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ABSTRACT

Objective: Clostridioides difficile is one of the the leading causes of antibiotic-associated diar-
rhea. Recurrent C. difficile infection (rCDI) is significant because of prolonged hospital stays,
morbidity, and additional costs. Our study aimed to examine the characteristics of C. diffi-
cile infections and investigate factors associated with recurrence.

Materials and Methods: Adult patients with signs of acute gastroenteritis and gastrointes-
tinal polymerase chain reaction (GI PCR) panel tests performed on stool material, and C.
difficile was detected as the causative agent were included in the study. rCDI was defined as
the recurrence of symptoms and re-detection of C. difficile in the GI PCR panel within eight
weeks after the onset of the initial episode in patients whose symptoms improved with ap-
propriate antimicrobial treatment. Variables in patients with and without recurrence were
compared, and risk factors for recurrence were investigated.

Results: A total of 59 patients with C. difficile infection (CDI) were diagnosed. The median age
of patients was 75, and 57.6% were male. Forty-nine patients (83.1%) were diagnosed with
the infection while hospitalized. The most commonly used treatment was metronidazole.
rCDI was identified in eight patients. The presence of malignancy, hematological malignan-
cy, development of CDI episode in the intensive care unit, and continuation of antibiotic
treatment for non-C. difficile etiology after CDI diagnosis were statistically more common
in the recurrence group (p<0.05). Mortality during hospitalization occurred in a total of 11
patients (18.6%).

Conclusion: CDI is important because of its frequent occurrence and potential for fatal
outcomes. It is crucial to identify patients at risk for recurrence. In our study, the develop-
ment of CDI attacks in the intensive care unit, malignancy, and continuation of antibiotic
treatment for non-CDI infection after CDI diagnosis were found to be associated with re-
currence. Evaluating these parameters in patient follow-up will contribute to prognostic
assessment.
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INTRODUCTION

lostridioides difficile is an anaerobic, Gram-pos-

itive, spore-forming bacteria found in the co-

lon as part of the normal intestinal flora of
a healthy individual. However, changes in the gut
microbiota because of antibiotic use can lead to
overgrowth of C. difficile and toxin production. As a
result, C. difficile infection (CDI) develops, which is
characterized by damage to the intestinal mucosa
by C. difficile toxins. Antibiotic-associated diarrhea
due to C. difficile is an important health problem
that may be mild or may lead to hospitalization
and even death. Antibiotic use is the most common
risk factor, additional risk factors for disease devel-
opment include advanced age, history of hospital-
ization and comorbid conditions (1-5). The primary
recommended method for the diagnosis of the dis-
ease has been reported as a nucleic acid amplifica-
tion test (6).

Recurrent C. difficile infection (rCDI) is defined as
the resumption of symptoms within eight weeks af-
ter the onset of the first episode in patients whose
complaints and findings have improved after ap-
propriate treatment (7). Once recurrence develops,
repeated attacks are likely to occur. Therefore, it is
important to identify risk factors for patients who
will develop recurrence. Advanced age, use of pro-
ton pump inhibitors (PPI), infection with hypervir-
ulent strains, severe underlying disease, previous
episode severity, prolonged hospitalization and an-
tibiotic use for non-C. difficile infection after diagno-
sis are previously reported risk factors for rCDI (8).

In this study, we aimed to investigate the charac-
teristics of C. difficile infections followed up in our
hospital and to investigate the factors associated
with recurrence.

MATERIALS AND METHODS

Study Design and Population

The study was retrospectively conducted at Gire-
sun Training and Research Hospital between Sep-
tember 2021 and December 2023. Adult patients (18
years and older) with clinical signs of acute gastro-
enteritis and who were tested with gastrointestinal
polymerase chain reaction (GI PCR) panel test from
stool material and identified as C. difficile pathogen

were included in the study. Patients with signs of
acute gastroenteritis but no GI PCR panel test per-
formed or non-C. difficile pathogens detected in the
panel test were excluded.

Patients’ data were obtained from hospital medical
electronic file records. Age, gender, hospitalization
status (outpatient, ward admission or intensive care
unit admission), comorbidities, Charlson comorbid-
ity index, PPI use, history of hospitalization in the
last three months, history of gastrointestinal proce-
dures in the last month, statin use, antibiotic use in
the last two months, leukocyte count, serum creat-
inine, serum albumin, infection severity, treatment
administered for CDI, recurrence status, 28-day
mortality, all-cause mortality during hospitaliza-
tion, need for intensive care unit stay were record-
ed. Demographic and clinical data and outcomes of
CDI patients were evaluated. Variables in patients
with and without recurrence were compared, and
risk factors for recurrence were investigated.

