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Abstract Background: Several studies have highlighted the incidence of Clostridioides diffi-
cile infections (CDIs) in Taiwan and certain ribotypes have been related to severe clinical dis-
eases. A study was conducted to investigate the polymerase chain reaction (PCR) ribotypes and
genetic relatedness of clinical C. difficile strains collected from January 2009 to December
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2015 at a hospital in northeastern Taiwan.
Material and methods: A modified two-step typing algorithm for C. difficile was used by
combining a modified 8-plex and 30-truncated tcdA screening PCR. In addition, MLVA typing
was adopted for investigation of bacterial clonality and transmission.
Results: Among a total of 86 strains, 24 (28%) were nontoxigenic and 62 (72%) had both tcdA
and tcdB (A þ Bþ). No tcdA-negative and tcdB-positive (A�Bþ) strains were identified. Binary
toxin (CDT)-producing (cdtAþ/cdtBþ) strains were started to be identified in 2013. The 21
(34%) AþBþ clinical strains with binary toxin and tcdC deletion were identified as RT127 strains,
which contained both RT078-lineage markers and fluoroquinolone (FQ)-resistant mutations
(Thr82Ile in gyrA). Multiple loci variable-number tandem repeat analysis (MLVA) for phyloge-
netic relatedness of RT127 strains indicated that 20 of 21 strains belonged to a clonal complex
that was identical to a clinical strain collected from southern Taiwan in 2011, suggestive of a
clonal expansion in Taiwan.
Conclusion: A two-step typing method could rapidly confirm species identification and define
the toxin gene profile of C. difficile isolates. The clonal expansion of RT127 strains in Taiwan
indicates monitoring and surveillance of toxigenic C. difficile isolates from human, animal, and
environment are critical to develop One Health prevention strategies.
Copyright ª 2022, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Clostridioides difficile is a Gram-positive and spore-forming
bacterium that was recently reclassified into the Clos-
tridioides genus after 16S rRNA phylogenetic analysis.1 C.
difficile infection (CDI), one of common nosocomial infec-
tion, mostly occurs in patients exposed to antibiotic
treatment and ranges from mild diarrhea to pseudomem-
branous colitis (PMC), toxic megacolon, or death.2e9 Such
manifestations.10 However, the incidence of community-
acquired CDI (CA-CDI) has almost doubled in the last
decade, mainly in younger population without a history of
antibiotic exposure or hospitalization.11,12

Since 2000 several hospitals reported a dramatic increase
in severe CDIs caused by certain epidemic strains, including
polymerase chain reaction (PCR) ribotype 027 (RT027) and
ribotype 078 (RT078) across Europe and North America13e15

and ribotype 017 (RT017) in Asia.16 RT027 and RT078 iso-
lates produce both major toxin A/B (encoded by tcdA/tcdB)
and a third binary toxin (C. difficile transferase [CDT],
encoded by cdtA/cdtB), and are considered “hypervirulent”
or “hypertoxigenic” strains (AþBþCDTþ).17 These hyperviru-
lent strains are often characterized by fluoroquinolone (FQ)
resistance (Thr82Ile in gyrA),18 efficient sporulation, and
higher toxin production because of tcdC mutations (D117A/
18-bp deletion in RT027 or C184T/39-bp deletion in
RT078).19,20 Several ribotypes highly related to RT078,
including RT126 and RT127 (AþBþCDTþ), RT033 (A�B-CDTþ),
RT045, and RT066, are categorized as the clade 5 ST-11,
which has been linked to severe symptoms and a high mor-
tality rate.20e23 In addition, RT078 and related ribotypes
were found to contain a lineage-specific marker24 and are
highly associated with livestock, particularly piglets.22,25

However, the direct transmission of RT078 lineage strains
from animals, food, or the environment to humans has not
been demonstrated. RT017 (A�BþCDT�) strains harbor toxin
B and wild-type tcdC, but no toxin A (because of the 30-end
deletion of tcdA) or binary toxin.16,26
897
In Taiwan until 2014 the first case of CDI caused by a FQ-
susceptible RT027 strain was identified.27e29 During the
same period, a multicenter surveillance in Taiwan revealed
that RT017 and RT078-lineage strains were predomi-
nant,6,30,31 which differed from the major ribotypes
distributing in China or Japan.2,8,32 In addition, RT126 in
Taiwan could lead to severe PMC and recurrent CDI.33

Moreover, clinical isolates of the RT078 lineage in Taiwan
were genetically related to swine isolates, indicative of the
zoonotic potential.29,30 These findings support the need of
molecular surveillance of C. difficile ribotypes in human,
animal, and environment isolates in Taiwan.

