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Abstract

[Background]  Clostridioides difficile infection (CDI) is a major cause of antibiotic-associated diarrhea in
hospitalized patients and in patients residing in long-term care facilities. The epidemiology, including the preva-
lence of binary toxin (CDT") producing strains, known as hypervirulent, and the clinical characteristics of CDI are
less well known in Japan than in the United States and Europe. Here, we investigate the prevalence of toxin-pro-
ducing genes of clinical isolates by polymerase chain reaction (PCR) and the clinical features of patients with CDI
at our hospital over a 6-year period.

[Methods] ~ As part of a retrospective study at Tokyo Medical University Hospital, C. difficile strains were
isolated from the stool of patients with CDI and positive glutamate dehydrogenase (GDH) antigen results and/or
positive toxin results between June 2010 and May 2016. We investigated the prevalence of toxin-producing
genes, their clinical characteristics, laboratory findings, severity, recurrence, all-cause mortality within 14 days,
and cure rate for each antibiotic used.

[Results] A total of 49 C. difficile strains were analyzed, including 46 strains that were GDH antigen posi-
tive. A total of 25 strains (51.0%) were toxin A positive, toxin B positive, and CDT negative (A'B'CDT "), 16
(32.7%) were A"B'CDT ", 7 (14.3%) were A" B CDT ", and 1 (2.0%) was A'B'CDT'. Thirty-two cases were
used for the subsequent analysis while excluding 7 cases in which non-toxin-producing strains were isolated, 5
cases for which clinical information was not available, and 5 cases in which CDI was not diagnosed. The mean
patient age was 63.1 =22.3 and 82.0 £6.5 years among the group of patients who survived (surviving-patients
group) and the group of patients that died (dead-patients group), respectively (p = 0.196). Sex, underlying dis-
eases, antibiotics and clinical data were similar among the surviving-patients group and dead-patients group.
Nine A'B'CDT " strains (52.9%), ten A" B'CDT "~ strains (71.4%), and one A'B'CDT" strain (100.0%) caused
severe CDI cases (p = 0.582), respectively. Only one recurrent CDI case was recorded in one A B'CDT ™ case
(3.1%) (p = 0.323). All-cause mortality within 14 days occurred in two A'B'CDT" cases (11.7%) and one
A"B'CDT" case (7.1%) (p = 0.605). The clinical cure rates were 50.0% in the MTZ and 85.7% in the VCM
among mild cases and 62.5% in the MTZ and 66.7% in the VCM among severe cases, respectively, excluding two
cases of unclear severity of CDI and one case of no treatment.

[Conclusions]  The prevalence of A'B'CDT ", A"B'CDT , A" B CDT, and A'B'CDT" strains of C. diffi-
cile in this Japanese cohort study were 51.0%, 32.7%, 14.3%, and 2.0%, respectively. The severity, recurrence,
and mortality rates were similar in our study, irrespective of the presence or absence of toxin A or toxin B.
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Introduction

Clostridioides difficile, a spore-forming anaerobic
gram-positive bacillus, is a major cause of diarrhea in
hospitalized patients and in patients residing in long-term
care facilities"”.  Clostridioides difficile infection (CDI)
is generally mediated by toxins A and B. The strains
producing binary toxins [C. difficile transferase (CDT)]
have been reported to be hypervirulent and associated
with fulminant cases. According to a surveillance study
conducted in 2011, the estimated numbers of incident
cases, cases of first recurrence, and deaths linked to CDI
cases in the United States amounted to 453,000, 83,000,
and 29,300, respectively’. Moreover, CDT" strains,
such as restriction endonuclease analysis group BI, North
American pulsed-field gel electrophoresis type NAP1,
and polymerase-chain-reaction (PCR) ribotype 027, have
been associated with high mortality rates and more
severe CDI?Y. Patients with CDT" status experience
higher case-fatality rates, irrespective of the PCR
ribotype”. The effects of CDT" rely on two compo-
nents, which act cooperatively to intoxicate cells, and
result in the collapse of the actin cytoskeleton®. North
American and European outbreaks caused by CDT"
strains, including PCR ribotype 027, remain a worldwide
concern”. However, epidemiological reporting of CDI
in Japan is lacking due to an insufficient surveillance
system. Although a systematic review suggested that
the incidence, prevalence, and recurrence rates of CDI in
Japan were 0.8 to 4.71/10,000 patient-days, 0.3 to
5.5/1,000 patients, and 3.3% to 27.3%", respectively, few
studies assessing CDI severity according to variations in
the toxins produced have been published. Most C. diffi-
cile strains are toxin A positive, toxin B positive, and
CDT (A'B'CDT"), and CDT" strains seem as well to be
particularly rare (0%-6.8%) in Japan®. In this study, we
investigated the proportions of strains with toxin A, toxin
B, and CDT positivity and negativity, respectively, by
clinical sampling, and assessed the severity, recurrence
rate, all-cause mortality within 14 days, and clinical cure
rate of CDI.

