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Abstract: Clostridioides difficile infection (CDI) is the main source of healthcare and antibiotic-associated
diarrhea in hospital context and long-term care units, showing significant morbidity and mortality.
This study aimed to analyze the epidemiological context, describing the severity and outcomes of this
event in patients admitted to our hospital, thus confirming the changing global epidemiological trends
in comparison with other cohorts. We conducted a single-center, observational, and retrospective
study at the Hospital do Espirito Santo (HESE), Evora, in Portugal, analyzing the incidence of CDI in
patients meeting eligibility criteria from January to December 2018. During this period, an annual
incidence rate of 20.7 cases per 10,000 patients was documented. The studied population average
age was 76.4 £ 12.9 years, 83.3% over 65. Most episodes were healthcare-acquired, all occurring in
patients presenting multiple risk factors, with recent antibiotic consumption being the most common.
Regarding severity, 23.3% of cases were classified as severe episodes. Recurrences affected 16.7%
of participants, predominantly female patients over 80 years old, all of whom were healthcare-
acquired. Mortality rate was disproportionately high among the older population. Our investigation
documented an overall incidence rate of over 10.4-fold the number of cases identified in the year 2000
at the same hospital, more recently and drastically, in community-associated episodes.

Keywords: Clostridioides difficile infection; diarrhea; epidemiology; healthcare-acquired; risk factors;
antibiotic consumption; community-acquired

1. Introduction

Clostridioides difficile (CD) is spore forming, gram-positive anaerobic bacterium, ca-
pable of infecting the gastrointestinal tract, responsible for CDI, through the release of
enterotoxin A and cytotoxin B, causing a diverse spectrum of conditions, varying from
asymptomatic colonization or mild diarrhea to fulminant life-threatening colitis [1,2]. This
is the most frequently diagnosed cause of antimicrobial and healthcare-associated diarrhea
in hospital institutions and long-term care units [3,4]. Over the past decades, numerous
studies have reported a significant increase in the incidence and severity of healthcare-
associated CDI, and more recently community-acquired episodes. This has been associated
with certain hypervirulent strains, specifically ribotype 027 (BI/NAP1/027), responsible for
producing a markedly increased toxins level, leading to high morbidity and mortality [5]. A
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survey funded by the European Center for Disease Prevention and Control (ECDC) in 2008
reported a 71% increase in CDI incidence compared to previous European surveillance stud-
ies [6]. As a result, the Centers for Disease Control and Prevention and other institutions
have made significant efforts to prevent infections and implement epidemiological surveil-
lance, resulting in a decrease in CD standardized infection ratio and its disease burden [7].
This trend in incidence may partially be explained by changes in high-risk antibiotic use. In-
appropriate, long term and cumulative exposure to clindamycin, penicillin, quinolones and
carbapenems has become a well-established risk factor for developing CD], as it disrupts
the intestinal microbiota, promoting the overgrowth of CD, therefore increasing the risk of
infection until three months after its cessation [8-12]. In primary care settings, it has been
found that at least 20% of prescribed antibiotics are deemed unnecessary [13]. Therefore,
the implementation of Antimicrobial Stewardship Programs are priority interventions in
the control of healthcare-associated infections [14]. During the period of 2012 to 2021, the
ECDC documented a significant decrease in total consumption of antibacterials, observed
for the EU overall [15]. There are additional risk factors that predispose patients to CDI,
including advanced age (over 65 years), recent hospitalization or long length of stay in a
healthcare setting, recent gastrointestinal surgery and the use of specific medications, such
as proton pump inhibitors (PPIs), non-steroidal anti-inflammatory drugs (NSAIDs) and
immunosuppressants. Patients receiving acid suppressing agents have a higher probability
of developing CDI, due to disruption of the indigenous gut microbiota [16,17].

The Infectious Diseases Society of America (IDSA), the Society for Healthcare
Epidemiology of America (SHEA) and the European Society of Clinical Microbiology
and Infectious Diseases (ESCMID) have published the most updated guidelines on CDI
management [18-20]. Developed by multidisciplinary specialists in infection preven-
tion and control, these recommendations prioritize discontinuing unnecessary antibiotic
therapy and ensuring proper fluid and electrolyte replacement as the initial therapeutic
approach [18-20]. In 2017, these guidelines brought important adjustments in CDI man-
agement, resulting in dynamic changes in treatment orientations, currently suggesting
either fidaxomicin or vancomycin as preferred choices over metronidazole, due to recent
data proven inferiority [19,20]. As a result, metronidazole is no longer recommended as a
first-line antibiotic agent and should only be considered when fidaxomicin and vancomycin
are not feasible or available. Fidaxomicin now is the preferred option due to its lower
recurrence rate and higher efficiency in eradicating CD [20]. In 2021, the ESCMID sup-
ported by a literature review performed by the Study Group for CD, published a treatment
guidance document, discussing novel approaches, such as fecal microbiota transplantation
and toxin-binding monoclonal antibodies, highlighting their high efficacy and safety pro-
files [20,21]. Bezlotoxumab was the first humanized monoclonal antibody against CD toxin
B approved for the prevention of recurrent disease in conjunction with standard-of-care
(SoC) antibiotic antibiotics by the U.S. Food and Drug Administration in October 2016
and afterwards by the European Medicines Agency in January 2017 [22]. This approval
was supported by phase 3 clinical trials data, showing reduced rates of CDI recurrence
as an adjuvant treatment compared with placebo [23]. Moreover, a study conducted in
Portugal, known as PIN35, suggests that bezlotoxumab in addition to SoC treatment had
a positive cost-effective ratio, reducing the disease recurrence rate, and economic burden
from medical costs and indirect expenditures, associated with prolonged length of stay [24].