Since most ribotypes isolates have been reported in
clinical C. difficile isolates from southern Taiwan, the tem-
poral dynamics of toxin genotypes and ribotypes of clinical
C. difficile isolates from diarrheal patients at a hospital over
seven years in northeastern Taiwan were studied.

Materials and methods

The collection of C. difficile isolates

This study was conducted from January 2009 to December
2015 in a 1089-bed hospital in northeastern Taiwan. In the
study hospital, clinical C. difficile isolates were obtained
from stool specimens of diarrheal patients by plating on
selective cycloserineecefoxitin-fructose agar (CCFA) and
maintained at 37 �C in an anaerobic cabinet for 48 h incu-
bation. Yellow ground-glass colonies on CCFA plate identi-
fied as C. difficile were stored at �80 �C in BHIS broth
containing 15% glycerol. These isolates were submitted to
the research laboratory of Prof. Tsai for storage, culture,
and further molecular testing.

Genomic DNA preparation

A single colony ofC. difficile isolates was grown in Brain Heart
Infusion broth (BD, Franklin Lakes, USA) supplemented with
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5 mg/mL yeast extract (Condalab, Madrid, Spain) and 0.1% L-
cysteine (SigmaeAldrich, St. Louis, USA), at 37 �C anaerobi-
cally for 16 h. After harvesting, genomic DNA was extracted
using a genomic DNA mini kit (Geneaid, Ltd., Taiwan).

Molecular toxin gene typing and RT078-lineage
screening

To rapidly screen for the toxin gene profile of C. difficile
isolates, We modified a multiplex PCR methodology, which
involved the combination of eight primer sets to detect C.
difficile genes, including 16S rDNA (bacterial internal con-
trol), tcdA, tcdB, cdtA/cdtB, and tcdC isoforms, as
described previously.34 The tcdB primers were optimized by
degenerating sequences to cover the large diversity in tcdB
(tcdB-F5670M: 50-CCAAARTGGARTSTTACAAACAGGTG-30 and
tcdB-R6079M: 50-GCATTTCTCCRTTYTCAGCAAAGTA-30).35,36

Furthermore, a primer set (forward: 50-ATTTACAGGA-
GAAGTTTCACCTCT-30 and reverse: 50-GCCCAGATTGGCTCA-
TATGCAAC-30) was used as a C. difficile-specific marker
(300-bp targeting triosephosphate isomerase, tpi),37,38 and
also a RT078-lineage marker proposed by Knetsch et al. was
used.24 The final amplification products were analyzed by
gel electrophoresis. The strains with truncated tcdC vari-
ants were further examined through full-length tcdC
sequencing.19 Since there were variant forms of tcdA,
including entire deletion or internal deletions, the primer
binding sites of tcdA may lead misinterpretations in the
toxin profiling of C. difficile isolates.39,40 Our modified 8-
plex PCR will detect all tcdA variants, and the signature
of 30-end truncation in tcdA needs to be confirmed by a
secondary primer set.38

PCR ribotyping and identification

A two-stepanalysiswas performed to validate the ribotypes of
C. difficile isolates. First, the QIAxcel-based platform41 and
primers as previously described42 were used. After PCR
amplification, the products were concentrated by a Gel/PCR
DNA Fragments Extraction Kit (Geneaid, Ltd, Taiwan) and
separated by aQIAxcel system (Qiagen, Hilden, Germany), QX
Alignment Marker 15 bp/3 kb, and QX Size 50e800 bp Marker
(Qiagen, Hilden, Germany) for high-resolution visualization.
Thefindingswerecomparedwithour referencedatabase. The
isolates not aligningwith the referencedatabasewere further
typed by the WEBRIBO database (http://webribo.ages.at/)
using a published method with minor modifications.43e45 PCR
fragments were analyzed in ABI 3730XL DNA Analyzer with a
50 cm capillary loaded with a POP7 gel. A 20-to-600-bp LIZ600
ladder was used as the internal marker for each sample. The
size of each peak was determined using the Peak Scanner
software 1.0 (Applied Biosystems) and submitted into the
WEBRIBO.PCR ribotypeswereconfirmedbasedon theanalysis
algorithm in the database.46