Definitions

Severe infection was defined as a patient with a
leukocyte count >15,000 cells/mL, serum creatinine
>1.5 mg/dL or serum albumin <3 g/dL.

rCDI was defined as the recurrence of symptoms
within eight weeks after the onset of the first ep-
isode in patients whose symptoms improved with
appropriate antimicrobial treatment and the detec-
tion of C. difficile again in the GI PCR panel.

HIGHLIGHTS

e Clostridioides difficile infection (CDI) is important
because it is frequent and may have a more
severe course than most other gastroenteritis
agents.

e Presence of malignancy, presence of hematologic
malignancy, development of CDI episodes in the
intensive care unit, and continued antibiotic use
for reasons other than CDI after diagnosis were
found to be significantly higher in the rCDI group.

e Evaluation of patients who may develop rCDI,
which can cause significant mortality, in terms
of risk factors will contribute to the outcomes of
the disease.
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Hospital-acquired infection was defined as diarrhea
developing in a patient who had no symptoms and
signs at admission and who had been hospitalized
for at least 48 hours and C. difficile was detected in
the GI PCR panel.

The presence of immunosuppression was defined
as receiving chemotherapy treatment for cancer,
use of immunosuppressive biological drugs for sys-
temic autoimmune disease, or use of corticoste-
roids equivalent to prednisone at a minimum dose
of 20 mg/day for more than 14 days.

Microbiology

Stool samples of patients with diarrhea sent to the
laboratory in transport medium were analyzed by
multiplex real-time polymerase chain reaction (Rt-
PCR) method with QIAstat-Dx Analyzer 1.0 (Qia-
gen N.V, Germany) instrument and QIAstat-Dx
Gastrointestinal Panel 2 (Qiagen N.V,, Germany).
The collected fresh stool sample was resuspended
in a Cary-Blair transport medium (Copan, Italy).
Two hundred microliters of the liquid sample were
manually loaded into the QIAstat-Dx Gastrointesti-
nal Panel 2. Extraction, amplification and detection
of nucleic acids in the sample were performed au-
tomatically by QIAstat-Dx Analyzer 1.0. The liquid
sample is homogenized, and cells are lysed in the
lysis chamber of the QIAstat-Dx Gastrointestinal
Panel 2, which contains a high-speed rotating rotor
and silica beads for efficient cell lysis. Nucleic acids
are purified from the lysed sample by binding to a
silica membrane in the purification chamber of the
QIAstat-Dx Gastrointestinal Panel 2 in the presence
of chaotropic salts and alcohol. Purified nucleic ac-
ids are eluted from the membrane in the purifica-
tion compartment and mixed with lyophilized PCR
chemistry in the dried chemistry compartment of
the QIAstat-Dx Gastrointestinal Panel 2. The mix-
ture of sample and PCR reagents is dispensed into
the QIAstat-Dx Gastrointestinal Panel 2 PCR cham-
bers containing air-dried assay-specific primers and
probes. The QIAstat-Dx Analyzer 1.0 creates the
optimal temperature profiles to carry out effective
multiplex Rt-PCR and performs Rt-fluorescence
measurements to generate amplification curves.
The QIAstat-Dx Analyzer 1.0 software interprets
the resulting data and process controls and deliv-
ers a test report. Patients with C. difficile toxin A and
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B genes detected by this method were evaluated as
CDL

Statistical Analysis

The statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS) 26.0
(IBM Corp., Armonk, NY, USA). Mean, standard de-
viation, percentages and median (minimum-maxi-
mum) were used for descriptive statistics. Compli-
ance of quantitative data with normal distribution
was evaluated using the Kolmogorov-Smirnov test.
Mann-Whitney U test was used to compare quan-
titative data. The chi-square test or Fisher’s exact
test was used to compare the percentages between
independent groups. To investigate independent
risk factors for recurrence, multivariate logistic
regression analysis was performed with variables
with p<0.100 in univariate analysis. The statistical
significance was set as p<0.05.