Supportive care is a crucial aspect of managing CDI, alongside antibiotic treatment.
It involves a multidisciplinary approach, preventing electrolyte imbalance, dehydration,
or malnutrition. Patients should also be isolated to prevent infection transmission. Other
strategies, such as probiotics use, which are microorganisms that reinforce the epithelial
barrier by competitively excluding pathogenic bacteria from adhering to the intestinal
mucosa, offer potential health benefits for both CDI prevention and treatment [25,26].
However there has been limited evidence to support their effectiveness and future research
and stronger evidence will be needed to elucidate and evaluate the most effective probiotics,
optimum amount and ideal duration, as adjuvant therapy with SoC antibiotics. Studies
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estimate a recurrence rate range from 10 to 30% of all cases, and published data suggests
that second and/or subsequent episodes lead to not only significant increase in morbidity
and mortality, but also increased medical costs to the National Health Service (NHS) [5].
These financial implications transcend healthcare institutions implementing strict infection
control measures, such as environmental cleaning, including indirect medical costs and
cover productivity losses attributed to longer hospital stays and work absenteeism. This
significantly contributes to the overall financial burden posed by CDI, adding to the overall
financial burden [27]. As a result, other strategies and alternative therapies have been
explored and identified, leading to the discovery of new and more effective drugs [21,22].

One of the main objectives and activities foreseen for the Portuguese NHS in 2018,
according to the Ministry of Health, was to expand the epidemiological surveillance
of CDI [28]. Accordingly, our study gives a comprehensive perspective on the current
paradigm of this event in Portugal. Specifically, we perform an epidemiological analysis of
this infection on hospitalized patients at HESE, in Portugal, during 2018.

2. Materials and Methods
2.1. Study Design

We conducted a single-center, observational and retrospective study using patients
with CDI diagnosis at HESE, between January and December 2018. All episodes and
related recurrences occurring during the study period were identified and recorded for
patients meeting eligibility criteria. All studied subjects had a confirmed diagnosis of
CDJ, presenting diarrhea, defined as three or more unformed stools in 24 h, and positive
stool test for toxigenic CD and/or its toxins, or histological diagnosis (pseudomembranous
colitis). The primary endpoint was to evaluate the overall incidence of CDI episodes as
the average annual incidence (number of cases per 10,000 admissions), over the course of
a 1-year period. Furthermore, we aimed to analyze the correlation between pre-exposure
antibiotic drugs and other risk factors with the severity of infection, as well as determine
the effectiveness of different treatment regimens.

Additionally, we perform a supplementary descriptive review, focusing only on infec-
tion overall incidence, and both healthcare and community-acquired prevalence, during an
extended four-year period, from 2019 to 2022, using patients’ sociodemographic data, meet-
ing the same eligibility criteria and case origin information. The purpose of this extended
period analysis was to conduct a comparative analysis, evaluating the alignment between
the epidemiological changes documented in the existing literature and the findings derived
from our study.

2.2. Inclusion and Exclusion Criteria

The subjects meeting eligibility criteria were all adults (>18 years), institutionalized
at our hospital facilities, who had a confirmed diagnosis of CDI, according to the ECDC
surveillance protocol and met at least one of the following criteria: diarrheal stools with
a positive laboratory assay for CD toxin A and/or B or histological diagnosis, presenting
pseudomembranous colitis revealed by colonoscopy, between January and December
2018 [29]. Other causes of diarrhea, unrelated to CD, with positive results for other bacteria
such as Salmonella spp., Shigella spp., Escherichia coli or viruses, such as Rotavirus, were
excluded from the study. Any fecal specimen sample not fulfilling clinical guidance
standard Norms of Clinical Orientation, guideline No. 019/2014 submission criteria,
described by the Portuguese Directorate-General of Health, such as formed stool specimens,
samples stored above the 2-8 °C temperature range until delivery time in laboratory
services, microbiology department, or samples exceeding 24 to 48 h after collection, were
also excluded from the study [30].

2.3. Data Collection and Study Population

Digital data were collected from all hospitalized patients at our institution facilities
who were diagnosed with CDI during the study period and met the eligibility criteria.
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Sociodemographic (age group and sex), epidemiological (origin of acquisition), underlying
conditions or comorbidities of interest (diabetes, cardiovascular disease, kidney dysfunc-
tion, obesity, cancer, recent history of surgical interventions), laboratory test results, clinical
and therapeutic data were documented. The Charlson Comorbidity Index (CCI) score was
used as a method of categorizing comorbidities in patients, based on the International
Classification of Diseases diagnosis codes found in our hospital records data [31]. Addition-
ally, risk factors such as recent antibiotic consumption, advanced age and hospitalization
until eight weeks before disease onset, were collected. Patients’ information, including
medical records, clinical reports, laboratory results and drug prescription records were
accessed and recorded using digital systems, such as ALERT®, v2.8.3.1 and Sclinico®, v2.8,
Electronic Medical Prescription (PEM® v2.4.0) system and Hospital Information System,
(HS-SGICM—Glintt®, v2.0). We conducted a descriptive review, comparing our research
with other epidemiological studies, extracting crucial details like the first author’s name,
period of study, research location, overall CDI incidence, and antibiotic exposure rates for
comparative purposes. Employing a comprehensive and structured approach, we crafted
a search strategy to identify pertinent studies using specific keywords in databases such
as PubMed and Scopus and selected studies based on their epidemiological relevance,
aligning inclusion criteria with our study, ensuring quality assessment. We extracted and
compared CDI incidence rates, measured as the number of cases per 10,000 admissions,
depending on the defined cases.

