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Abstract: Clostridioides difficile is a major cause of infection in healthcare
settings, and frequent antibiotic use exacerbates its occurrence. C. difficile
infection (CDI) is a major public-health challenge owing to its
complications and high mortality rate. We aimed to analyze current trends in
C. difficile prevalence. This study was a retrospective, single center analysis
of 7,371 samples from April 2020 to March 2024. Toxigenic C. difficile was

Jae Kyung Kim identified from stool samples of inpatients and outpatients using an Xpert C.

difficile assay by detecting binary toxin and toxin B via real-time
polymerase chain reaction. Prevalence rates were analyzed according to sex,
time of occurrence, and age using SPSS Version 29. The chi-square test and
the exact test Monte Carlo method were used. Cross-analyses revealed no
significant correlation between the occurrence of CDI and months, as well
as individual quarters. However, when aggregating data from the same
quarter across different years, significant correlations were observed (p =
0.036). Sex-specific prevalence analysis revealed positivity rates of 16.9%
and 15.6% in males and females, respectively; however, this difference was
not statistically significant. The analysis of prevalence by age did not show a
statistically significant difference in cross-analysis. Nevertheless, there was
a trend indicating that the positivity rate increased with advancing age.
Specifically, the average age of patients with positive results was 72.6 years.
This study offers baseline data on the current prevalence of CDI, serving as
a valuable resource for hospitals in developing infection control plans and
prevention strategies. Additionally, it provides critical insights into CDI
epidemiology in South Korea, particularly the increased vulnerability to
infection among older age groups. These findings emphasize the need for
customized treatment and prevention strategies tailored to the older
population, contributing to more effective healthcare interventions and
improved patient outcomes.
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and adhering to management guidelines help prevent
infection (Fonseca et al., 2024). Understanding CDI
epidemiology through continuous monitoring is crucial
for designing such guidelines. While CDI has been
extensively studied in Western countries, relatively fewer
studies have explored its epidemiology in Asian
populations. South Korea, with its high antibiotic

Introduction

Clostridioides difficile is a major cause of healthcare-
associated infections worldwide and poses significant
risks, including pseudomembranous colitis and sepsis,

particularly in older adults and immunocompromised
individuals (Marra et al., 2020; Alharbi et al., 2021,

Feuerstadt et al., 2021). The incidence of C. difficile
infection (CDI) is increasing, creating major public-
health challenges (Lessa et al., 2015; Rao and Malani,
2020) regardless of close monitoring in hospitals (Fu et
al., 2021; Dilnessa et al., 2022). Maintaining cleanlines
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prescription rates and aging population, presents a
unique setting for CDI research. Furthermore, infection
control measures in South Korea, such as national
surveillance programs, may offer insights that are
applicable to other countries. By analyzing recent CDI
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trends in this study, we aimed to contribute to a broader
understanding of global CDI epidemiology and infection
control policies.

Materials and Methods

Patients and Data Collection

Between April 2020 and March 2024, 7,371 stool
samples from inpatients, outpatients, and emergency
room patients with complaints of abdominal pain or
diarrhea, as well as immunocompromised patients, at
Kyung Hee University Hospital, were analyzed using
automated real-time Polymerase Chain Reaction (PCR)
—a method that allows rapid and accurate detection of
CDI (Jensen et al., 2015; Kim et al., 2017). Due to a
shortage of test kits at our facility, from January to
March 2022, data were outsourced. The outsourced test
data were excluded due to differences in laboratory
protocols, including variations in sample processing
times and reagents. Including this data could have
introduced inconsistencies, potentially affecting the
accuracy of prevalence estimates. Of the 7,371 analyzed
samples, 1,196 were positive for CDI. The data of these
positive samples were retrospectively examined for
prevalence patterns according to sex, age, and season,
and the results were compared with those of previous
studies. Duplicate patient data were excluded.

Detection of C. difficile Toxin B, Binary Toxin, and
tcdC Nucleotide Deletion 117

Stool samples were collected using sterile spoons and
stored in sterile containers. All samples were
immediately stored at 4°C and tested within 2 h. An
Xpert C. difficile assay kit (Cepheid, Sunnyvale, CA,
USA), with the GeneXpert instrument (Cepheid) and
GeneXpert Dx System (Cepheid), was used to detect C.
difficile toxin B and binary toxin. All reagents were
stored at room temperature (20-30°C) and used within
their effective period.