Mutations in quinolone-resistance determining
region (QRDR)

FQ resistance in C. difficile was examined through the
detection of mutations in gyrA-or gyrB-encoding DNA gyrase
subunits in the quinolone-resistance determining region
898
(QRDR). The primers used for the QRDR mutations were
suggested by Spigaglia et al.47 After amplification and
sequencing, the sequences were analyzed using the BioEdit
7.2.5 software package and the ClustalW program to align
with the published gyrA/B genes.47

Multi-locus variable-number tandem repeat
analysis (MLVA)

Seven tandem repeat loci (A6, B7, E7, G8, C6, F3, and H9)
from published MLVA schemes were individually singleplex-
amplified using specific PCR primers.48 The forward primers
of PCR were labeled with fluorescent dye at the 50-end. The
dyes used were as follows: 6-carboxyfluorescein (6-FAM) for
A6 and E7, PET (unpublished proprietary dyes of Applied
Biosystems company, California) for C6 and F3, 20-chloro-70-
phenyl-1,4-dichloro-6-carboxyfluorescein (VIC) for B7 and
H9, and 20-chloro-50-fluoro-70,80-fused phenyl-1,4-dichloro-6-
carboxyfluorescein (NED) for G8. PCR products were referred
to multicolored capillary electrophoresis in the ABI 3730XL
DNA Analyzer with a LIZ600 marker as an internal marker for
each sample. The size of each PCR fragment was estimated
by the GeneScan software (Applied Biosystems). Repeat
numbers of the seven loci were separately calculated using
the BioNumerics software ver. 7.6 (Applied Maths, Belgium).
The minimum-spanning tree (MST) was generated based on
the categorical coefficient, and all selected loci were
weighted equally, regardless of the number of repeats.49

Data analysis

The genetic relatedness between two isolates was deter-
mined by the summed tandem repeat difference (STRD) with
the Manhattan coefficient algorithm. Phylogenetic micro-
evolution was evaluated based on the MST results and the
interpretation criteria proposed by Baines et al.50 and Marsh
et al.51 An STRD of�2 was regarded as a clonal complex (CC)
and an STRD of �10 as a genetically related cluster (GC).52

Results

Clinical C. difficile isolates

A total of 86 C. difficile isolates were obtained from the
patients with diarrhea. From 2009 to 2013, annual clinical
isolate number of C. difficile fluctuated between 5 and 10
(6, 5, 9, 7, and 10 in 2009, 2010, 2011, 2012, and 2013,
respectively) but dramatically increased in 2014 and 2015
(23 and 26, respectively).

Distribution of C. difficile toxin genotype and
emerging RT078-lineage

Different C. difficile ribotype strains with well-characterized
toxin genes were used as reference strains (Fig. 1A). In the
interpretation of data from the 8-plex PCR, a positive result
of tcdA does not exclude the presence of 30-truncated vari-
ants. Therefore, tcdA þ strains will be screened by a primer
set of tcdA 30-end truncation (Fig. 1B), and the interpreta-
tion of 2-step tcdA PCR results was depicted in Fig. 2. All 86
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Figure 2. An interpretation algorithm of the results of the 2-
step typing method.
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strains were positive for the C. difficile-specific marker, tpi.
Twenty-four (27.9%) strains were nontoxigenic (A�B-) and 62
(72.1%) toxigenic (AþBþ). Of 62 toxigenic strains, 21 (33.9%)
strains, accounting for 24.4% of all C. difficile strains, had
binary toxin (AþBþCDTþ) and tcdC deletion, and no
A�BþCDT� and A�B�CDTþ variants were identified. Of note,
tcdC deletion was identified in one AþBþCDT� strain. The
deletion and mutation of tcdC were confirmed by
sequencing. All 21 AþBþCDTþ strains carried a 39-bp dele-
tion, a C184T mutation in tcdC, and a RT078-lineage marker.
The only AþBþCDT� strain with an 18-bp in-frame deletion in
tcdC belongs to ribotype 705 (RT705). A summary of C.
difficile toxin profiles is presented in Table 1. The pro-
portions of different toxin profile groups (toxin A, B, and
CDT) by year were shown in Fig. 3, and CDTþ strains were
first identified in 2013.