2.4. Cases Identification/Classification and Definitions

According to ECDC and IDSA /SHEA, a primary incident case of CDI is defined by
the presence of diarrhea and a positive stool test (toxin or molecular assay) from a subject
with no positive test in the prior eight weeks. There are several classifications based on
disease origin/epidemiology and severity. According to these guidelines we established
the CDI origin in our study as healthcare-acquired (HA-CDI) or community-acquired
(CA-CDI) [18,32]. Patients with positive samples obtained more than 48 h after admission
at the hospital were classified as HA-CDI. Additionally, if patients required long-term
care facility stay, like nursing homes or residential homes, episodes were also considered
healthcare associated. Patients diagnosed at the hospital emergency services within 48 h
without hospitalization, and no history of admission or discharge of a healthcare facility
within the previous 12 weeks, were classified as CA-CDI, according to ECDC surveillance
protocol [6].

Moreover, the 2018 IDSA /SHEA and ESCMID guidelines categorized case severity.
An initial CDI episode is defined as a positive result obtained from culture, toxin, or
molecular assay for a diarrheal stool with no other infection being diagnosed in the previous
eight weeks [18,19]. Participants were classified as having either a non-severe (nsCDI),
severe (sCDI) or recurrent (rCDI) episode, based on variables like laboratory analysis,
clinical manifestations, disease severity and disease recurrence. Fulminant disease was not
included in our analysis due to the absence of identified episodes. An initial nsCDI was
defined as onset of symptoms with a positive diagnostic test and no history of infection
within the previous eight weeks without any associated complications. On the other hand,
an initial sCDI was classified based on laboratorial criteria, including the presence of
marked leukocytosis, White Blood Cell (WBC) count above 15,000 cells/uL, elevated serum
creatinine level (over 1.5 mg/dL), high blood lactate level, hypokalemia, and presence
of fever (body temperature > 38.5 °C). Recurrent episodes were defined as a positive
laboratory assay obtained between two and eight weeks after the diagnosis of a previous
episode, with symptoms recurrence [33].

The response to antibiotic treatment schemes was assessed based on the resolution of
diarrhea symptoms, with no further requirement for CDI treatment, improved analytical
parameters, absence of new disease signs, and negative stool Toxin A and B samples, all the
latter indicating CD eradication. Sustained cure was defined as treatment response without
recurrence during follow-up period. Relapse or reinfection occurred when patients did not
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respond to first-line antibiotic therapy, with symptoms persistence and positive CD toxin
assay within an 8-week period. We also aimed to compare annual incidence, mortality, and
recurrence rates data obtained on this study with cohorts from different populations and
time periods, documented in literature.

2.5. Statistical Analysis

We aim to compare and establish correlations between sociodemographic data, risk
factors, comorbidities, and the incidence, severity and characteristics of disease. Episodes
were categorized based on age groups, sex traits, antibacterial drug consumption, other risk
factors and underlying diseases of interest, relating to its severity and recurrence rate. The
overall incidence rate was determined as the number of patients with positive CD toxin
assay per 10,000 patients admitted to our institution, using data obtained from the labora-
tory services (microbiology department), divided by the number of hospitalized patients,
throughout 2018. All accessed from the hospital administrative management system.

The normal quantitative data were expressed as the mean + standard deviation,
median, minimum and maximum values. Descriptive statistics procedures were analyzed
using Microsoft Excel® 2013. Additionally, we used IBM® SPSS V.25 statistics software to
perform non-parametric correlation tests and multiple Spearman rank-order correlation
tests to determine if there were any correlation between the different variables in our study.

2.6. Ethics

The study protocol was approved by the Ethics Committee of the Hospital do Espirito
Santo de Evora (Approval ID number 042/22 of 3 May 2022) and data extraction was
according to the Portuguese General Data Protection Regulation [34].

3. Results
3.1. Incidence and Disease Burden

During our study, a total of 395 patients were recorded with active diarrhea, suspected
and therefore tested for CDI. Among them, 30 patients (7.6%) met the eligibility criteria and
were included for further analysis, representing 0.2% of all hospitalizations. Also, a total of
14,493 patients were admitted to our hospital facility, resulting in an annual incidence rate
of 20.7 cases per 10,000 hospitalized patients.

3.2. Sociodemographic/Incidence and Disease Burden

Among the studied population, most episodes were healthcare-acquired, representing
13.1 cases per 10,000 admissions rate. The population was mostly composed of elderly
patients. The average participants’ age was 76.4 £ 12.9 years [minimum 38-maximum
92 years], of which 83.3% were over the age of 65. There was a higher rate of female
patients compared to male patients (rate ratio = 1.15), 53.3% and 46.7%, respectively. Table 1
illustrates the sociodemographic characteristics of patients, the site of disease acquisition,
as well as the methods used for detection.