Methods

We conducted a retrospective analysis study in Japan,
which included patients with initial and recurrent CDI
identified at Tokyo Medical University Hospital (TMUH)
(n = 1,015 beds) between June 2010 and May 2016. A
total of 49 C. difficile strains were cultured from the stool
of patients with CDI and a positive stool test result for C.
difficile glutamate dehydrogenase (GDH) antigen and/or
toxin using the C. DIFF QUIK CHEK COMPLETE" test
(TechLab, Inc., Blacksburg, VA, USA), TOX A/B QUIK
CHEK® test (TechLab, Inc., Blacksburg, VA, USA) or
GE test immunochromato-CD GDH/TOX [ Nissui |
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(Nissui Pharmaceutical Co., Ltd., Ueno, Tokyo, Japan).
Toxin-producing genes were analyzed by real-time
polymerase chain reaction (QPCR). Deoxyribonucleic
Acid (DNA) was extracted using CellEase Bacteria II
(Biocosm Inc. Amagasaki, Japan) followed by the
detection of #pi (triose phosphate isomerase), tcdA/B (C.
difficile toxin A/B), and cdtB (binary toxin B) genes by
gPCR (Thermal Cycler Dice™ Real-time System Lite,
Takara Bio Inc. Kusatsu, Japan) CDI PCR mixtures were
prepared by mixing each of primer pairs, SYBR"™ Premix
Ex Taq (Perfect Real Time, Takara Bio. Inc.), distilled
water, and sample DNA. gPCR was performed under the
following conditions : denaturation at 95°C for 30
seconds, followed by 40 cycles of 95°C for 5s and 60°C
for 30 seconds”. CDI was defined as diarrhea (at least
three unformed bowel movements [types from 5 to 7 on
the Bristol stool scale] within 24 h). Severe CDI was
defined as a Zar score of at least two points (1-8 points
possible). Recurrent CDI was defined as a new episode
of CDI after clinical cure of the baseline episode, which
was in turn defined as the absence of diarrhea for 2
consecutive days following completion of antibiotic
therapy administered for a minimum of 16 days. The
clinical cure rates in patients requiring a change of
antibiotics during treatment were analyzed according to
their initial treatment group, i.e., the metronidazole
(MTZ) or vancomycin (VCM) group. Initial treatment
was decided by each patient’s primary physician, and the
treatment medicines were MTZ and VCM ; fidaxomicin
(FDX) was not available as an option. The physicians
of the Department of Infection Prevention and Control
advised the primary doctors where appropriate. After
data collection, the following patient information was
analyzed : age, sex, underlying diseases, severity of the
disease, preantibiotic and/or preantifungal administration,
proton pump inhibitor or histamine-2-receptor antagonist
use, clinical symptoms, laboratory findings, clinical cure
rate, recurrence rate, and rate of all-cause mortality
within 14 days. In this study, we did not analyze the
clinical characteristics of CDI cases without any toxins.
Statistical analysis was performed using the Statistical
Package for the Social Sciences for Windows, version 24
(IBM Corporation, Armonk, NY, USA). Categorical
variables were evaluated with the chi-squared test, the
Fisher’s exact test or the Kruskal-Wallis test.
Continuous variables were evaluated using the two-
sample t-test. Normality was assessed with the
Shapiro-Wilk test. All p-values of 0.05 or less were
considered to be statistically significant. This study was
approved by the TMUH institutional review board
(approval no. SH3641) ; after obtaining this approval,
we communicated the details of this study to patients
through the TMUH homepage, thus allowing them to
either consent or refuse participation in this study.
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Results

