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ABSTRACT Little is known about the clinical characteristics of Clostridium difficile in-
fection (CDI) in Asia in general, and Thailand specifically, with a few studies suggest-
ing that the disease may be milder than elsewhere. This study aimed to describe
CDI in Thailand, evaluate treatment options and their outcomes, and explore possi-
ble protective factors responsible for any unique disease characteristics. From 2015
to 2018, 469 patients were included in the study. All patients had their stools tested
for the tcdB gene by direct PCR and detection of toxigenic C. difficile by culture. C.
difficile isolates were subjected to toxin gene profiling and ribotyping, and patient
medical records were reviewed retrospectively. There were 248 and 221 patients in-
cluded in CDI and control groups, respectively. The CDI group had a higher overall
30-day mortality rate than the control group (21% versus 14%, P � 0.046), but only 2
deaths (1%) were directly attributable to CDI. Metronidazole treatment was not infe-
rior to vancomycin in this population, and vancomycin was associated with a higher
30-day mortality rate (P � 0.047). The prevalence of severe CDI and disease out-
comes were not different between patients infected with A–B� C. difficile and
A�B� C. difficile strains or between patients with and without colonization by non-
toxigenic C. difficile. Besides C. difficile-specific tests, neither a single laboratory result
nor a combination of results was predictive of CDI. In conclusion, CDI in Thailand
was relatively mild, and metronidazole remained an effective treatment option for
these mild infections.
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Clostridium difficile (also known as Clostridioides difficile) infection (CDI) has been a
major public health problem in high-income countries for more than 2 decades. In

the latest antimicrobial resistance threats report by the U.S. Centers for Disease Control
and Prevention, C. difficile remains in the group of pathogens posing an urgent threat
in the United States, having caused at least 12,800 deaths in 2017 (1). CDI was
responsible for almost half the nosocomial gastrointestinal infections and around 8% of
all nosocomial infections in a 2012 pan-European study (2). In both North America and
Europe, CDI often results in severe colitis with high mortality, as well as a high
recurrence rate among surviving patients (1, 3).

In Asia, the characteristics of CDI are less well described, although it appears that CDI
in the region is associated with milder disease. Two clinical studies in Thailand (4) and
South Korea (5) reported recurrence rates of 3% and 16%, respectively, compared to
around 20% worldwide (6) with an increasing rate in North America (7). The mortality
rate in Asia was also low (1% and 3% in the two studies) (4, 5). Previously, it was
believed that milder presentations of CDI in Asia were due to the absence of “hyper-
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virulent” C. difficile ribotypes (RTs), such as RT 027; however, more recent studies have
suggested that C. difficile RT 027 does not necessarily cause more severe CDI (8). C.
difficile RT 017 is often a dominant strain in Asia and has caused outbreaks of severe CDI
globally (9). Thus, it is unlikely that these differences in C. difficile epidemiology would
account for differences in clinical characteristics.

Recently, there has been an update in the Infectious Diseases Society of America
(IDSA)/Society for Healthcare Epidemiology of America (SHEA) treatment guidelines for
CDI. Vancomycin is now recommended as the sole agent of choice for the treatment of
both mild and severe CDI (10); however, metronidazole continues to be the primary
agent used in Thailand. Whether metronidazole treatment is inferior to vancomycin in
this population remains unclear. Furthermore, recently in Thailand, there were out-
breaks caused by vancomycin-resistant enterococci (VRE) in many tertiary care hospitals
that were directly due to the overuse of vancomycin (11, 12). The 30-day mortality rate
for VRE infection was 58% in one study (12), much higher than that of CDI in Thailand
(4). Whether the presence of VRE has an impact on the outcomes of patients treated for
CDI with vancomycin remains unknown.

This study describes the clinical characteristics of CDI in a tertiary care hospital in
Thailand, the treatment regimens used, and the outcomes of disease. It also explores
factors that may be responsible for milder disease presentations, such as colonization
with nontoxigenic C. difficile (NTCD).