RESULTS

A total of 669 GI PCR panel tests were performed
during the study period, and 384 were positive
for a causative agent. In samples where only one
agent was detected, the distribution was as follows:
Enteropathogenic Escherichia coli (EPEC) in 115 pa-
tients, C. difficile in 59 patients, norovirus GI/GII in
42 patients, enteroaggregative E. coli in 37 patients,
Shiga-like toxin-producing E. coli (STEC) in 34 pa-
tients, Campylobacter spp. in 29 patients, enterotoxi-
genic E.coli in 22 patients, rotavirus A in 12 patients,
Salmonella spp. in ten patients, sapovirus (GI, GII,
GIV, GV) in seven patients, Giardia lamblia in four
patients, Cryptosporidium spp. in three patients, en-
teroinvasive E. coli/Shigella in three patients, astro-
virus in three patients, adenovirus F40/F41 in two
patients, STEC serotype O157:H7 in two patients.
Among these patients, 59 CDIs were diagnosed. The
median age of the patients was 75 years, 57.6% were
male. The number of patients diagnosed during
hospitalization was 49 (83.1%). Metronidazole was
the most commonly used drug for the treatment of
CDI. Demographic and clinical data of the patients
and the outcomes are shown in Table 1. Fifty-three
(89.8%) patients had a history of antibiotic use
before CDI. The most frequently used antibiotics
were ceftriaxone, piperacillin-tazobactam, amox-
icillin-clavulanate and ciprofloxacin, respectively.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 1. Demographic and clinical characteristics of
Clostridioides difficile patients.

Table 2. Antibiotics used by patients with Clostridioides
difficile before the first episode.

Variables n=59 (%) Antibiotics n=59
Age, median (min-max) 75 (29-100) Cephalosporin 29
Gender (male) 34 (57.6) Ceftriaxone 23
Hospitalized patients 49 (83.1) Cefepime 2
Ch:arlson comorbidity index, median 5 (0-10) Cefazolin y
(min-max)

Antibiotic use in the last 2 months 53(89.8) Cefdinir 1
Hospitalization in the last 3 months 37 (62.7) Cefuroxime axef !
Severe infection 30 (508) Beta-lactam/beta-lactamase inhibitor 22

First episode treatment Piperacillin-tazobactam 11
Metronidazole 47 (79.7) Amoxicillin-clavulanate 7
Oral vancomycin 7(11.8) Ampicillin-sulbactam 4
Metronidazole + oral vankomycin 5(8.5) Fluoroquinolone 10

First episode outcome Ciprofloxacin 7
Recovery 42(71.2) Levofloxacin 3
Recurrence 8 (13.6) Carbapenem 8
Death 9(15.2) Meropenem 6
Intensive care unit admission 12 (20.3) Imipenem 1
28-day mortality 8 (13.6) Ertapenem 1
In hospital mortality 11 (18.6) Clarithromycin 2

Vancomycin 1
Details of antibiotics used before CDI are shown in Teicoplanin !
Table 2. Linezolid 1
Tigecycline 1

A total of eight patients developed rCDI. The devel-
opment of recurrence was observed in 21.4+11.6
days after the onset of the first episode. In the rCDI
group, the presence of malignancy and hematologic
malignancy, the development of CDI episodes in the
intensive care unit, and the continuation of antibiot-
ic treatment for non-C. difficile agent after diagnosis
of CDI were statistically more frequent (p<0.05). The
presence of immunosuppression and use of PPI be-
fore the infection were more common in rCDI group,
but statistical significance was not found. The com-
parison of patients with and without recurrence is
shown in Table 3. A model was created to identify
independent risk factors for rCDI, including malig-
nancy, hematologic malignancy, immunosuppres-
sion, PPI use, CDI episodes in the intensive care unit

Cetin S et al.

and continued antibiotic use for non-CDI infection
after CDI diagnosis. Malignancy and CDI episode in
intensive care unit were determined as independent
risk factors for recurrence (Table 4).

While mortality was not observed in any outpatient
patient, mortality developed during hospitalization
in 11 (18.6%) patients. Of these, nine were during
the first episode, and two were during recurrence.
Among the patients who developed mortality, the
rate of infection in the intensive care unit was
54.4%, the rate of antibiotic treatment continu-
ation for non-C. difficile cause after diagnosis was
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Table 3. Comparison of Clostridioides difficile infections with and without recurrence.