Among all patients, 63.3% (1 = 19) were diagnosed during hospitalization or acquired
CDI in another healthcare facility or long-term care unit and therefore classified as HA-CDL
In contrast, 36.7% (n = 11) of episodes were community-acquired. The majority of CDI cases
were identified and diagnosed through the detection of CD Toxins A and B in stool samples,
while only 6.7% were diagnosed through histological examination during colonoscopy.
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Table 1. Patient’s sociodemographic characteristics, infection acquisition site and detection methods.

Total Sample Size n = 30 No. (%)

.. Female 16 (53.3)

Sex of participants Male 14 (46.7)
<65 years old 5(16.7)

Group age of participants 65-80 years old 11 (36.7)

>80 years old 14 (46.7)

. . Healthcare-acquired CDI 19 (63.3)

Site of Acquisition of CD Community-acquired CDI 11 (36.7)

. Detection of CD Toxins A and B 28 (93.3)
Detection Methods Histological examination 2(6.7)

3.3. Clinical Outcomes and Risk Factors for CDI Development

Among the analyzed population, all participants presented risk factors that predis-
posed them to CDI and comorbidities that increased the risk for severe outcomes. Regarding
the patients’ sociodemographic traits, Table 2 provides a summary of their underlying
diseases and risk factors.

Table 2. Baseline patient risk factors and comorbidities.

Total Sample Size n = 30 No. (%)
Antibiotic therapy < 12 weeks 29 (96.7)
Patients’ risk factors Age > 65 years old 25 (83.3)
Hospitalization < 8 weeks 19 (63.3)
Any antibiotic consumption 29 (96.7)
Patients’ concomitant Proton-pump inhibitors or Gastric acid suppressants 18 (60.0)
medication Immunosuppressant drugs 6 (20.0)
Continuous NSAIDs 3(10.0)
>1 Comorbidity of interest 29 (96.7)
Arterial hypertension 26 (86.7)
Surgery < 2 months 15 (50.0)
Obesity 5(16.7)
Peptic gastric ulcer 6 (20.0)
Underlying conditions/ Nasogastric Tube 5(16.7)
Comorbidities Diabetes 14 (46.7)
Immunocompromised 6 (20.0)
Dementia 20 (66.7)
Cancer/Neoplastic diseases 4 (13.3)
HIV/AIDS 1(3.3)
Moderate to severe hepatic impairment 12 (40.0)

All patients in our study presented underlying conditions and comorbidities, resulting
in polypharmacy, with six or more concomitant medications for the treatment of chronic
illnesses and other medical conditions. The majority of participants, 96.7%, presented
additional clinical conditions and multiple comorbidities, with cardiovascular diseases
being the most predominant, especially arterial hypertension. Neoplastic diseases were also
recorded in the studied population, as two patients presented metastatic colorectal cancer,
both undergoing chemotherapy, and one patient receiving radiotherapy and chemotherapy
for a neurological cancer (glioblastoma). Another participant had been diagnosed with non-
Hodgkin lymphoma one year prior to CDI and was not currently undergoing chemotherapy.
All participants presented multiple risk factors. Among the analyzed risk factors, the most
important and prevalent was high-risk antibiotic consumption in the 12-week period prior
to infection. Furthermore, continuous PPIs therapy within eight weeks before or during
the observation period was recorded in most of patients.
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3.4. Infection Characteristics

According to IDSA /SHEA guidelines case definitions, episodes were classified as
HA-CDI or CA-CDI based on their origin. However, the management of CDI is commonly
discussed in terms of severity and number of episodes. Therefore, for infection severity,
we assessed analytical, clinical, and physiological criteria, resulting in the classification of
initial non-severe and severe CDI episodes, or recurrences. Regarding infection severity,
Table 3 provides a summary of its distribution and characterization.

Table 3. Distribution of CDI cases by its origin and severity classification.

C. difficile Distribution C. difficile Origin Classification
C. difficile Severity Overall CDI HA-CD], CA-CDI],
Classification n =30, No. (%) n =19, No. (%) n =11, No. (%)
Non-Severe CDI (nsCDI) 18 (60.0) 10 (52.6) 8 (72.7)
Severe CDI (sCDI) 7 (23.3) 4(21.1) 3(27.3)
Recurrent CDI (rCDI) 5(16.7) 5(26.3) 0 (0.0

Among all patients, 60.0% met eligibility criteria for nsCDI, presenting symptom onset
with a positive diagnostic test, no recent infection within the previous eight weeks, and
absence of severe analytical characteristics or symptoms. Severe episodes, characterized by
the presence of fever, marked leukocytosis, rise in creatinine and high lactate serum level at
presentation, were observed in 23.3% of participants. Recurrent infections, characterized as
a recurrence of symptoms within eight weeks or less of a primary episode, were recorded in
16.7% of cases. All recurrences were healthcare associated, and most community-acquired
cases were characterized as non-severe episodes. Additionally, we also conducted an
analysis considering demographic factors such as age group, sex, comorbidities, number of
risk factors, and annual distribution, as summarized in Table 4.