A total of 49 strains of C. difficile were analyzed. Of
these, 46 strains were glutamate dehydrogenase (GDH)
antigen positive, 25 (51.0%) were A'B'CDT ", 16
(32.6%) were A"B'CDT ", 7 (14.2%) were A"B CDT ",
and 1 (2.0%) was A'B'CDT".  Ultimately, among the 49
strains, 7 were excluded because they failed to produce
any toxins. In the 42 remaining strains, 5 originated
from patients with no related clinical information and 5
did not cause CDI. Consequently, we obtained clinical
data from 32 cases. The 32 clinical characteristics of
patients at the time of enrollment are shown in Table 1.
The mean patient age was 63.1 =22.3 years among sur-
viving-patients group and 82.0 £ 6.5 years among the
dead-patients group (p = 0.690). There were 20 men
(70.0%) among the surviving-patients group and 2 men
(66.7%) among the dead-patients group. Underlying
diseases in the surviving-patients group included human
immunodeficiency virus (HIV) (6.9%), solid cancer
(3.4%) hematologic malignancy (13.8%), steroid use
(6.9%), chronic kidney disease (CKD) (13.8%), neutro-
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penia (6.9%), and diabetes mellitus (DM) (27.6%).
Underlying diseases in the dead-patients group included
HIV (0.0%), solid cancer (0.0%) hematologic malig-
nancy (33.3%), steroid use (33.3%), CKD (0.0%), neu-
tropenia (0.0%), and DM (0.0%). Although the penicil-
lins and cephalosporins with/without f-lactamase
inhibitor had previously been administered to 22 patients
(75.9%) in the surviving-patients group and 3 patients
(100.0%) in dead-patients group, no differences were
found among the two groups (p = 0.464, 0.356),
respectively. Some fluoroquinolone and Vancomycin/
Daptomycin/Linezolid had previously been administered
among the surviving-patients group and the dead-
patients group (p = 0.660, 0.660). Cases with a white
blood cell count of greater than 15,000/uL, albumin level
of less than 2.5 g/dL and temperature of greater than
38.3°C were similarly found among the surviving-
patients group and dead-patients group (p = 0.184, 0.420,
0.590). We studied the association between toxin type,
CDI severity, recurrence, and all-cause mortality among
the 32 included CDI cases (Table 2). No significant dif-
ferences were observed among toxin types in severity,

Table 1. Characteristics of patients in the surviving-patients and dead-patients groups for C. difficile

infections

Characteristics Survrlzvzlnzgg— %E,Zl)ents’ De;ild:—%ezgl/z:;l ts, Vafl)ue
male 20 (70.0) 2 (66.7) 0.690
(sgflgaf(‘fdagvyizgfn) 63.14+223 82.0+ 6.5 0.196
Underlying disease
Diabetes mellitus 8(27.6) 0(0.0) 0.408
Neutropenia 2(6.9) 0(0.0) 0.340
Chronic kidney disease 4(13.8) 0(0.0) 0.660
Solid cancer 1(3.4) 0(0.0) 0.906
Hematologic malignancy 4(13.8) 1(33.3) 0.410
HIV 2(6.9) 0(0.0) 0.737
Steroid use 2(6.9) 1(33.3) 0.340
Pr(’tg?fl‘zlng]l’oﬁhe‘f“m 12 (41.4) 2(66.7) 0.644
Antibiotics®
without lactamase mhibior 22(759) 3(1000) 0464
Penicillin/cephalosporin
with B-lactamase inhibitor 18 (62.1) 1(33.3) 0.356
Carbapenem 7(24.1) 2 (66.7) 0.184
Fluoroquinolone 4(13.8) 0(0.0) 0.660
Vancomycin/Daptomycin/Linezolid 4(13.8) 0(0.0) 0.660
Clinical data®
WBC > 15,000/uL 7 (24.1) 2 (66.7) 0.184
Albumin < 2.5 g/dL 11 (37.9) 2 (66.7) 0.420
Temperature > 38.3°C 5(7.2) 1(33.3) 0.590

* Within 12 weeks before diagnosis of C. difficile infection, * At time of C. difficile infection

diagnosis

(
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Table 2. Association among toxin type, CDI severity, recurrence, and mortality
Type of toxin Total A"B*CDT" A B*CDT A*B* CDT* P value
P n (%) n (%) n (%) n (%)
Overall 32 17 14 1
Age > 60 years 22 (68.7) 11 (64.7) 11 (78.5) 0(0.0) 0.329
Temperature > 38.3°C 5(15.6) 3(17.6) 2(14.2) 0(0.0) 0.597
WBC > 15,000/uL 9(28.1) 6(35.2) 2(14.2) 1 (100.0) 0.180
Alb<2.5 g/dL 13 (40.6) 7 (41.1) 5(35.7) 1 (100.0) 0.756
Mild 10 (31.2) 7 (41.1) 3(21.4) 0(0.0)
Severe 20 (62.5) 9(52.9) 10 (71.4) 1 (100.0) 0.582
Unclear 2(6.2) 1(5.8) 1(7.1) 0(0.0)
Recurrent CDI 1(3.1) 0(0.0) 1(7.1) 0(0.0) 0.542
All-cause mortality
within 14 days 3(9.3) 2(11.7) 1(7.1) 0(0.0) 0.575