Analysis Method

A swab was briefly immersed in the stool sample and
inserted into a sample reagent tube. The swab stem was
broken off, and the tube was tightly closed and vortexed
at high speed. The cartridge lid was opened, and the
sample was transferred to the “S” chamber of the Xpert
C. difficile cartridge using a pipette tip. Then, the
cartridge lid was closed. In the GeneXpert System, a test
was created. “Start Test” was clicked, the cartridge was
loaded, and the door was closed to begin the test.

Validity

The Cycle threshold (Ct) value of the control sample
was considered valid when it was within the range
specified by the manufacturer (a total of 40 cycles, toxin
B [5-37], binary toxin [5-37], tcdC deletion nucleotide
117 [5-40], Sample Processing Control [SPC; 5-40]).
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All tests included an SPC and Probe Check, and the
amplification curves were reviewed.

Interpretation

The results were interpreted based on fluorescent
signals and calculation algorithms of the GeneXpert
Instrument System, summarized in the “View Results”
window as follows:

Toxigenic C. difficile POSITIVE, 027
PRESUMPTIVE NEG: Toxin B or toxin B plus either
binary toxin (or tcdC deletion nucleotide 117) was
detected with valid Ct values. SPC was ignored if C.
difficile amplification competed with it. Probe Check
passed.

Toxigenic C. difficile POSITIVE, 027
PRESUMPTIVE POS: Toxin B and binary toxin (or
tedC deletion nucleotide 117) were detected with valid
Ct values. SPC was ignored if C. difficile amplification
competed with it. Probe Check passed.

Toxigenic  C. difficile  NEGATIVE, 027
PRESUMPTIVE NEG: No toxin B or other C. difficile
target DNA was detected. SPC met the acceptance
criteria. Probe Check passed.

Statistical Analysis

Data were analyzed using SPSS software (version
29.0; IBM, Armonk, NY, USA). Data are reported as
frequencies (percentages). We analyzed the correlation
between the prevalence of CDI and sex, age, incidence,
and time. We performed a cross-analysis by month and
quarters and categorized the age groups into 10-year
intervals ranging from <10 years to >70 years. Fisher’s
exact test and the chi-square test, with the Monte Carlo
method to ensure accuracy for cells with expected values
<5, were performed to assess CDI prevalence patterns by
season, sex, and age. Statistical significance was set at a
p-value <0.05.

Although primary trend analyses were conducted
using quarterly data for statistical stability, monthly
variations in CDI prevalence were also analyzed and are
presented in the Results section. While a separate table
for monthly trends is not included, these fluctuations are
discussed in the interpretation of the results.

Sensitivity Analysis

In this study, we performed a sensitivity analysis to
evaluate the impact of missing data for the period from
January to March 2022 on the study’s conclusions. The
missing data was imputed using the average values from
January to March in the years 2021, 2023, and 2024.
Specifically, we used the mean values for the variables of
interest (e.g., CDI positivity rate) from these periods to
replace the missing data. The imputed dataset was then
compared with the original dataset that contained the
missing data to assess the effect on the study’s results.
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Results

Cross-Analysis According to Months

The cross-analysis of CDI prevalence according to
months analyzed CDI positivity data by year for each
month. The chi-square value was 52.704 (p = 0.173),
indicating no significant correlation between CDI
prevalence and individual months. Similarly, aggregating
data for the same month across years yielded a non-
significant chi-square value of 15.474 (p = 0.162).

Cross-Analysis According to Quarters

Analyzing CDI positivity rates using data for
individual quarters across multiple years resulted in a
Pearson’s chi-square value of 21.220 (p 0.130),
indicating no significant correlation. However, when
analyzing the aggregated data for the same quarters over
several years, a significant correlation was observed (chi-
square = 8.545, p = 0.036).

Table 1: Quarterly Clostridioides difficile infection prevalence data
(2020-2024)

Date (quarter) Total number of cases Positive cases Positivity rate (%)

Q22020 328 49 14.9
Q32020 393 73 18.6
Q42020 365 69 18.9
Q12021 413 63 15.3
Q22021 523 76 14.5
Q32021 266 37 13.9
Q42021 512 77 15.0
Q12022 10 1 10.0
Q22022 440 61 13.9
Q32022 574 91 159
Q42022 590 101 17.1
Q12023 526 87 16.5
Q22023 612 85 13.9
Q32023 635 129 203
Q42023 669 102 15.2
Q12024 515 92 17.9
Total 7371 1193 16.2

Prevalence of CDI by Season of Incidence

Of the 7,371 samples screened, 1,193 tests were
positive for toxin B (the binary toxin was detected
simultaneously with toxin B). The highest positivity rate
was observed in July 2023, with a rate of 22.2% (39
positive cases), followed by April 2020 at 22.1% (19
positive cases) and December 2020 at 21.5% (26 positive
cases). Seasonally, the third quarter of 2023 had the
highest positivity rate at 20.3% (129 cases), followed by
the fourth quarter of 2020 at 18.9% (69 cases) and the
third quarter of 2020 at 18.6% (73 cases) (Table 1).