Throughout our research, most patients presented fever, and elevated analytical pa-
rameters, including increased WBC count and above-normal serum lactate levels. High
serum creatinine levels and hypokalemia was also presented in most sCDI cases, requiring
serum electrolyte monitoring and correction. These analytical markers were more consis-
tently observed in sCDI and rCDI episodes, all exhibiting fever and marked leukocytosis at
presentation. There were no significant differences in the overall CDI distribution for our
participants, however recurrent CDI was more prevalent in female subjects. Additionally,
HA-CDI was also more frequently recorded in females, while CA-CDI was more frequent
in male patients. Most of the studied participants were aged over 65 years. These patients
exhibited more marked electrolyte imbalance, requiring serum monitoring and correction,
with 71.4% of sCDI cases developing hypokalemia. Severe episodes were mostly reported
in elderly patients (85.8% of participants). Consistently, recurrent episodes were also more
prevalent in older patients, since 80.0% of these episodes were recorded in patients over
80 years old. Considering the site of acquisition, healthcare-related infections were more
frequent in advanced age subjects, when compared with CA-CDL

We recorded the number and types of comorbidities and underlying conditions of
each patient, and then characterized them using the Charlson Comorbidity Index (CCI)
classification. All studied subjects presented multiple underlying conditions of interest,
with 76.7% of participants documenting three or more comorbidities. The median CCI
score was 9.1 = 1.6 for all participants (ranging from 5 to 15), with 63.3% of patients scoring
9.0 or higher. Among patients aged above 65 years, a higher CCI score was identified
when compared to younger patients. Furthermore, patients that developed severe episodes
presented higher CCI scores, in the range of 10-12, when compared with nsCDI and
rCDI cases.

A Multiple Spearman’s correlation test was run to assess the relationship between the
Charlson Classification Index and infection criteria for CDI from our sample, shown in
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Table 4. There were statistically significant correlations between serum lactate levels and
CCIp=0.023.

Table 4. Patients” data distributed by CDI severity and origin classification.

C. difficile Classification Overall CDI nsCDI sCDI rCDI HA-CDI CA-CDI
(Sample Size) (n=30) (n=18) n=7) (n=5) (n=19) (n=11)
Number of Patients, (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Fever (>38.5 °C) 21 (70.0) 9 (50.0) 7 (100.0) 5 (100.0) 14 (73.7) 7 (63.6)
Analvtical WBC > 15,000 20 (66.7) 9 (50.0) 7 (100.0) 5 (100.0) 13 (68.4) 7 (63.6)
nalytica High creatinine 15 (50.0) 8 (44.4) 6 (85.7) 1 (20.0) 9 (47.4) 6 (54.5)
criteria Hypokalemia 20 (66.7) 12 (66.7) 5 (71.4) 3 (60.0) 13 (68.4) 7 (63.6)
Hyperlactatemia 14 (46.7) 10 (55.6) 3 (42.9) 1(20.0) 8 (42.1) 6 (54.5)
Sex of Female 16 (53.3) 9 (50.0) 3 (42.9) 4 (80.0) 14 (73.7) 2(18.2)
participants Male 14 (46.7) 9 (50.0) 4(57.1) 1(20.0) 5(26.3) 9 (81.8)
30-48 years 2(6.7) 1(5.6) 0(0.0) 1(20.0) 2 (10.5) 0(0.0)
Group age of 48-64 years 3(10.0) 2 (11.1) 1(14.3) 0 (0.0) 0 (0.0) 2(18.2)
participants 65-80 years 11 (36.7) 8 (44.4) 3 (42.9) 0 (0.0) 7 (36.8) 5 (45.5)
>80 years 14 (46.7) 7 (38.9) 3 (42.9) 4 (80.0) 10 (52.6) 4 (36.4)
CCI 5-6 Score 3 (10.0) 2(11.1) 1(14.3) 0 (0.0) 1(5.3) 2(18.2)
Charlson CCI 7-8 Score 8(26.7) 5 (27.8) 2 (28.6) 1(20.0) 5 (26.3) 3(27.3)
Comorbidity CCI 9-10 Score 15 (50.0) 9 (50.0) 2 (28.6) 4 (80.0) 10 (52.6) 5 (45.5)
Index CCI 11-12 Score 2(6.7) 0 (0.0) 2 (28.6) 0 (0.0) 2 (10.5) 0(0.0)
CCI > 12 Score 2(6.7) 2(11.1) 0(0.0) 0 (0.0) 1(5.3) 1(9.1)
One 4(13.3) 3(16.7) 0(0.0) 1(20.0) 3(15.9) 1(9.1)
Number of Two 12 (40.0) 6 (33.3) 4(57.1) 2 (40.0) 6 (31.6) 6 (54.5)
risk factors Three 10 (33.3) 6 (33.3) 3 (42.9) 1(20.0) 7 (36.8) 3(27.3)
>Four 4(13.3) 3(16.7) 0(0.0) 1(20.0) 3(15.9) 1(9.1)
N None AMC 1(3.3) 1(5.6) 0(0.0) 0 (0.0) 0 (0.0) 1(9.1)
é“gmﬁrogli One AMC 8 (26.7) 4(22.2) 3 (42.9) 1 (20.0) 4(21.1) 4 (36.4)
( :Msg) pHo Two AMC 16 (53.3) 11 (61.1) 2 (28.6) 2 (40.0) 10 (52.6) 5 (45.5)
>Three AMC 5(16.7) 2(11.1) 2 (28.6) 2 (40.0) 5 (26.3) 1(9.1)
1st trimester 9 (30.0) 7 (38.9) 1(14.3) 1(20.0) 3(15.8) 6 (54.5)
CDI year 2nd trimester 8 (26.7) 2(11.1) 4(57.1) 2 (40.0) 6 (31.5) 2(18.2)
distribution 3rd trimester 8(26.7) 4(22.2) 2 (28.6) 2 (40.0) 6 (31.5) 2(18.2)
4th trimester 5(16.7) 5 (27.8) 0(0.0) 0 (0.0) 4(21.1) 1(9.1)
Mortality rate Clinical endpoint 7 (23.3) 2 (11.1) 4(57.1) 1 (20.0) 5(26.3) 2(18.2)