Fluoroquinolone resistanceeassociated QRDR
mutations

FQ resistance in C. difficile isolates might be contributed by
the spread of AþBþCDTþ epidemic strains, such as RT027
and RT078.53 We investigated QRDR mutations in gyrA and
gyrB in all included strains (Table 1), and ribotyping of the
strains with relevant mutations in gyrA or gyrB was per-
formed. All 22 toxigenic strains harbored Thr82Ile in gyrA
and no mutation in gyrB. Of 24 nontoxigenic strains, mainly
RT010 (6 strains) and RT039/2 (9), gyrA or gyrB mutation
was observed in 16 (66.7%) strains, as illustrated in Table 2.

Ribotypes and genetic relatedness of RT127 strains

We identified 21 RT127 strains among all 21 RT078-lineage
marker-harboring AþBþCDTþ strains, based on the capillary
electrophoresis results (Fig. 4. No RT027 or RT078 strains
were found in this study. To clarify the genetic relatedness
of RT127 strains in Taiwan, we utilized MLVA to compare
these 21 strains and three distinct RT127 strains from three
Figure 1. Polymerase chain reaction profiles of different Clostrid
plex PCR (A) and a tcdA 30-end truncation screening (B). CCUG 3
toxigenic RT001 strain, harbors tcdA/tcdB and wild-type tcdC but
RT027 strain (AþBþCDTþ), harbors 18-bp deletion/D117A in tcdC; RT
harbors 39-bp deletion/C184T in tcdC; TNHP82, a RT017 strain (A
(Bioneer); NTC, no template control.

899
patients in southern Taiwan in 2011 (i.e., TNHP7, TNHP17,
and TNHP92).30 The MST revealed that all RT127 strains,
except TNHP7, formed a genetic related complex (STRD
�10) (Fig. 5). All but one (KLCG54 in 2013) of 21 RT127
strains and another strain from southern Taiwan (TNHP17)
could be clustered into a clonal complex (STRD �2). In the
clonal complex, 20 RT127 strains from the study hospital
demonstrated microevolution with single-locus variants,
which differed from the double-locus variant, TNHP17.
These data indicated that a RT127 clonal expansion
occurred at a hospital in 2014 and 2015 and could be linked
to a clinical isolate from southern Taiwan in 2011 (Fig. 5).

Discussion

We describe herein a rapid and reliable molecular approach
to investigate the toxin profile in clinical C. difficile strains.
ioides difficile ribotypes (RTs) are determined by a modified 8-
7780, a nontoxigenic RT060 strain (A�B-CDT-); CCUG 4938T, a
no binary toxin (AþBþCDT�); ATCC BAA-1805, a hypertoxigenic
078, a hypertoxigenic strain (AþBþCDTþ) from the Netherlands,

�BþCDT�), harbors wild-type tcdC; Marker, 100-bp DNA ladder



Table 1 Toxin gene typing and fluoroquinolone resistance-associated mutations of 86 clinical Clostridioides difficile strains
between 2009 and 2015.

Toxin A/B gene
(tcdA/tcdB)

Binary toxin gene
(cdtA/cdtB)

tcdC type RT078 lineage gyrA mutationa gyrB mutationa

AþBþ, 62 (72.1%) CDTþ, 21 (33.9%) 39-bp del./C184T, 21 (100%) 21 (100%) 21 (100.0%) 0 (0%)
CDT�, 41 (66.1%) Wild-type, 40 (97.6%) 0 (0%) 1 (2.5%) 0 (0%)

18-bp in-frame del., 1 (2.4%) 0 (0%) 0 (0%) 0 (0%)
A�B-, 24 (27.9%) CDT�, 24 (100%) None 0 (0%) 12 (50%) 4 (16.7%)

a Fluoroquinolone-resistant mutations of C. difficile identified by Spigaglia et al. (2010).
Note: The numeric data are strain numbers (percentages); del. Z deletion.

Figure 3. Annual distribution of 86 Clostridioides difficile
strains from diarrheal patients assigned into three groups
based on the profiles of toxin A, B, and CDT toxin.
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This molecular typing method revealed the emergence of
FQ-resistant hypertoxigenic RT127 strains, which caused
the clonal transmission of CDI at a hospital in northeastern
Taiwan between 2009 and 2015. Furthermore, the same
clonal complex found in C. difficile strains from different
geographic areas in Taiwan suggests microbiological sur-
veillance is required to further disclose the clonal com-
plexes circulating in the environment, community, and
hospitals in Taiwan.)
Figure 4. The ribotyping results of 21 AþBþCDT þ clinic

