
Journal of Microbiology, Immunology and Infection 55 (2022) 977e981
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jmii .com
Short Communication
Hypervirulent Clostridioides difficile RT078
lineage isolates from the river: A potential
reservoir for environmental transmission

Chin-Shiang Tsai a,b,c, Ya-Lien Cheng d, Jung-Sheng Chen e,
Pei-Jane Tsai f, Bo-Yang Tsai g, Bing-Mu Hsu h, I-Hsiu Huang i,*
a Institute of Clinical Medicine, College of Medicine, National Cheng Kung University, Tainan, Taiwan
b Department of Internal Medicine, National Cheng Kung University Hospital, Dou-Liou Branch, College
of Medicine, National Cheng Kung University, Yunlin, Taiwan
c Department of Medicine, National Cheng Kung University Hospital, College of Medicine, National
Cheng Kung University, Tainan, Taiwan
d Department of Microbiology and Immunology, College of Medicine, National Cheng Kung University,
Tainan, Taiwan
e Department of Medical Research, E-Da Hospital, Kaohsiung City, Taiwan
f Department of Medical Laboratory Science and Biotechnology, College of Medicine, National Cheng
Kung University, Tainan, Taiwan
g Institute of Basic Medical Sciences, College of Medicine, National Cheng Kung University, Tainan,
Taiwan
h Department of Earth and Environmental Sciences, National Chung Cheng University, Chiayi, Taiwan
i Department of Biochemistry and Microbiology, Oklahoma State University Center for Health Sciences,
USA
Received 10 December 2021; received in revised form 27 March 2022; accepted 12 May 2022
Available online 4 June 2022
KEYWORDS
Clostridioides
(Clostridium)
difficile;

RT598;
RT126;
River;
Taiwan
* Corresponding author. Department
OK 74107, USA

E-mail address: george.huang@oks

https://doi.org/10.1016/j.jmii.2022.0
1684-1182/Copyright ª 2022, Taiwan S
BY-NC-ND license (http://creativecom
Abstract This is the first report to discover Clostridiodes difficile (C. difficile) ribotype
RT126 and RT598 (both ribotypes belong to RT078-lineage) in a river water system in southern
Taiwan. Fluoroquinolone resistance was also found. The connection between clinical isolates
and those from the environment needs further investigation.
Copyright ª 2022, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Clostridioides difficile (C. difficile), an anaerobic gram-
positive, spore-forming, toxin-producing bacillus, is the
major cause of C. difficile infection (CDI). CDI causes a
variety of gastrointestinal diseases, from asymptomatic
carriage, pseudomembranous colitis with uncontrolled
diarrhea, to fulminant disease with toxic megacolon or
even gut perforation.1 In the last two decades, hyperviru-
lent C. difficile strains, including ribotype (RT) 027 and 078,
have afflicted many developed countries. These hypervir-
ulent strains produce toxin A, toxin B, and binary toxin, and
often present fluoroquinolone resistance.2 In Taiwan, most
of the clinical toxigenic C. difficile isolates belong to the
RT078 lineage.3 Literature demonstrated that toxigenic C.
difficile of clinical importance can be found in the rivers.4

In this study, we described the first complete report about
toxigenic, hypervirulent C. difficile strains collected from
the river system in Taiwan.
Methods

Isolation of C. difficile from the river water sample

The samples were collected from river water in Chiayi,
Taiwan during different seasons in 2016. The exact loca-
tions for water sampling are shown in Fig. 1. Some of the
sampling sites were close to animal farms and hospitals. At
each sampling site, a water sample of approximately
1000 mL was collected for pathogen detection and was
transported to the laboratory at 4 �C within 24 h for anal-
ysis. The water sample was subsequently filtered with a
0.45 mm sterile syringe filter. The filtered samples were
inoculated on the culture medium with cycloserine,
cefoxitin, fructose, and egg yolk broth (CCFB agar) at 37 �C
in an anaerobic condition for 48 h. In the second selective
isolation, the isolates were cultured in cycloserine, cefox-
itin, fructose, and egg yolk agar (CCFA) at 37 �C for
24e48 h, and then the colonies of the C. difficile isolates
were confirmed by multiplex polymerase chain reaction
(PCR) as described below.