Risk factors were evident among all study participants, irrespective of their severity
and origin of CDI, with prior antibiotic exposure emerging as the predominant factor. Most
participants were exposed to multiple antibiotic drugs during the study. All sCDI and rCDI
episodes had previous antimicrobial consumption. Moreover, only one patient with a non-
severe episode and a CA-CDI had no record of previous antibiotic consumption. Exposure
to multiple antibiotic drugs were also more prevalent in HA-CDI cases, when compared to
CA-CDI episodes. Additionally, all severe episodes were developed by subjects who were
previously exposed to antibiotics and aged over 65 years old, simultaneously. The presence
of multiple risk factors was recorded in 86.7% of all patients at presentation, accounting for
all sCDI recorded episodes and 80.0% of recurrences. Also, patients hospitalized due to
CDI spent on average 26 days at our hospital.

CDI incidence was evenly distributed across all the period of study, but more prevalent
in the first trimester of the year. Severe episodes and recurrences were mostly recorded
in the second and third trimester of the year, compared to nsCDI, which were mostly
healthcare-acquired. This research revealed a mortality rate of approximately 23.3%, mostly
in older participants, especially those aged over 65 years. The latter occurred in participants
meeting multiple underlying diseases and risk factors at presentation. It was also more
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frequent in healthcare-acquired episodes. Finally, all deaths occurred in subjects pre-
exposed to high-risk antibiotic drugs.

3.5. Medication Profile

Cumulative antibiotic exposure, use of multiple antibacterial agents, and increased
therapy days all contributed to increased risk of CDI development. Antibiotics such as
clindamycin, third-generation cephalosporin, amoxicillin, and fluoroquinolones have been
described to be related to higher infection risks [8]. Our study revealed that most patients
had prior antibiotic consumption, with previous history of treatment with multiple antibac-
terial agents identified (mean: 2.03 & 0.72). According to the World Health Organization,
the consumption of antibacterials is expressed by the Anatomical Therapeutic Chemical
(ATC) classification system classes J01 group, which comprises all antibacterials for sys-
temic use. Table 5 summarizes overall antibiotic exposure in the 12-week period prior to
CDJ, and distribution based on infection severity or origin.

Table 5. Antibiotic consumption distributed by CDI classification.

ATC Antibiotic Overall, nsCDI, sCDI, rCDI, HA-CDI, CA-CDI,
Classification Classes No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Jo1 Any antibiotic 29 (96.7) 17 (94.4) 7 (100.0) 5 (100.0) 18 (94.7) 11 (100.0)
JO1C/JO1CR Penicillin derivatives 18 (60.0) 11 (61.1) 5(71.4) 2 (40.0) 11 (57.9) 7 (63.6)
JoIM Fluoroquinolones 13 (43.3) 8 (44.4) 3 (42.9) 2 (40.0) 8 (42.1) 5 (45.5)
Jo1D Cephalosporins 8 (26.7) 7 (38.9) 0 (0.0) 1 (20.0) 6 (31.6) 2(18.2)
JO1DH Carbapenems 6 (20.0) 4(22.2) 2 (28.6) 0 (0.0) 3(15.9) 3(27.3)
JO1G Aminoglycosides 4(13.3) 2 (11.1) 2 (28.6) 0 (0.0) 3(15.9) 1(9.1)
JO1FF Clindamyecin 2(6.7) 0 (0.0) 1(14.3) 1 (20.0) 2 (10.5) 0(0.0)
JO1FA Macrolides 1(3.3) 0 (0.0) 0(0.0) 1 (20.0) 1(5.3) 0 (0.0)
J01B, JO1G, JO1X Other antibiotic 9 (30.0) 2 (11.1) 2 (28.6) 5 (100.0) 7 (36.8) 2 (18.2)

According to the 2018 report from INFARMED—National Authority for Medicament
and Health Products, I.P,, during this study, our hospital institution recorded an antibiotic
consumption index corresponding to 4.4% of all drugs consumption. This represents a
total of 150,222 units, accounting for 35.8% of overall antimicrobial consumption in the
region of our study, and 1.5% of all hospital-associated antibiotic consumption in Portugal
in 2018 [35]. Their report also provided information on antibiotic exposure in our hospital
facility based on ATC classification. Additionally, this report documented a cephalosporin
consumption index of 21.5%, similar to the exposure rate presented in this work. Our
patients also exhibited higher rates of fluoroquinolones and carbapenems consumption,
with rates of 43.3% and 20.0%, respectively.