MATERIALS AND METHODS
Study population and specimen transfer. This study was conducted at Siriraj Hospital, a 2,061-bed

tertiary care teaching hospital in central Thailand, from 2015 tot 2018. The study population included all
diarrheal patients above 15 years of age who (i) had a complete medical record of the diarrheal episode,
(ii) had a stool sample submitted for the detection of toxigenic C. difficile, and (iii) had a sufficient amount
of stool sample for further testing at the reference laboratory. A diarrheal episode was defined as a new
onset of �3 unformed stools within 24 h. The diarrheal episode was considered resolved when the
patient started producing formed stools or the stool frequency decreased to �2 stools in 24 h. At the
hospital, each stool sample was tested for the presence of the C. difficile tcdB gene using the BD MAX
Cdiff assay (Becton, Dickinson, USA) and was then sent at ambient temperature by courier (transit time
of �72 h) to a reference laboratory in Perth, Western Australia, Australia, for isolation and characteriza-
tion of C. difficile. Patients whose diarrheal episodes were not due to other causes (e.g., other gastroin-
testinal infections, laxatives, or the effects of other drugs) who tested positive by both PCR detection of
tcdB and culture of toxigenic C. difficile were classified in the CDI group. Patients who tested negative by
either test or whose diarrheal episodes were due to other causes were classified in the control group.

C. difficile culture and strain characterization. At the reference laboratory, stool samples were
cultured anaerobically for C. difficile on ChromID C. difficile agar (bioMérieux, France) (13) and in an
enrichment broth as previously described (14), and all C. difficile isolates were characterized using toxin
gene profiling and PCR ribotyping (15–18). Because of the high prevalence of NTCD in South-East Asia
(19, 20), each stool sample was also tested for the presence of NTCD. Briefly, the stool samples were
inoculated into Robertson’s cooked meat broth supplemented with 5 mg/liter gentamicin, 8 mg/liter
cefoxitin, and 250 mg/liter cycloserine (CMB-GCC) (PathWest Media, Australia) and incubated at 35°C for
at least 5 days. After incubation, 1 ml of CMB-GCC was treated with 1 ml of absolute ethanol for 1 h. A
10-�l aliquot of the ethanol-shocked CMB-GCC was then inoculated onto horse blood agar and
incubated anaerobically for 48 h. DNA extraction of all the growth on each plate was performed using
5% Chelex suspension (Sigma-Aldrich, Australia). Each DNA sample was screened for NTCD using
lok1-lok3 PCR as described by Braun et al. (21). All stool samples testing positive by lok1-lok3 PCR were
recultured, and a strain of NTCD from each sample was isolated and characterized as described above.
These patients were considered to be colonized by NTCD.

Patient data collection. All patient data were acquired from the Siriraj Hospital patient database. If
the patient had multiple episodes of diarrhea, only the details of the first episode were recorded.
Charlson’s comorbidity index was used to compare the severity of comorbid disease (22). The severity of
CDI was evaluated using both Zar criteria (23) and the recommended IDSA/SHEA method (10). For the
Zar criteria, each patient was given 1 point for each of the following parameters: body tempera-
ture � 38.3°C, age � 60 years, total white blood cell (WBC) count � 15,000 cells/mm3, and plasma albu-
min � 2.5 mg/dl. Each patient was also given 2 points if he or she required admission in an intensive care
unit and another 2 points if pseudomembranous colitis (PMC) was identified. Patients were considered
to have severe CDI if they had at least 2 points (23). For the recommendation by IDSA/SHEA, patients
were considered to have severe CDI if they had an increase of plasma creatinine level of �1.5-fold from
their baseline or if they had a total WBC count of �15,000 cells/mm3 (10). Laboratory results at the onset
of diarrhea were recorded. Three outcomes were assessed, the 30-day mortality rate, the total length of
stay (LOS) in the hospital among surviving patients, and the recurrence rate of CDI. Recurrent CDI was
defined as a CDI episode which occurred after the resolution of the previous CDI episode.
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Statistical analysis. All statistical analyses were performed using IBM SPSS Statistics for Windows
version 26.0 (IBM, New York, USA). A P value of �0.05 was considered statistically significant.

Human research ethics approval. This study was approved by the Human Research Ethics Com-
mittee of The University of Western Australia (reference file RA/4/20/4704) and the Siriraj Institutional
Review Board (protocol number 061/2558 [EC1]).

RESULTS
Patient characteristics. A total of 469 patients were included in the study, 248

patients in the CDI group and 221 patients in the control group. Eleven and nine
patients in the CDI and control groups, respectively, underwent colonoscopy. PMC was
confirmed in two patients in the CDI group and none in the control group. More
patients in the CDI group were admitted to the hospital to undergo surgery (18%
versus 11%, P � 0.047), and more patients in the control group were admitted for
nonoperative procedures (10% versus 4%, P � 0.02). These differences did not contrib-
ute to the difference in the outcomes of the two groups (P � 0.71). Other basic
characteristics were similar between both groups (Table 1). Compared to the culture
method (14), the BD MAX Cdiff assay had a positive predictive value of 88% (95%
confidence interval [CI], 84% to 91%) and a negative predictive value of 91% (95% CI,
87% to 95%).