Table 3. Clinical cure rate of C. difficile infection according to severity and initial

treatment

No. of patients clinically cured/

no. of patients’ initial treatment (%)

Severity OR (95% CI) P value
MTZ VCM
. 6.00
Mild 1/2 (50.0) 6/7 (85.7) (0.18.196.28) 0.41
1.20
Severe 5/8 (62.5) 8/12 (66.7) 0.18-7.77) 0.61
. . 1.87
All 6/10 (66.6%) 14/19 (73.6%) (0.37-9.49) 0.36
recurrence and all-cause mortality within 14 days (p = Discussion

0.582, 0.323, 0.605). Recurrence was found in only one
case, and mortality from all-cause within 14 days
occurred in three cases. We also identified that the sin-
gle A'B'CDT" strain triggered toxic megacolon, which
presented as fulminant colitis. In fact, this patient
required a temporary colostomy, and VCM was adminis-
tered via colostomy in concert with the administration of
a VCM enema and oral MTZ and VCM medications.
We studied the clinical cure rate in the MTZ and VCM
initial treatment groups between mild and severe CDI
cases (Table 3), and found that the clinical cure rates
among severe cases were 62.5% and 66.7%, respectively.
Furthermore, the clinical cure rates among mild cases
were 50.0% in the MTZ group and 85.7% in the VCM
group. From 29 cases, we excluded 2 cases of unknown
severity and 1 case of no treatment, and the clinical cure
rate of MTZ used as initial therapy was similar to the
clinical cure rate of VCM used as initial therapy for CDI.
Four cases of severe CDI in the MTZ group improved
after switching from MTZ to VCM. One case of severe
CDI in the VCM group required additional immunoglob-
ulin. Finally, one case was a fulminant case caused by
the documented A'B"CDT" strain.

A 2011 surveillance study in the United States reported
that NAP1 CDT" strains totaled 18.8% of community-
associated CDI cases and 30.7% of healthcare-associated
CDI cases, respectively’. A European surveillance
study in 2013 reported that CDT genes were present in
38% of isolates'”. In contrast, there are few CDT"
cases in Asia. PCR ribotype 027 that is a hypervirulent
strain was found in only 0.7% of cases in Hong Kong'".
A systematic review from Japan suggested that CDT"
strains were the cause of 0% to 6.8% of cases, and that
hypervirulent ribotypes 027 and 078 were rare®. To the
best of our knowledge, only 3 Japanese cases of CDI
were caused by the PCR ribotype 027 strain until 2021'*'.
Meanwhile, CDI cases caused by CDT" strains other than
PCR ribotypes 027 or 078 are sporadic in Japan''®.
Because binary toxin could not be checked by commer-
cial based test in Japan, hypervirulent strains may be
underdiagnosed. We would be remiss if we failed to
highlight this threat.

In this study, the rates of recurrence and all-cause
mortality within 14 days were also similar between the
A'B" and A" B” strains (Table 2). Toxin A leads to
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inflammation, increased mucosal permeability, fluid
secretion, and tissue damage. Toxin B has pathogenic-
ity provided that prior intestinal damage is present during
administration with toxin A. Therefore, toxins A and B
may act synergistically'”. However, detection of toxin
A and/or B in clinical research is not attributed to the
development of severe CDI or mortality”'®. However,
the sample sizes of both mild and severe CDI groups
were small. The recurrence rate of Japanese CDI was
lower than that of the United States, China and European
countries'”. Mikamo et al. discussed the rarity of
hypervirulent strain of C. difficile in Japan as one of the
reasons of low recurrent rate”. Because there was only
1 case of CDT" in our study, the recurrent rate might be
low. Consequently, it is difficult to predict the severity
of CDI according to the presence of toxin A and/or B
based on this study. We judged the severity of CDI with
Zar score which consisted of 4 variables, including age,
in this study. The mean age was 70.0 years in the
severe CDI group and 53.3 years in the mild CDI group.
The patients of the severe CDI group were older than the
mild CDI group. The preferred initial treatment for
CDI in the United States is FDX, with VCM being the
alternative option®’. MTZ is an alternative for nonse-
vere CDI if both FDX and VCM are unavailable. Due
to unavailability of FDX during the study period, FDX
was not administered. The first choice of treatment for
nonsevere CDI in Japan is MTZ rather than VCM*.
The clinical cure rate of MTZ as the initial treatment for
mild CDI was not different from that of VCM in this
study (Table 3). Four of seven cases treated initially
with MTZ required a switch to VCM. One patient
undertaking this change experienced recurrence, and
another patient died within 14 days from initial treatment.
Consequently, clinicians should be extremely careful
when treating severe CDI with MTZ. Although IDSA
guidelines recommended FDX for initial CDI because
FDX had lower recurrence rates®”, FDX is not recom-
mended for initial CDI in Japan because Japanese date of
FDX for CDI is lacking’®. The recurrence rate was
only 3.1% in our study. There is lacking evidence that
FDX for initial CDI will be first-line therapy in Japan.
Our study has certain limitations.  First, this study was a
single-center retrospective observational study, and thus,
the number of included cases was small. Although the
prevalence of hypervirulent strains of C. difficile in Japan
is low, this may increase in the future, and a systematic
surveillance system for CDT" strains is now required.
Second, we did not investigate all ribotypes because this
study aims to determine whether CDT has a clinically
important impact that lead to severe CDI, recurrence and
high mortality. However, the single CDT" strain identi-
fied in this study was PCR ribotype 027. Third, we col-
lected clinical data from CDI cases from strains identi-
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fied at the Department of Microbiology at Tokyo Medical
University, and there is a possibility that a strain of CDT"
was missing from these records. Fourth, we could not
follow up after discharge from hospital. Therefore, the
recurrence rate might be underrepresented.