Variables No recurrence Recurrence p
(n=51) (n=8)
Age, median (min-max) 77 (29-100) 70 (51-90) 0.595
Gender (male) 28 (54.9) 6 (75) 0.447
Hospital-acquired infection 41 (80.4) 8 (100) 0.329
DM 12 (23.5) 2(25) 1
Malignancy 7 (13.7) 4 (50) 0.033
Hematologic malignancy 4(7.8) 3(37.5) 0.046
Immunosupression 10 (19.6) 4 (50) 0.081
CKD 15 (29.4) 1(12.5) 0.427
Charlson comorbidity index, median (min-max) 5(0-10) 5 (3-6) 0.964
PPl use 18 (35.3) 6 (75) 0.053
Hospitalization in the last 3 months 30 (58.8) 7 (87.5) 0.237
Gl procedure in the last 2 months 9(17.6) 1(12.5) 1
Statin use 13 (25.5) 1(12.5) 0.666
Antibiotic use in the last 2 months 45 (88.2) 8 (100) 0.583
Cephalosporin use 26 (50.9) 3(37.5) 0.706
Beta-lactam/beta-lactamase inhibitor use 17 (33.3) 5(62.5) 0.135
Fluoroquinolone use 7 (13.7) 2 (25) 0.595
CDlI episode in intensive care unit 7 (13.7) 4 (50) 0.033
Severe infection 25 (49) 5 (62.5) 0.706
Metronidazole monotherapy for first episode treatment 42 (82.3) 5 (62.5) 0.340
Continued antibiotic use for non-CDI infection after CDI diagnosis 20 (39.2) 7 (87.5) 0.019
Need for intensive care unit 11 (21.6) 1(12.5) 1
In hospital mortality 9(17.6) 2(25) 0.635

CDI: Clostridioides difficile infection, CKD: Chronic kidney disease, DM: Diabetes mellitus, GI: Gastrointestinal, PPI: Proton pump inhibitor.

90.9%, and the rate of severe infection was 100%.
These three variables were statistically significantly
more frequent in the mortality group compared to
the non-mortality group (p=0.003, p=0.001, p<0.001,
respectively). The median age was 84 years in the
mortality group and 75 years in the survivors, but
there was no statistically significant difference.

DISCUSSION

C. difficile is an important cause of antibiotic-as-
sociated diarrhea. The disease may have a mortal

course, especially in patients with comorbid con-
ditions. In many studies conducted worldwide, it
has been reported to be one of the most common
cause of gastroenteritis (9, 10). In a recent study of
175 cases of acute gastroenteritis reported from our
country, C. difficile was found to be the second most
common pathogen (11).

The disease is important because of its frequency
and more severe course compared to most other
gastroenteritis agents. In addition, C. difficile is an
important cause of nosocomial diarrhea (12). In

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 4. Logistic regression analysis for risk factors
associated with recurrence.

q OR
Variable (95% Cl) p
. 30.838
Malignancy (2.412-394.302) 0.008
. . . . 15.882
CDlI episode in intensive care unit (1.497-168.455) 0.022

CDiI: Clostridioides difficile infection, OR: Odds ratio,
Cl: Confidence interval.

our study, clinical characteristics, outcomes and
recurrence-associated factors of C. difficile patients
diagnosed in our hospital were analyzed. Due to its
high sensitivity, GI PCR may show false positive re-
sults in cases such as asymptomatic carriage and
colonization. There are reports that cases with a
positive PCR test but no toxin detected by immu-
noassay may receive an unnecessary diagnosis of
C. difficile (13). To avoid unnecessary diagnosis, PCR
test is recommended in patients with three or more
loose stools in 24 hours (6, 14). In our study, in order
to exclude these cases, liquid stool material from
patients with signs of acute gastroenteritis (three
or more watery stools in 24 hours) was evaluated as
previously recommended.

When examining the characteristics of the study
population, the advanced age, the high incidence
of infection occurring during hospitalization, the
high median value of the Charlson comorbidity in-
dex, and a history of antibiotic use in 53 patients
within the last two months stand out as prominent
features. These variables have previously been re-
ported as risk factors for CDI (15). All antibiotics
potentially pose a risk for CDI, but cephalosporins,
fluoroquinolones, clindamycin and beta-lactam/
beta-lactamase inhibitors, in particular, greatly in-
crease the risk (16). Cephalosporins, beta-lactam/
beta-lactamase inhibitors and fluoroquinolones
were the most frequently used antibiotics in our
study population in the last two months before di-
agnosis. The main reason for this is that these anti-
biotic groups are broad-spectrum and highly effec-
tive on gastrointestinal flora.