Comparison of the severity assessment methods. Using the severity assessment
method published by Zar et al. in 2007 (23) and the 2017 IDSA/SHEA guidelines (10),
115 (46%) and 87 (35%) CDI cases, respectively, were classified as severe in our patient
population. The 30-day mortality rate was higher in severe CDI cases classified by both
the Zar and IDSA/SHEA methods (P � 0.001 and 0.01, respectively). The categorical
agreement between both methods was 69% (Cohen’s kappa � 0.37). Comparing the
two methods, the Zar method was better at predicting 30-day mortality (McNemar’s
P � 0.001). Thus, the Zar method was used to classify the severity of CDI throughout
this study.

Comparison of the overall 30-day mortality rate. The overall 30-day mortality
rate was significantly higher in the CDI group than the control group (21% versus 14%,

TABLE 1 Basic demographic characteristics of patients in the CDI and control groups

Characteristic

Data for patients in:

P valueCDI group (n � 248) Control group (n � 221)

Average age (yrs) � standard deviation 67.78 � 2.04 65.57 � 2.41 0.17
Sex (no. of male patients) 107 (43%) 98 (44%) 0.87
Charlson’s comorbidity index (range)a 2 (1–4) 2 (1–4) 0.60
Outpatient cases 16 (6%) 10 (5%) 0.48

No. of cases in each department
Internal medicine 192 (77%) 180 (81%) 0.34
Surgery 41 (17%) 31 (14%) 0.53
Other 15 (6%) 10 (5%) 0.60

No. of cases that underwent colonoscopy 11 (4%) 9 (4%) 0.97

Reason for hospital visit (no. of patients)
Medical treatment 168 (68%) 154 (70%) 0.72
Surgery 44 (18%) 24 (11%) 0.047
Nonoperative procedure 10 (4%) 22 (10%) 0.02
Chemotherapy 22 (9%) 19 (8%) 0.95
Other 4 (1%) 2 (1%) 0.69

Province of residence (no. of patients)
Bangkok 134 (54%) 124 (56%) 0.72
Metropolitan regionb 47 (19%) 41 (19%) 0.99
Other 67 (27%) 56 (25%) 0.76

LOS (days) (range)a 22 (11–40) 20 (10–35.75) 0.35
aCharlson’s index and LOS are expressed as median (interquartile range).
bMetropolitan region refers to 5 provinces surrounding Bangkok (Nakhon Pathom, Nonthaburi, Pathum Thani, Samut Prakan, and Samut Sakhon).
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P � 0.046). When stratified by severity using the Zar method, patients with severe CDI
had a higher 30-day mortality rate than patients with nonsevere CDI (36% versus 8%,
P � 0.001). After applying the Zar method to the control group (see discussion below),
patients with severe CDI also had a higher 30-day mortality rate than patients in the
control group with severe host status (36% versus 19%, P � 0.009) and those without
(36% versus 10%, P � 0.001). Figure 1 shows the Kaplan-Meier survival curves for both
groups. The most common cause of death in both groups was the complication of
non-CDI nosocomial infection, followed by complications associated with the patients’
underlying diseases and other intrahospital complications. In the CDI group, CDI was
the direct cause of death in two patients (1%).

Comparison of the treatment outcomes between patients receiving metroni-
dazole and vancomycin. A total of 216 (87%) patients received specific treatment for
CDI. Oral metronidazole was chosen as the sole therapeutic agent in 156 patients (63%).
Oral vancomycin was given as the main treatment to 60 patients (24%), 28 of whom
(11%) also briefly received oral metronidazole before switching to vancomycin. In
addition to oral antimicrobial therapy, the inciting antimicrobials were discontinued in
19 patients (8%). The remaining patients (32, 13%) did not receive any specific treat-
ment for CDI.

Table 2 compares the clinical outcomes of CDI patients treated with oral metroni-
dazole (n � 156) and oral vancomycin (n � 60). Overall, metronidazole was not inferior
to vancomycin in terms of recurrence rate and LOS. Interestingly, the metronidazole
group had a lower 30-day mortality rate compared to the vancomycin group. Among
18 deaths in the vancomycin group, 15 (83%) were due to other nosocomial infections.
Causative agents were identified in 11 cases, 1 of which was a strain of vancomycin-
resistant Enterococcus faecium.