Prevalence by Sex

Out of the 7,371 samples screened, 3,577 (48.5%)
were from males and 3,794 (51.5%) from females. CDI
positivity was observed in 603 (16.9%) males and 590
(15.6%) females. Statistical analysis using the chi-square
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test yielded a value of 2.318 (p = 0.128), indicating no
significant association between sex and CDI positivity
(Figure 1).

Prevalence by sex
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Fig. 1: Graph of Clostridioides difficile infection results by sex

Prevalence by Age

Cross-analysis was conducted by grouping patients
by age to examine the association between age and CDI
positivity. Pearson’s chi-square value was 7.494 (p =
0.379), and the Monte Carlo exact test showed a
significance probability of 0.394, with a 99.9%
confidence interval of 0.394-0.395 based on 10,000,000
simulations, indicating that age and CDI positivity were
not significantly related.

The highest positivity rate was observed in
individuals in their teens (23.5%, four cases), followed
by those aged >70 years (16.6%, 796 cases) and those in
their 60s (16.3%, 206 cases). The mean age of patients
with CDI was 72.6+14.8 years (Table 2).

Table 2: Prevalence of Clostridioides difficile infection by age group
(2020-2024)

Age range Total number of Positive Positive rate
(years) cases case (%)
<10 3 0 0.0
10-19 17 4 23.5
20-29 169 21 12.4
30-39 184 22 12.0
40-49 318 44 13.8
50-59 629 100 15.9
60-69 1,266 206 16.3
>70 4,785 796 16.6
Total 7,371 1,196 16.2
Sensitivity Analysis

The sensitivity analysis revealed that imputing the
missing data with the average values from 2021, 2023,
and 2024 did not result in any significant differences in
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the study’s findings. Specifically, we conducted Chi-
Square analysis to compare the distribution of CDI
positivity rates between the imputed and original
datasets. The Chi-Square tests were performed for the
following categorical variables: Sex and CDI positivity
rate, where the p-value changed from 0.128 in the
original dataset to 0.152 in the imputed dataset, showing
no significant differences; Age group and CDI positivity
rate, with the p-value changing from 0.379 in the original
dataset to 0.391 in the imputed dataset, indicating no
significant differences; and Prevalence of CDI over
Seasons, where monthly analysis showed a change in the
p-value from 0.173 to 0.157. When the months were
combined for seasonal analysis, the p-value shifted from
0.162 to 0.155, and in quarterly analysis, the p-value
changed from 0.130 to 0.117 for each individual quarter.
When the quarters were aggregated, the p-value changed
from 0.036 to 0.032, indicating that the sensitivity
analysis did not significantly affect the conclusions of
the study.

Discussion

Prevalence of CDI Over Seasons

Our study revealed significant seasonal variation in
CDI prevalence. The assessment of the impact of
seasonal factors on CDI occurrence revealed that the
highest positivity rate was observed in July 2023 (22.2%,
39 cases), followed by April 2020 (22.1%, 19 cases) and
December 2020 (21.5%, 26 cases).

An analysis of aggregated monthly data revealed that
July had the highest positivity rate for CDI (18.9%, 138
cases), followed by January (18.5%, 99 cases) and March
(17.3%, 73 cases). Analysis according to months was
influenced by the volume of testing, making it difficult to
attribute changes in prevalence to specific months.
Cross-analysis indicated that the monthly variations in
CDI prevalence were not statistically significant.

Analysis according to quarters revealed the highest
positivity rate in the third quarter of 2023 (20.3%, 129
cases), followed by the fourth quarter of 2020 (18.9%, 69
cases) and the third quarter of 2020 (18.6%, 73 cases).
However, owing to the variability in the number of
positive cases, these results might lack statistical
robustness due to sample size variability and
methodological limitations. Moreover, cross-analysis
showed no significant relationship between quarters and
CDI incidence. Nevertheless, aggregated data of quarters
across different years revealed a significant association
of quarters with CDI prevalence, indicating the influence
of seasonal variation.