Multiplex PCR and ribotyping

A multiplex PCR detecting tcdA (encoding toxin A), tcdB
(encoding toxin B), tcdC (a negative regulatory gene for
tcdA and tcdB), cdtA and cdtB (encoding binary toxin) as
previously described5 were performed to confirm the C.
difficile isolates. If the strain contains a truncated tcdC, it
was then examined through tcdC sequencing, as previously
described.6 Detection of gyrase gene mutation in the
quinolone-resistance determining region (QRDR) was per-
formed by the method as mentioned in a prior study.7

Sequence analysis of gyrase A (gyrA) and gyrase B (gyrB)
was performed as previously described.8 The DNA region
was amplified using the primer pairs, gyrA1 þ gyrA2 for
gyrA and gyrB1 þ gyrB2 for gyrB. PCR products were puri-
fied and sequenced. Pairwise alignments of DNA sequences
were carried out using the BLAST server of the National
Center for Biotechnology Information. Ribotyping was also
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performed by using the Gel/PCR DNA Fragments Extraction
Kit (Geneaid Biotech, New Taipei, Taiwan) and separated
with the QIAxcel capillary electrophoresis system (Qiagen,
Hilden, Germany) using the “OM500” method and QX
Alignment Marker 15 bp/3 kb (Qiagen, Hilden, Germany).
The PCR ribotypes were confirmed by the WEBRIBO data-
base (http://webribo.ages.at).

Antibiotic susceptibility testing

The minimal inhibitory concentrations (MICs) were deter-
mined by the agar dilution method according to the Clinical
and Laboratory Standards Institute (CLSI) guidelines (M11-
A8). Metronidazole and vancomycin were tested at con-
centrations of 0.03e512 mg/L, and MIC breakpoints for
resistance are defined as �32 and � 16 mg/L, respectively.
MIC breakpoints for resistance to doxycycline and tigecy-
cline are defined as �8 and � 0.5 mg/L, respectively, ac-
cording to previous reports3 and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) version
6.0.16.

Multiple locus variable number tandem repeat
analysis (MLVA)

MLVA C. difficile have seven repeats loci (A6Cd, B7Cd, C6Cd,
E7Cd, F3Cd, G8Cd, and H9Cd), or so-called variable-number
tandem-repeat (VNTR) loci. Seven regions with short tan-
dem repeats spread over the genome. The samples were
analyzed by agarose gel electrophoresis (Major Science) and
all PCR products were STR sequencing by sequence company
(Genomics). The genetic relatedness between two isolates
was determined by the summed tandem repeat difference
(STRD) with the Manhattan coefficient algorithm. An STRD of
�2 was regarded as a clonal complex and an STRD of �10 as
a genetically related cluster. The minimum-spanning tree
was depicted by the Bionumerics version 7.6 (Applied Maths,
Austin, USA). The detailed methods of MLVA in this research
were mentioned in a previous study.9

Results

There were 29 water samples collected from rivers near
animal farms and hospitals in Chiayi (shown in Fig. 1), and 7
of them (24.1%) yielded C. difficile, as summarized in the
Table. Two samples (1IM02 and 4IM16) were collected near
the hospital wastewater sewage system, while the other
five (1G043, 1GM12, 1NP03, 3GM16 and 3NG01) were
collected near the animal farms. All C. difficile isolated in
this study were toxigenic and positive for tcdA and tcdB.
The PCR ribotyping demonstrated that two of the C. diffi-
cile isolates were RT633 (1IM02) and RT002 (1G043), and
one isolate (4IM16) could not be determined. The rest of
the four (1GM12, 1NP03, 3GM16, and 3NG01) possessed bi-
nary toxin with tcdC gene 39 bp deletion (C184T), sug-
gesting they were hypervirulent strains. Among the four
hypervirulent strains, three shared the same ribotype
RT126 (1NP03, 3GM16, and 3NG01), and one was RT598
(1GM12). Both RT126 and RT598 belong to RT078 lineage,
which has been known as the predominant strains in ani-
mals worldwide.10

http://webribo.ages.at


Figure 1. The sites of river water sampling in this study. Foot note: the river water samples were collected in four seasons
(SE01w04: spring, summer, fall, and winter, respectively) in the drainage area of Puzi River (thick grey line), which passes through
Chiayi County and flows into the Taiwan Strait. Each sample was given a code for identification. The codes begin with G, NG, GM, or
NP represent water samples collected near the animal farms, while those start with I or IM indicate samples collected near the
hospitals. The sampling sites were marked by small circles (surface water in Puzi River), small squares (near the livestock sewage
system), and small triangles (near the hospital sewage system). The sampling sites with positive C. difficile culture results were
represented by the codes with heavy black frames.
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The results of antibiotic susceptibility testing of the
seven C. difficile isolates were summarized in Table 1. Two
strains (1GM12 and 1NP03) showed resistance to fluo-
roquinolones including ciprofloxacin, levofloxacin, and
moxifloxacin. Further examinations of drug-resistant genes
were performed, and both isolates revealed amino acid
substitution Thr82Ile in the gyrA gene and Ser416Ala in the
gyrB gene. No antimicrobial resistance to metronidazole,
doxycycline, or vancomycin was found among the seven C.
difficile isolates.