In a logistic regression analysis (Fig. 2), a higher 30-day mortality rate was associated
with both severe disease (as assessed by the Zar method) (odds ratio [OR], 8.21 [2.90 to

FIG 1 Kaplan-Meier curve comparing 30-day survival rates between CDI (red) and control (blue) groups. (A)
Overall, CDI patients had a lower survival rate than the control group (P � 0.046). (B) When stratified by host
severity according to Zar et al. (23), patients with severe CDI (dark red) had a much lower survival rate than
the control group with severe host status (dark blue) (P � 0.009), as well as both patients with nonsevere CDI
(light red) and the control group without severe host status (light blue) (P � 0.001 for both groups).

Imwattana et al. Journal of Clinical Microbiology

September 2020 Volume 58 Issue 9 e01217-20 jcm.asm.org 4

https://jcm.asm.org


23.24]; P � 0.001) and vancomycin treatment (as opposed to metronidazole treatment
[OR], 4.30 [1.14 to 16.29]; P � 0.032) without significant interaction between these two
parameters (OR, 0.29 [0.06 – 1.41]; P � 1.24).

Characteristics of C. difficile in the study groups. A total of 325 nonduplicate C.
difficile strains were isolated (Fig. 3), 267 (82%) of which were toxigenic (250 [94%]
isolated directly from ChromID agar and an additional 17 [6%] isolated from enrichment
broth). The most common toxin profile was tcdA-positive, tcdB-positive, binary toxin-
negative (A�B�CDT–, 67%), followed by A–B�CDT– (14%), while three strains (1%)
were binary toxin-positive (A�B�CDT�). All A–B�CDT– C. difficile isolates belonged to
RT 017, and one of the A�B�CDT� C. difficile isolates was the epidemic strain RT 078.

A total of 44 (18%) patients were infected with A–B� C. difficile. CDI due to A–B�

C. difficile did not differ from CDI due to A�B� C. difficile in terms of case severity
(severe CDI prevalence of 36% versus 49%, P � 0.19), 30-day mortality rate (23% versus
20%, P � 0.85), recurrence rate (11% versus 8%, P � 0.73), and LOS (median 18.5 versus
20 days, P � 0.41).

Colonization by NTCD was found in 26 (10%) CDI cases and 32 (14%) controls
(P � 0.24). In the CDI group, the prevalence of severe CDI was slightly lower in the
patients colonized by NTCD, although this difference was not statistically significant
(27% versus 49%, P � 0.06). There were no differences in clinical outcomes between the
two groups, including 30-day mortality (15% versus 21%, P � 0.61), recurrence rate (8%
versus 9%, P � 1), and LOS (median 22 versus 19 days, P � 0.56).

TABLE 2 Clinical outcomes of CDI patients treated with metronidazole and vancomycin
regimens

Clinical outcome

Patient data for regimen (no. of
patients):

P valueMetronidazole Vancomycin

30-day mortality rate 26/156 (16%) 18/60 (30%) 0.047
Recurrence rate 16/156 (10%) 5/60 (8%) 0.80
LOS (days) (range)a 22 (10–38.75) 22 (11–39) 0.82
Prolonged LOSb 62/122 (51%) 20/37 (54%) 0.88
aLOS is expressed as median (interquartile range).
bProlonged LOS is defined as LOS above the median LOS (21 days).

FIG 2 Univariate logistic regression analysis of factors associated with a 30-day mortality rate among CDI
patients receiving appropriate treatment. A forest plot of the odds ratio shows that both severe CDI
according to Zar’s method (dark blue) and treatment with vancomycin (green) were associated with a
higher 30-day mortality rate without significant interactions between disease severity and treatment
regimen (red).
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DISCUSSION

Overall, CDI in Thai patients was associated with relatively mild disease. Most
patients experienced watery diarrhea, and only 12% had evidence of red blood cells in
the stool sample. Only two cases (1%) were confirmed to have PMC. Also, only two
deaths (1%) were directly attributable to CDI within 30 days. The overall recurrence rate
(10%) was also lower than that reported in other regions of the world (20%) (6). Even
though CDI was relatively mild, patients in the CDI group still had a higher overall
30-day mortality rate compared to the control group, suggesting that CDI may have
indirectly affected the patients’ outcomes. This could be either because CDI further
complicated the patients’ hydration or nutritional status. It could also be due to a
complication arising from the CDI treatment.