Table 2 Ribotype distribution and gyr mutations of 38 fluoroqu

C. difficile, strain number Gene Amino acid substitution

Toxigenic (AþBþ), 22 gyrA Thr82Ile

Non-toxigenic (A�B-), 16 gyrA Thr82Ile

gyrB Asp426Asn

900
A modified molecular typing algorithm of toxin genes was
utilized inthis study.The toxingenesofC.difficile isolatescan
be concurrently typed by an 8-plex PCR and a tcdA 30-end
truncation screening. This typing system also can be applied
directly to fresh fecal DNA samples (unpublished data).
Furthermore, since the RT078-lineage is the predominant
toxigenic type in Taiwan,31 we included a RT078-lineage
marker in the multiplex PCR. However, the attempt to incor-
porate the detection of truncated tcdA into a single reaction
fails, and a two-step algorithm is recommended.

In the present work, the number of RT127 strains
increasedover the studyperiod. Valienteet al. proposed that
an emerging ribotype might originate from a hypervirulent
lineage, such as RT027 or RT078, because of the similar ge-
netic background and niche adaptation.29,54,55 RT127 be-
longs to the RT078-lineage and sequence type (ST)-11 of the
clade 5 by MLST, and has been highly associated with live-
stock, especially swine and calves.56,57 Although FQ-
resistant RT127 strains were widespread in humans,30,31

swine,58,59 and slaughterhouses60 in Taiwan, zoonotic
transmission to human has not been directly demonstrated.
The common sources and reservoirs in the food chain and
environment may facilitate the transmission to human,
because the RT078 lineage isolates (RT078/126/127) have
been isolated from seafood, vegetables, soil, and waste-
water.61 Here, the clonal spread potential of RT078 lineage
al strains of Clostridioides difficile from 2013 to 2015.

inolone-resistant Clostridioides difficile strains.

Strain number (%) Ribotype Strain number (%)

22 (100%) RT127 21 (95%)
RT633 1 (5%)

12 (75%) RT010 2 (17%)
RT039/2 9 (75%)
RT596 1 (8%)

4 (25%) RT010 4 (100%)



Figure 5. Delineation of microevolution within RT127 strains by multi-locus variable-number tandem repeat analysis. Minimum
spanning tree (MST) analyses based on seven microsatellite loci on 21 clinical RT127 strains and 3 distinct RT127 strains (TNHP7,
TNHP17, and TNHP92) obtained from southern Taiwan in 2011. The numbers in circles are the sum of tandem repeats (STRs) and the
numbers near the lines between circles are the summed tandem repeat differences (STRDs). The asterisk (*) indicates the isolation
year of the strain differs from the others in the same STR-profile group.
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was further supported by the genetic linkage between a
clinical strain in southern Taiwan in 2011 and a collection of
clinical strains in northeastern Taiwan from 2013 to 2015.

It’s notable that RT127 isolates in the RT078 lineage
rarely infect humans in Asia apart from Taiwan.62 To date,
few studies focus on RT127 and its detailed clinical or
microbiological characterization is not well studied.
Although RT127 has the same toxin gene profile (AþBþCDTþ)
and a PCR-ribotyping pattern similar to that of RT078 or
RT126,23,24 the analysis of whole genome sequence shows
that RT126, but not RT127, has the closest similarity with
RT078 leading to the formulation of a genetic complex,
i.e., RT078/126.63 It is likely that these differences in
genomic composition between RT127 and the RT078/126
complex may affect the adaptive competition within the
RT078 lineage. However, the variations of clinical patho-
genicity and ecological distribution within the RT078 line-
age warrant further investigations.

FQ resistance in C. difficile is generally mediated by
chromosomal alteration in drug targets (i.e., DNA gyrase
subunits, gyrA and gyrB).64,65 Because FQ is not used as anti-
microbial therapy for CDI, the selection and maintenance of
FQ-resistant C. difficile isolates are not directly relevant to
clinical outcome. Herein, FQ resistance-associated gyrA/B
mutations were also observed in nontoxigenic RT010 and
RT039 strains. There are two implications for these findings.
First, the mutations identified in FQ-resistant strains dis-
played no in vitro fitness cost, suggesting that the resistant
phenotypes can be maintained in the nature, despite the
absence of antibiotic pressure,66 and such antimicrobial-
resistant strains may have competitive and adaptive advan-
tage in the hosts after antibiotic exposure. Second, FQ resis-
tancemaybe a zoonotic origin andbe related to antibiotic use
in agriculture and veterinary fields.20 Enrofloxacin has been
administered in poultry and livestock in Taiwan, and the FQ-
resistant population may subsequently enter the
ecosystem.67 Our previous studies demonstrated that the
RT078 lineage, esp. RT127, was predominant in swine and
often had gyrA mutations.58,59 Moreover, an international
901
investigation also revealed RT010 and RT039 could be isolated
from cattle, poultry, and pets.25