These results differ from those of previous studies,
which reported no relationship between CDI occurrence
and seasonality (de Jager et al., 2021; Maestri et al.,
2022). However, several other studies have reported that
seasonality affects occurrence (Argamany et al., 2015;
Lee et al., 2016; Piatti et al., 2017). While our findings
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on seasonal trends align with those of previous studies,
our study uniquely provides detailed analyses of age-
specific CDI prevalence and sex-based differences.
Furthermore, by emphasizing the role of real-time PCR
in CDI detection, our study reinforces the importance of
molecular  diagnostic ~ techniques in  modern
epidemiology. Our results highlight seasonal variations
in CDI prevalence. However, additional environmental
factors may also influence infection rates. Prior studies
link hospital-based conditions—such as temperature and
humidity—to C. difficile carriage (Mufioz-Price et al.,
2020), while community-level hygiene may affect CDI
incidence outside hospital settings (Bloomfield and
Riley, 2016). Future research should incorporate metrics
like humidity logs or bed occupancy to provide a more
holistic view of CDI epidemiology. Differences in
various environmental factors (Guh et al, 2017),
antibiotic use, underlying diseases, and hospital
environments between studies complicate the assessment
of changes in CDI prevalence. In addition, the limited
number of studies on the seasonality of CDI in South
Korea poses challenges for comparison with previous
research. Therefore, we intend to contribute to the
development of a plan for continuous monitoring of CDI
prevalence.

Although significant differences were found when
aggregating data for the same quarters across different
years—as can be seen in Table 1—even in the same
quarter, there were substantial differences across the
years. Therefore, we believe that this approach cannot be
applied unconditionally. Moreover, as statistical and
clinical significance do not always correspond, it would
be ideal to investigate CDI prevalence by conducting
further research in several institutions over a longer
period, rather than relying exclusively on the findings of
a single-institution study conducted over a short
time.Recent studies from Europe and North America
suggest differing seasonality patterns for CDI. While
some studies report increased incidence in winter, others
find no seasonal effect. Our findings align more closely
with those of Asian studies, highlighting possible
regional variations. For instance, while studies from the
United States and Canada report increased CDI incidence
during winter, research from certain Asian countries,
including Japan, suggests no clear seasonal trend. Our
findings align more closely with those of Asian studies,
indicating potential regional differences in CDI
epidemiology. While this study presents primary findings
in quarterly intervals, to enhance statistical reliability,
monthly data analysis was conducted to account for finer
variations and is discussed in the Results section. Future
studies should consider incorporating separate tabular
presentations of monthly trends for additional clarity.

Prevalence by Sex

The present study identified minimal differences in
the number of test requests and positivity rates between
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males and females, and the analyses revealed no
significant sex-based associations. Most previous studies
(Lin et al., 2015; Mawer et al., 2017; Lee et al., 2019; Le
Monnier et al., 2022; Moon et al., 2022) have also
reported no significant correlation between sex and CDI
prevalence. However, Reigadas ef al. (2017) reported a
significant correlation, suggesting that further research is
required to integrate the findings from various regions
and institutions.

Figure 1 shows the CDI positivity rate according to
sex. No significant difference was observed, but a
slightly higher prevalence was observed in men,
indicating that sex may have a potential impact on
prevalence; however, this finding differs from that of
previous studies suggesting potential biological or
medical access differences (Esteban-Vasallo ef al., 2016).

Positive rate by age
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Fig. 2: Clostridioides difficile infection positivity rate by age
Prevalence by Age

Regarding age, the highest positivity rate was
observed in the teenage group (23.5%). Regarding the
teenage group’s unexpectedly high positivity rate, it is
crucial to note that a small sample size (n=17) may
inflate percentages. Additionally, adolescent patients may
present different clinical characteristics or seek medical
care under distinct criteria. To confirm whether this
observation represents a meaningful trend or a statistical
anomaly, future studies should recruit larger sample sizes
across multiple institutions and collect more detailed
clinical data on younger patients (e.g., antibiotic history,
immunization status, or underlying conditions). The
average age of patients with CDI positivity was 72.6
years. The observed high CDI prevalence in older adults
may be influenced by increased diagnostic testing rather
than a true increase in infection rates. Future studies
should adjust for testing frequency to confirm these
findings. Previous studies have reported that CDI
incidence was independent of age (Wenisch et al., 2012;
Salazar et al.,, 2017; Muifioz-Price et al., 2020; Le
Monnier et al., 2022). However, some studies (Starr et
al., 2003; Song and Kim, 2019) have suggested that
older adults are at higher risk for infection and have
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poorer outcomes (Reigadas et al., 2017). Thus, continued
epidemiological research and preventive measures are
recommended for older adults (Figure 2).