The Zar criteria are an effective tool for predicting 30-day mortality (23). However,
the parameters used in this method are not specific for CDI, and it may predict the
severity of the host status rather than of CDI, especially in cases where CDI is not the
primary disease. Thus, the Zar criteria were applied to both CDI and control groups to
evaluate the host status at the onset of diarrhea. After applying the Zar method (Fig.
1B), CDI was associated with higher 30-day mortality only in the group with a severely
ill host status. This was supported by the logistic regression analysis in Fig. 2.

It remains unclear why CDI in Thailand is milder than that in other regions of the
world. Initially, this was thought to be due to the lack of “hypervirulent” strains of C.
difficile in South-East Asia; however, this may not be correct. Several studies have
reported that differences in C. difficile RT do not necessarily predict severity of disease
or outcome of CDI (5, 8, 24). This study provides further evidence to refute this idea, as
it showed a high prevalence of C. difficile RT 017, an RT responsible for outbreaks of CDI
around the world with a mortality rate as high as 38% in one study (25). In a
nonoutbreak setting, RT 017 was also associated with severe CDI with high mortality in
a study in Germany (26). In the present study, CDI due to RT 017 was similar to CDI due
to other RTs and was mostly mild, as described in an earlier study in South Korea (5).
Thus, it appears that when C. difficile RT 017 causes CDI outside Asia, the disease can

FIG 3 Summary of the C. difficile toxin profiles and common RTs of isolates recovered from both CDI and
control patients. There were a total of 325 nonrepeating C. difficile strains categorized into A�B�CDT–
C. difficile (218 strains [67%]; the most common RTs included RTs 014 [n � 46], 020 [n � 19], and 046
[n � 14]), A–B�CDT– C. difficile (46 strains [14%], all belonging to RT 017), A–B–CDT– C. difficile (58 strains
[17%]; the most common RTs included RTs 010 [n � 16], 009 [n � 6], and 039 [n � 5]), and A�B�CDT�
C. difficile (3 strains [1%], one belonging to RT 078).

Imwattana et al. Journal of Clinical Microbiology

September 2020 Volume 58 Issue 9 e01217-20 jcm.asm.org 6

https://jcm.asm.org


be severe compared to CDI in Asia, which appears mild, suggesting perhaps that
regional protective factors may be important.

To investigate one possible protective factor, the effect of colonization by NTCD on
subsequent CDI severity was evaluated. In animal studies, colonization by NTCD can be
protective against recurrence of CDI, most likely due to competition with toxigenic
strains to colonize the colon (27, 28). Although the number of colonized patients was
low in this study (26 cases, 10%) and there was no significant difference, there was a
trend toward less severe disease in CDI patients colonized by NTCD. The control group
in this study also had a slightly higher prevalence of colonization by NTCD. These
findings suggest that NTCD may prevent colonization by toxigenic C. difficile and the
subsequent development of CDI, as reported previously (27, 28); however, a larger
study is needed to properly evaluate the effects of colonization by NTCD in humans.

Recently, it was suggested that metronidazole is inferior to vancomycin for the
treatment of CDI (29). As a result, metronidazole was removed from the list of first-line
agents for treating CDI in the 2017 IDSA/SHEA guidelines (10). However, in a publica-
tion that may have contributed to this recommendation, the prevalence of severe CDI
was higher in the metronidazole group (92/278, 33% versus 65/259, 25%) (29). Metro-
nidazole is known to be associated with lower efficacy in severe CDI (23), and the higher
prevalence of severe cases in the metronidazole group may have contributed to its
overall poorer performance. In the present study, metronidazole was not found to be
inferior to vancomycin, though this study had 27% power to detect the inferiority of
metronidazole according to the previous study (29), and further studies with sufficient
power are needed to confirm this. Somewhat surprisingly, vancomycin was associated
with a higher 30-day mortality rate in this study. Anecdotally, clinicians were more likely
to prescribe vancomycin in cases that were perceivably more severe, many of whom
died due to unrelated causes, resulting in the higher mortality rate in the vancomycin
group. Also, vancomycin use poses a risk of prompting the emergence of VRE, which
has recently caused outbreaks in Thailand (11, 12, 30). Indeed, a strain of VRE was later
isolated from one of our CDI patients and likely contributed to the patient’s death. This
study highlights a situation when the benefit of vancomycin treatment does not
outweigh its risks (30). In such cases, clinicians should consider prescribing metronida-
zole for the treatment of CDI unless there is compelling evidence of severe CDI, such
as the presence of PMC.

In conclusion, CDI in Thailand was associated with milder disease, and there is a
possibility that the colonization by nontoxigenic C. difficile is protective against CDI.
Metronidazole remained an effective drug for CDI and should still be considered a
first-line agent.
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