Conclusions

The prevalence of A’ B'CDT , A" B'CDT , A B~
CDT , and A'B'CDT strains of C. difficile in this Japa-
nese cohort study were 51.0%, 32.7%, 14.3%, and 2.0%,
respectively. The severity, recurrence, and mortality
rates were found to be similar in our study irrespective of
the presence or absence of toxin A or toxin B.  The clin-
ical cure rates of MTZ and VCM used as the initial treat-
ment were also similar.
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e C CDISEBI 2> 5 438 X 72 C. difficile @ PCR MALIC & 2 B A B R T ORA IR & BRI oW TR
L7

(x5 & ] B ERIRFEHBE COB AR EI7EE LT, 2010 4 6 A5 5 2016 4 5 H ORI CDLIEBIOfE D> & 45
BES N7z GDH HUEIGIE £ 7213 b F 2 Vptkk 2 7z, SR EIAT. BEOMRIRFEL M /. EiE
FE. TS, 14 HIE, I L - B MEROBER 2 AL 7.

(#62] C difficile D 49 ¥ % fEHT L. 46 A% GDH HUE M CTH o 720 BRELEBMLETOREIRILIZ. toxin A FBtEAH
 toxin B B3 74> Binary toxin &% (A*B*CDT™) 25 ¥k (51.0%) . toxinA F&1%:2>D toxinB B4 Binary toxin F&1%
(A"B*CDT™) 16 £ (32.7%) . toxinA F&14: 22D toxinB f&1E 2> Binary toxin &1 (A"B"CDT™) 7 # (14.3%). toxinA
B4 D toxinB [ 2 Binary toxin B (AYBCDT™) 1 #k (2.0%) TdH o720 BRIEFEAEME 7 B, FERIEHRIAN
+457% 5 6. JE CDI 5 Bl % B4 L 72 32 B O B IR A 458 % Meid L 720 FI4ERNE A A7 B C 63.1£22.3 . EIEHIT
82065 T o7z (p=0.196) MEH. FEEERE, BATHEIE., BIKT— 7 3EFHLBCHTE TV,
ATB*CDT™ (£ 9l (52.9%). ATBTCDT™ X 10 ffl (71.4%). A*BTCDT" (£ 1 6 (100%) 2SEIEHFI7Z 5720 5 CDI
12 ATBTCDT™ @ 1 B (3.1%) 124 U720 14 HAETSIZ 2 61 (11.7%) @ A"B*CDT .1 61 (7.1%) @ A*B*CDT™ T4 U7z,
B BIE I O A, BIER Tl MTZ 2% 5- L 72 50% & VCM % #5- L 72 85.7%. FIERI TIE MTZ 2% 5- L 72
62.5%+ VCM %Z#5-1L 72 66.7% T 72,

[KEEw] ARBFZEIC BT 5 C difficile D b % 3 Y BEPEZRIE ATBYCDT™ 28 51.0%. A"B'CDT™ %% 32.7%. A"B"CDT™ #°
14.3%. A*BTCDT" 252.0% T&H o720 BEAEE. I, 14 HIBETCIZ toxin A F 7213 toxin B DF M2 H & FRIKET
Ho7z,
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