MLVA of the seven C. difficile isolates were subsequently
performed. The minimum-spanning-tree (Fig. 2A) showed
3GM16 and 3NG01 (both RT126) were in the same clonal
complex (MLVA number 77, STRD Z 0), formed a genetic
cluster with 1GM12 (RT598, MLVA number 67, STRD Z 10),
but were not linked to 1NP03 (RT126, MLVA number 54).
MLVA of the rest of the four isolates showed they were not
genetically related. Further comparison (Fig. 2B) showed
Table 1 Characteristics of C. difficile isolates from river water

Strain code Ribotype Toxin gene Amin

tcdA tcdB cdtA/cdtB GyrA

1IM02 RT633 þ þ e e

1G043 RT002 þ þ e e

1GM12 RT598 þ þ þ Thr82I
1NP03 RT126 þ þ þ Thr82I
3GM16 RT126 þ þ þ e

4IM16 Unknown þ þ e e

3NG01 RT126 þ þ þ e

MX, moxifloxacin. LVX, levofloxacin. CIP, ciprofloxacin. MZ, metronid
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the seven C. difficile isolates were not associated with the
28 reference RT126 isolates from pigs and CDI patients.11
Discussion

To our knowledge, C. difficile RT598 had never been
identified in Taiwan until we performed this study, and it
was the first time to discover hypervirulent C. difficile
RT126 in the river water in Taiwan. Both RT126 and RT598
belong to the RT078 lineage; the former has been found in
the nationwide surveillance of toxigenic C. difficile isolates
from CDI patients and animals in Taiwan,3 while the latter
has only been reported in studies focusing on livestock and
poultry.12

Since this study focused on the transmission of toxigenic
and even hypervirulent C. difficile strains, a one-step
multiplex PCR including tcdA, tcdB, cdtA and cdtB was
samples in this study.

o acid substitution MIC, mg/L

GyrB MX LVX CIP MZ VA

e 1.0 2.0 4.0 0.38 0.19
e 1.0 2.0 6.0 0.064 0.38

le Ser416Ala >32 >32 >32 0.125 0.75
le Ser416Ala >32 >32 >32 0.125 0.75

Ser416Ala 0.38 1.5 4.0 0.094 1.0
e 0.5 1.5 4.0 0.094 0.25
Ser416Ala 0.38 1.5 4.0 0.125 0.75

azole. VA, vancomycin.



Figure 2. Minimum-spanning-tree analysis of multiple locus variable-number tandem repeat analysis (MLVA) of the C.
difficile isolates from the river water samples in this study. Foot note: 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). (A) MLVA of the seven
C. difficile isolates collected in the river water in this study. The isolates R20291 and DPS630 were the reference strains. (B) MLVA
of the seven C. difficile isolates with other C. difficile isolates from animals and humans with similar ribotypes or lineages.
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performed to confirm the yielded isolates from the CCFA
and CCFB agars. Therefore, only toxigenic C. difficile iso-
lates were collected for further analysis. Among the four
hypervirulent isolates in this study, two (50%) presented
fluoroquinolone resistance, with amino acid substitution of
gyrase A (Thr82Ile), compatible with a previous investiga-
tion on RT078 lineage in Taiwan, in which Thr82Ile was
detected among 58% of the 114 hypervirulent isolates
collected from pig farms.13

Although three C. difficile isolates in this study were
closely related, the MLVA results showed water samples
from the same river basin could yield disparate C. difficile
strains, even the same ribotype (RT126), since they may
originate from different sources, similar to the results of a
previous study.14 Further analysis did not show a close ge-
netic relationship between C. difficile from river water in
our study and those from CDI patients as well as animals. It
is possible because these isolates were not collected in the
same period of time or the identical geographic region.
Further investigation should be considered to compare C.
difficile from the river with those from hospitals or animal
farms in proximity.

In conclusion, we demonstrated the first report of
hypervirulent C. difficile detected in river water in Taiwan.
With the emerging threat of community-onset CDI, the
route of transmission in the environment should be clari-
fied. Our study results supported the evidence that CDI
should be considered a “one-health” public health issue,
and more investigations should be performed to examine
the connection between clinical isolates and those from the
environment shortly.
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