 and J9965 are described here as A�B�

because they did not react with TcdA-specific commercial
ELISA test. For two already-described types of A�B� strains,
toxinotypes VIII and X, the molecular basis of TcdA nonpro-
duction is also known. Strain 8864, the only representative of
toxinotype X, has a huge deletion within PaLoc that affects
TcdA production at the transcriptional level (26). Strains from
toxinotype VIII have a mutation within the tcdA gene that
introduces a stop codon at amino acid position 47; therefore,
TcdA is not produced (7). The same mutation was not found in
the new types of A�B� strains described here. The molecular
mechanism causing the absence of TcdA in new A�B� strains,
which would confirm their A�B� status, has yet to be deter-
mined.

The prevalence of all variant strains (A�B� and A�B�)
among the 310 strains studied here was calculated to be 23.5%
(Table 1). Only 56 representative strains were toxinotyped, but
it was previously shown that toxinotypes correlate well with
PCR ribotypes (22). A given toxinotype could be found in
many different ribotypes (e.g., toxinotype 0), but all strains
within a given ribotype belong to the same or closely related
toxinotypes. Therefore, it is enough to check just one isolate
per ribotype, as we did in group I. Variant strains were found
mainly in ribotype-PFGE types with a single representative. In
two cases (smz/NT and yok/OG02-a; Table 2), variant strains
were found in the same group as the VPI 10463-like strains
(toxinotype 0). In both cases variant strains had changes only in
repetitive regions of the tcdA gene, and such strains were often

FIG. 3. Schematic presentation of the PaLoc in two new A�B� toxinotypes. (A) PaLoc in the representative strain VPI 10463 from toxinotype
0 is ca. 19-kb region with two toxin genes (tcdA and tcdB) and three additional genes (tcdC, tcdD, and tcdE). Hatched areas represent the repetitive
sequences of both toxin genes. Ten PCR fragments used for amplification of entire PaLoc, as well as A1-Lok1 PCR used for amplification of the
region including tcdA and tcdC, are shown. (B) Comparison of new toxinotypes XVI and XVII with known A�B� types (VIII and X). The most
prevalent and studied A�B� toxinotype (VIII) differs from new toxinotypes XVI and XVII in the restriction sites in both toxin genes and in the
length of the deletion (�) in gene tcdA. Toxinotype XVI is similar to the TcdA-positive group of toxinotypes V, VI, and VII (shown here as
representative). Toxinotype XVII is similar to toxinotype X in tcdB but lacks the insertion between tcdE and tcdA and has less of the tcdA gene
deleted. The exact position of the deletion was not determined with the PCRs. The presence of the 3� end of tcdA was not confirmed and is
therefore indicated with an asterisk. Restriction enzymes: A, AccI; Ec, EcoRV; H, HindIII; Hc, HincII; N, NsiI; P, PstI; R, RsaI; S, SpeI; X, XbaI.
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found in the same groups as ordinary strains (22). Group II was
screened with a PCR specific for repetitive regions of the tcdA
gene whereby one can detect 13 of 15 known toxinotypes (21).
Only five isolates that showed variations were further toxino-
typed.

The percentage of variant strains varied greatly between the
two groups (I and II) and between different hospitals (Table 1).
The presence of strains with binary toxin was very low, and
such strains were found only in four hospitals. Hospital D was
somewhat unique, because it had a high proportion of variant
strains, despite the fact that the strains were well distributed
into several PCR ribotypes and PFGE types and the number of
A�B� isolates was low.

Generally, the high percentage of variant strains is a conse-
quence of the high number of A�B� strains. This is especially
true for hospitals H and I, which both probably might have an
outbreak of A�B� strain (H. Kato, unpublished data). There-
fore, we suggest that the prevalence of variant strains esti-
mated for group I (15%) is closer to the real situation in Japan.
It is comparable to the prevalence of variant strains estimated
for the ARU Cardiff collection (8.8%) (22). The study of
strains from the Brussels collection revealed that the 21% of
strains were variant; however, a large number of A�B� strains
was included and, because toxinotypes correlated poorly with
serogroups, no real estimation for the entire collection could
be calculated (23).

In the present study we describe the prevalence and types of
variants among C. difficile strains isolated in Japan, Korea, and
Indonesia. The percentage of variant strains can vary between
hospitals and is mainly influenced by the number of A�B�

strains. We have also described two new types of A�B� strains
that differed from the most widespread A�B� group of toxi-
notype VIII in the organization of PaLoc and in the presence
of binary toxin genes. Further studies would show whether
those new types are characteristic for this geographic region or
whether they can be found in other countries.
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