In spite of no inclusion of C. difficile isolates from the
animals or environments in northern Taiwan into the pre-
sent study, the possibility of interconnected C. difficile
transmission pathways among humans, animals, and envi-
ronment shall not be ignored.62 Thus, the implementation
of antibiotic stewardship in the hospitals and the restric-
tion of agricultural antibiotic use are urgently required.68

In Australia, the use of FQs is not approved in the meat
and livestock industry, and is limited in agriculture and
clinical medicine, which may explain the rarity of FQ-
resistant RT027 isolates.20 Therefore, epidemiological
monitoring programs should be continued and the origins of
clinical RT127 strains should be surveyed in Taiwan. The
virulence of the prevalent C. difficile isolates and their
correlation of clinical disease severity and outcomes war-
rant further investigations.

Conclusion

This study used a modified two-step molecular typing sys-
tem for clinical C. difficile isolates to rapidly confirm spe-
cies identification and disclose the toxin gene profile, and
further demonstrated the emergence of a FQ-resistant
RT127 clone causing a clonal transmission of CDI at a hos-
pital in northeastern Taiwan. The potential sources and the
spread extent of this prevalent clone are warranted to be
explored further.
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Cd isolates in this study.

Year KLCG Bacterial
DNA
internal
control

C. difficile
marker

RT078-
lineage

Toxin A Toxin B Binary toxin CDT Toxin negative regulator QRDR of gyrA
(213 bp)

QRDR of
gyrB

(390 bp)

Ribotyping

16S rRNA
(1062 bp)

tpiA
(340 bp)

Marker
(707 bp)

tcdA
(629 bp)

Wild-type
(369 bp) or
truncation
(110 bp)

tcdB
(410
bp)

cdtA
(221bp)

cdtB
(262 bp)

tcdC
(162 bp)

Deletions Mutations Allele
types

Mutations Allele
types

Mutations

2015 1 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

2 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

3 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

4 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

5 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
6 十 十 一 一 一 一 一 一 A0 B0
7 十 十 一 一 一 一 一 一 A0 B0
8 十 十 十 十 Wild-type

(369 bp)
十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

9 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

11 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

12 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

13 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

14 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

15 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

16 十 十 一 一 一 一 一 一 A6 B6-like
18 十 十 一 十 Wild-type

(369 bp)
十 一 一 Wild-type

(162 bp)
A3-like Without

Thr82 to Ile
B0

19 十 十 一 一 一 一 一 一 A0 B4 Asp 426
to Asn

RT010
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20 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

21 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

22 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

23 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

24 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

25 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

93 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT010
94 十 十 十 十 Wild-type

(369 bp)
十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

95 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

2014 26 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

27 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

28 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

29 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

30 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

31 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

32 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

33 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0-like Contain 1
new SNP

B0

35 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

36 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

37 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

40 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

41 十 十 一 一 一 一 一 一 A0 B0
42 十 十 一 一 一 一 一 一 A0 B0
43 十 十 十 十 Wild-type

(369 bp)
十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

(continued on next page)
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(continued )

Year KLCG Bacterial
DNA
internal
control

C. difficile
marker

RT078-
lineage

Toxin A Toxin B Binary toxin CDT Toxin negative regulator QRDR of gyrA
(213 bp)

QRDR of
gyrB

(390 bp)

Ribotyping

16S rRNA
(1062 bp)

tpiA
(340 bp)

Marker
(707 bp)

tcdA
(629 bp)

Wild-type
(369 bp) or
truncation
(110 bp)

tcdB
(410
bp)

cdtA
(221bp)

cdtB
(262 bp)

tcdC
(162 bp)

Deletions Mutations Allele
types

Mutations Allele
types

Mutations

44 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

45 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

46 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

New-1 Without
Thr82 to Ile

B0

47 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

48 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

49 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

50 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

51 十 十 十 十 Wild-type
(369 bp)