We aim to assess antibiotic consumption in our sample and analyze the prevalence
according to the origin and severity of CDI episodes. All patients who developed sCDI or
rCDI received antibacterial therapy in the 12-week period prior to infection. All community-
acquired CDI cases were also associated with antibiotic use, with penicillin derivatives
being the most common. Furthermore, 26.7% of all participants had concomitant treatment
with penicillin derivatives and fluoroquinolones, while 13.3% were treated with both
penicillin and cephalosporin, all the latter high-risk antibiotics. Previous exposure with
clindamycin (one of the higher-risk antibiotics) was exclusively identified in patients with
sCDI and rCDI, both healthcare-associated.

3.6. Pharmacological Treatment Effectiveness

The main goal of treatment is resolution of diarrhea and prevention of recurrence, thus
decreasing the burden of disease. The initial step in managing CD eradication involves
minimizing unnecessary antibiotic exposure and immediate discontinuation of inciting
antimicrobial agents. Treatment regimens may vary depending on severity of the episode
at presentation and number of recurrences. Sustained cure or effectiveness of antibiotic
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therapy was defined as the absence of symptoms, recurrence or reinfection during the 8-
week follow-up period, with a negative stool Toxin A and B assay. We analyzed the overall
success of treatment protocols as a first-line antibiotic therapy and specifically for each
severity and origin classification of the disease. Thus, Table 6 provides a summary of the
management of CDI first-line treatment based on severity and origin and its corresponding
effectiveness.

Table 6. Management of CDI treatment schemes and its effectiveness.

Antibiotic Drug Metronidazole Vancomycin Metronidazole/Vancomycin
(ATC Classification) J01XDo1 JO1XA01 JO1XD01/J01XA01
C. difficile First-Line Effectiveness First-Line Effectiveness First-Line Effectiveness
Classification No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Overall CDI (n = 30) 26 (86.7) 16 (61.5) 3(10.0) 0(0.0) 1(3.3) 1 (100.0)
nsCDI (n = 18) 16 (88.9) 11 (68.8) 2(11.1) 0(0.0) 0 (0.0) N/A
sCDI (n=7) 6 (85.7) 4 (66.7) 0(0.0) N/A 1(14.3) 1 (100.0)
rCDI (n = 5) 4 (80.0) 1(20.0) 1 (20.0) 0(0.0) 0 (0.0) 0(0.0)
HA-CDI (n =19) 15 (78.9) 10 (66.7) 3(15.8) 0(0.0) 1(5.3) 1 (100.0)
CA-CDI (n =11) 11 (100.0) 6 (54.4) 0(0.0) N/A 0(0.0) N/A

Successful outcomes were achieved with patients treated with metronidazole (first
line of treatment for most cases) as an isolated antimicrobial agent, indicated by a sustained
cure in most cases and high effectiveness in CD eradication, regardless of infection severity.
Mainly recurrent cases were refractory to metronidazole in monotherapy. In contrast,
oral vancomycin was employed as a single antibiotic agent to treat fewer CDI episodes
within our studied population. Additionally, CD demonstrated resistance to vancomycin
regimens, leading to treatment failure and subsequent disease relapse, when used as a first-
line agent for both nsCDI and rCDI episodes. Also, all patients treated with vancomycin
were healthcare-associated. Finally, the combination treatment scheme of metronidazole
and vancomycin was consistently effective regardless of case severity or origin, especially
in sCDI and HA-CDI episodes. Other supportive measures, such as rehydration and
correction of electrolyte imbalances were implemented for all patients diagnosed with CDI,
despite severity classification or type of treatment.

3.7. The Role of Probiotics in CDI

Our research showed that most episodes (63.3%) were treated with combined SoC
antibiotic regimens and probiotics, documented mostly in female participants. Among
these cases, 79.9% achieved CD eradication and did not experience refractory or recurrence
of disease. Most sCDI cases (71.4%) and all rCDI episodes received probiotic therapy either
to prevent further recurrence events or to enhance treatment effectiveness, when compared
to primary nsCDI episodes. Notably, all episodes treated with probiotics showed higher
effectiveness rates in CD eradication, regardless of the severity of the infection.

3.8. Correlation Analysis

We took information from Tables 3-5 and other collected information and ran a
multiple correlation matrix. Variables considered for this test were sex, age, Charlson Index,
antibiotic intake, CDI site of acquisition and severity, refractory therapy, initial antibiotic
treatment and probiotics use. Our Multiple Spearman’s correlation indicated, from all the
thirty patients, there were statistically significant correlations in CDI Severity vs. Use of
Probiotics (p = 0.003), Refractory to Initial Therapy vs. Use of Probiotics (p = 0.003), Sex vs.
Use of Probiotics (p = 0.05) and Site of Acquired Infection vs. Sex (p = 0.002).

3.9. Epidemiological Tendency of CDI Episodes at HESE (2018-2022)

The focus of this study was to evaluate the epidemiology of CDI and assess the
clinical impact of this event on hospitalized patients during 2018. Additionally, we also
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conducted an analysis focusing only on infection incidence during an extended four-year
period, using patients” sociodemographic data, meeting the same eligibility criteria and
case origin information. This additional descriptive review performed between 2019 and
2022, detailing CDI incidence, and both healthcare and community-acquired prevalence, in
addition with data from another study performed in our hospital institution, by Silva et al.
2012, is summarized on Table 7 [36]. The purpose of this extended period of analysis was
to confirm the increasing CDI incidence tendency reported in the literature, particularly in
CA-CDI cases.