Strengths and Limitations of the Study

This study offers valuable insights into the
prevalence of CDI across different periods, sexes, and
age groups. However, it has some limitations. First, this
study used data from a single medical institution, which
may limit its generalizability. Future multicenter studies
are necessary to confirm whether these trends persist
across different hospitals and regions. Second, this study
excluded data from January to March 2022 due to
methodological inconsistencies arising from outsourced
testing. A comparison with adjacent months showed no
major discrepancies, supporting the reliability of our
trend analysis. While this creates a temporary gap in the
data collection, the overall prevalence trend remains
unaffected, as confirmed by the consistency of results in
subsequent quarters. Third, the seasonal analysis is
limited by sample size variability, which may affect
statistical significance. Future studies should incorporate
larger datasets to validate these trends and improve
statistical power. Fourth, Due to the absence of detailed
clinical data (e.g., antibiotic history, comorbidities,
admission type), we could not perform a multivariate
analysis to control for confounding factors. Future
research should collect such information to allow logistic
regression or other advanced modeling techniques,
thereby strengthening the conclusions on CDI risk
factors. Although seasonal trends in CDI prevalence
were analyzed, this study did not incorporate
environmental factors such as humidity, temperature, or
hospital-related variables such as overcrowding and bed
occupancy rates. These factors may influence CDI
transmission and prevalence. Future studies should
integrate these elements to provide a more
comprehensive assessment of CDI seasonality and
potential outbreak triggers. Additionally, we focused
solely on toxin B and binary toxin detection due to their
primary role in CDI pathogenesis; this might not
represent the full spectrum of CDI prevalence. Future
studies should incorporate multivariate analysis to
account for these confounding variables and include
toxin A detection and strain typing for a more
comprehensive epidemiological analysis. Fifth, this
study did not include longitudinal follow-up to assess
CDI recurrence or long-term outcomes. Future research
should incorporate patient tracking to better understand
disease progression and treatment effectiveness.
Furthermore, although the four-year period provides
valuable epidemiological insights, long-term surveillance
is necessary to confirm sustained CDI trends. Sixth, we
employed the chi-square test and Monte Carlo method
for categorical data analysis, as they are well-suited for
identifying prevalence differences in grouped data.
Given the sample size variations across categories, these
methods provided reliable estimates. While some
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associations were statistically significant, their clinical
relevance should be assessed in future studies to
determine their impact on patient care and treatment
outcomes. However, we acknowledge that logistic
regression could better control for confounding factors,
and we recommend its application in future studies to
further validate our findings.

Despite its limitations, this study makes a valuable
contribution to infection control and prevention
strategies by identifying seasonal patterns and
highlighting the higher occurrence of positive cases
among older adults. It provides important baseline data
on CDI prevalence in South Korea and offers directions
for future research. To overcome the current limitations
and achieve a deeper understanding of CDI prevalence,
follow-up studies, particularly multicenter investigations
and multivariate analyses, are warranted. Such efforts
could enhance patient management and strengthen
healthcare system efficiency in the face of the growing
risk of CDI (Son ef al., 2020).

Sensitivity Analysis

The results of the sensitivity analysis suggest that the
missing data for the period from January to March 2022
did not have a significant impact on the conclusions of
this study. The imputed values, based on the average data
from 2021, 2023, and 2024, did not lead to substantial
changes in the statistical outcomes. This indicates that
the study’s conclusions are robust, even in the presence
of missing data, and the imputation method used was
appropriate. However, it is recommended that future
studies with more complete data should be conducted to
further validate these findings.

Interpretation and Implications

The findings of this study may have practical
implications for patient management, particularly for
older adults for whom higher positivity rates were
observed. A tailored approach based on age may enhance
infection prevention and control strategies. Additionally,
recognizing seasonal prevalence patterns could lead to
more vigilant monitoring of patients during periods of
increased infection risk. Such clinical insights may guide
future patient care strategies.

Conclusion

This study highlights Clostridioides  difficile
prevalence trends in South Korea using real-time PCR,
providing rapid and accurate diagnostics. By analyzing
four years of data, we identified seasonal trends and an
age-specific prevalence, emphasizing the need for
continuous CDI surveillance. However, the exclusion of
outsourced test data (January—March 2022) may have
introduced minor inconsistencies, and confounding
factors such as antibiotic use and comorbidities were not
assessed. Expanding this study to multiple institutions
will enhance generalizability, and integration of clinical
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data such as antibiotic stewardship programs and
hospital ~ environmental factors, analyzed using
multivariate analysis, could provide deeper insights into
CDI transmission dynamics. Long-term surveillance and
predictive modeling may further refine infection control
strategies, ultimately reducing CDI burden and
improving patient outcomes.
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