十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

2013 53 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
54 十 十 十 十 Wild-type

(369 bp)
十 十 十 Truncated 39 bp C184T A5 Thr82 to Ile B1 RT127

55 十 十 一 十 Wild-type
(369 bp)

十 一 一 Truncated 18 bp None A0 B0 RT705

56 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
57 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
58 十 十 一 十 Wild-type

(369 bp)
十 一 一 Wild-type

(162 bp)
A0 B0

59 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

60 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

61 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

62 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0
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2012 63 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

64 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT010
66 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT596
67 十 十 一 一 一 一 一 一 New-1 Without

Thr82 to Ile
B0

68 十 十 一 一 一 一 一 一 A3-like Without
Thr82 to Ile

B0

69 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
70 十 十 一 一 一 一 一 一 A3-lke Without

Thr82 to Ile
B0

2011 71 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
72 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
73 十 十 一 十 Wild-type

(369 bp)
十 一 一 Wild-type

(162 bp)
A0 B0

74 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

75 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

76 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

77 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

78 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

80 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A1 Thr82 to Ile B0 RT633

2010 81 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
82 十 十 一 十 Wild-type

(369 bp)
十 一 一 Wild-type

(162 bp)
A0 B0

83 十 十 一 一 一 一 一 一 A1 Thr82 to Ile B0 RT039
84 十 十 一 十 Wild-type

(369 bp)
十 一 一 Wild-type

(162 bp)
A0 B0

85 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

2009 87 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

88 十 十 一 一 一 一 一 一 A0 B4 Asp 426
to Asn

RT010

89 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A0 B0

(continued on next page)
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(continued )

Year KLCG Bacterial
DNA
internal
control

C. difficile
marker

RT078-
lineage

Toxin A Toxin B Binary toxin CDT Toxin negative regulator QRDR of gyrA
(213 bp)

QRDR of
gyrB

(390 bp)

Ribotyping

16S rRNA
(1062 bp)

tpiA
(340 bp)

Marker
(707 bp)

tcdA
(629 bp)

Wild-type
(369 bp) or
truncation
(110 bp)

tcdB
(410
bp)

cdtA
(221bp)

cdtB
(262 bp)

tcdC
(162 bp)

Deletions Mutations Allele
types

Mutations Allele
types

Mutations

90 十 十 一 十 Wild-type
(369 bp)

十 一 一 Wild-type
(162 bp)

A1-like Without
Thr82 to Ile

B0

91 十 十 一 一 一 一 一 一 A0 B4 Asp 426
to Asn

RT010

92 十 十 一 一 一 一 一 一 A0 B4 Asp 426
to Asn

RT010

B
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MLVA profile of RT127 strains.

No. Strain name Year A6 B7 C6 G8 H9 F3 E7 Summed
tandem-repeat (STR)

1 TNHP92 2011 0 16 30 21 2 5 6 80
2 TNHP7 2011 0 22 36 20 2 5 6 91
3 TNHP17 2011 0 18 23 19 2 5 6 73
4 KLCG44 2014 0 16 27 19 2 5 6 75
5 KLCG47 2014 0 16 26 19 2 5 6 74
6 KLCG40 2014 0 15 26 19 2 5 6 73
7 KLCG94 2015 0 16 26 18 2 5 6 73
8 KLCG54 2013 0 15 22 19 2 5 6 69
9 KLCG32 2014 0 16 26 19 2 5 6 74
10 KLCG08 2015 0 16 27 17 2 5 6 73
11 KLCG30 2014 0 15 26 21 2 5 6 75
12 KLCG12 2015 0 16 27 17 2 5 6 73
13 KLCG45 2014 0 16 27 19 2 5 6 75
14 KLCG28 2014 0 15 26 21 2 5 6 75
15 KLCG13 2015 0 16 27 17 2 5 6 73
16 KLCG01 2015 0 16 26 19 2 5 6 74
17 KLCG43 2014 0 16 26 19 2 5 6 74
18 KLCG48 2014 0 16 26 19 2 5 6 74
19 KLCG51 2014 0 16 26 19 2 5 6 74
20 KLCG31 2014 0 15 26 21 2 5 6 75
21 KLCG49 2014 0 16 26 19 2 5 6 74
22 KLCG95 2015 0 16 26 18 2 5 6 73
23 KLCG29 2014 0 15 26 21 2 5 6 75
24 KLCG50 2014 0 16 26 19 2 5 6 74
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