In our center, metronidazole was the most com-
monly used antibiotic for the treatment of C. diffi-
cile. The use of oral vancomycin in monotherapy or

Cetin S et al.

combination therapy was observed in 12 patients.
In the guidelines published in the United States of
America (USA) for the treatment of C. difficile, fi-
daxomycin was recommended as the first choice
for the treatment of the first episode. Alternatively,
oral vancomycin and metronidazole (if not severe
infection) were recommended (17). In our coun-
try, fidaxomycin is not reimbursed, and its use is
limited due to its high cost. For this reason, it was
observed that treatments other than fidaxomycin
were commonly used in the study population.

In a study conducted in our country involving pedi-
atric patients between the ages of 2-18 years, mor-
tality in the course of hospital-acquired CDI was
reported to be 5.3% (18). To our knowledge, there
is no report in the literature regarding mortality in
adult patients with CDI in our country. C. difficile has
been found to be the leading cause of gastroenteri-
tis-related deaths in studies conducted in the USA
(19, 20). In one study, one-year all-cause mortality
after CDI was reported to be 40.9% (21). Among the
patients in our study, mortality did not develop in
outpatients. All-cause mortality during hospitaliza-
tion was found to be 18.6%. It was observed that all
patients with mortality were patients with severe
infection. The continuation of antibiotic treatment
for non-C. difficile infection after CDI diagnosis and
the development of the disease in the intensive
care unit was found to be associated with mortality.

rCDI poses a significant challenge in the treatment
and follow-up of patients with CDI. In our study,
the recurrence rate was 13.6%. Studies conducted
in different centers have reported recurrence rates
between 13.5% and 20.9% for community-acquired
and hospital-acquired cases (19, 22). In studies in-
vestigating factors related to recurrence, severe CDI,
presence of inflammatory bowel disease, exposure
to cephalosporins, advanced age, gastric acid-sup-
pressing therapies, presence of underlying severe
comorbid disease, presence of previous CDI, serum
creatinine value >1.2 mg/dL, and use of addition-
al antibiotics other than CDI treatment have been
found as risk factors in different studies (8, 22-25).

In our study, the presence of malignancy, hemato-
logic malignancy, development of CDI episode in
intensive care unit, and continued use of antibiotics
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for infections other than CDI after diagnosis were
found to be significantly higher in the rCDI group.
In logistic regression analysis, presence of malig-
nancy and CDI infection developed in intensive
care unit were determined as independent risk fac-
tors for recurrence. It was thought that the effects
of malignant processes on the immune system and
the additional use of heavy immunosuppressive
treatments such as chemotherapy may complicate
the treatment of the disease in these patients and
lead to recurrence. Due to factors such as immuno-
suppression, impaired enteral nutrition, polyphar-
macy (gastric acid suppressor drugs such as PPIs),
hemodynamic instability and changes in gastroin-
testinal flora, which are frequently seen in critically
ill patients in the intensive care unit, may contrib-
ute to the recurrent course of CDI episode in the
intensive care unit. Antibiotic use is an important
risk factor for C. difficile both in the development
of disease and in the development of recurrence. It
is not surprising that the use of non-CDI antibiotic
treatment for a different infection while receiving
treatment for a CDI episode is common among the
group that experiences recurrence due to its nega-
tive effect on intestinal flora. Advanced age, which
has been found to be associated with recurrence in
many previous studies, was not found to be associ-
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ated with this condition in our study. Since the me-
dian age of the patients in our study was 75 years
and only 14 patients were under 65 years of age, in
other words, it was already a very elderly popula-
tion, the effect of advanced age on recurrence could
not be demonstrated. In addition, although immu-
nosuppression and PPI use were more frequent in
the group with recurrence in our study, statistical
significance was not found.

The limitations of our study include its retrospec-
tive and single-center design, limited sample size,
lack of hypervirulent strain evaluation and lack of
evaluation of antibody-related immune response to
C. difficile toxins.

In conclusion, to the best of our knowledge, our
study is the first study on recurrence in C. diffi-
cile patients reported from Turkiye. The frequen-
cy and high mortality rate of the disease is re-
markable. Evaluation of patients who may de-
velop recurrence in terms of risk factors and
close follow-up will help improve the outcomes
of the disease. Prospective and more comprehen-
sive studies to be conducted in our country will
contribute to the management of the disease.
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