Table 7. CDI episodes distribution in hospitalized patients at HESE (2000-2022).

Author’s Name/ Overall CDI HA-CDI, CA-CDI],

Study Period Incidence No. (%) No. (%)

Present study, 2022 23.5 cases per 10,000 10.4 (44.1) 13.1 (55.9)

Present study, 2021 18.1 cases per 10,000 10.4 (57.7) 7.7 (42.3)

Present study, 2020 22.2 cases per 10,000 11.1 (50.0) 11.1 (50.0)

Present study, 2019 28.5 cases per 10,000 16.0 (56.1) 12.5 (43.9)

Present study, 2018 20.7 cases per 10,000 13.1 (63.3) 7.6 (36.7)

Silva et al., 2012 (2008) [36] 16.0 cases per 10,000 12.0 (75.0) 4.0 (25.0)

Silva et al., 2012 (2001-2007) [36] 5.2 cases per 10,000 16.0 (77.2) 5.0 (22.8)
Silva et al., 2012 (2000) [36] 2.0 cases per 10,000 N/A N/A

Over this four-year period, a total of 58,099 patients were admitted and hospitalized
at our hospital facility, and we recorded 134 positive cases of CDI, accounting for an
average annual incidence rate of 23.1 cases per 10,000 hospitalizations (ranging from 18.1
to 28.5 cases per 10,000 patients). A consistent pattern in elderly participants was recorded,
with an average age of 77.0 £ 9.9 years (87.3% over the age of 65), consistent with the
2018 data. Silva et al. (2012), reported an increase in CDI incidence at the same hospital
facility, during the early 2000’s. An 8-fold increase in incidence was documented during
an eight-year period (2000 to 2008), recording 16.0 cases per 10,000 hospitalized patients
in 2008, most of them being healthcare-acquired [36]. Throughout our investigation, an
increase in community-acquired infections prevalence compared to healthcare-acquired
was observed. Figure 1 shows a visual representation of the evolution of overall CDI
incidence, during a twenty two-year period, and both HA-CDI and CA-CDI prevalence at
our hospital institution, since 2007.
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Figure 1. CDI episodes distribution in hospitalized patients at HESE (2000-2022).

As documented by Silva et al., (2012) [36] and our study, overall CDI episodes inci-
dence consistently increased in our institution overtime, as observed with the prevalence
of CA-CDI episodes. These findings align with other cohorts indicating an increasing trend
in community-acquired episodes, with a 2.5-fold increase since 2007, and within our period
of study, accounted for 55.9% of all CDI cases, in 2022.
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3.10. Comparative Epidemiology Analysis

Epidemiological data regarding CDI in Portugal remains limited; therefore, we con-
ducted a literature review, focusing on epidemiological details. Eleven studies were in-
cluded based on our predefined inclusion criteria for this descriptive review. Table 8
summarizes disease overall incidence rate (number of CDI cases per 10,000 admissions)
and antibiotic consumption rate (AMC percentage, %) in this study as well as in Portugal,
Europe, and North America.

Table 8. Annual overall incidence of CDI and antibiotic consumption rates in other cohorts.

Author’s Name/ Study Research Overall CDI AMC
Reference Period Location Incidence (%)
Present Study (4-year period) 2019-2022 HESE 23.1/10,000 patients N/A

Present Study 2018 HESE 20.7/10,000 patients 96.7
Barbosa-Martins et al. [37] 2018 HSO 4.8/10,000 patients 68.4
Teixeira et al. [38] 2017 Portugal 9.0/10,000 patients N/A
Nazareth et al. [39] 2017 Portugal 20.2/10,000 patients 86.0
Balsells et al. [40] 2016 United States  22.4/10,000 patients N/A
Sintra et al. [41] 2010 CHUC 21.6/10,000 patients 95.8
Silva et al. [36] 2008 HESE 16.0/10,000 patients 91.2
Bauer et al. [42] 2008 Portugal 13.0/10,000 patients 79.0
Vieira et al. [43] 2007 CHLO 15.4/10,000 patients 82.0
Asensio et al. [44] 2007 Spain 12.2/10,000 patients 40.7
Gastmeier et al. [45] 2007 Germany 46.5/10,000 patients 60.0
Cardoso et al. [46] 2004 HFF 4.3/10,000 patients 71.0
Silva et al. [36] 2000 HESE 2.0/10,000 patients 91.2

Abbreviation: AMC: antimicrobial consumption; HESE: Hospital do Espirito Santo, Evora; HSO: Senhora da
Oliveira Hospital—Guimaraes; CHUC: Coimbra University Hospital; CHLO: Western Lisbon Hospital Center;
HFF: Hospital Professor Doutor Fernando Fonseca, Amadora; N/A: Not applicable.

We compare the results documented on this research with published data, which
pointed to a sustained increase in overall CDI incidence rate, especially community-
acquired episodes and a decrease in healthcare-acquired cases over the past decade [3,7].
Furthermore, we compared antibiotic intake prior to infection.

4. Discussion
4.1. Infection Distribution by Severity and Origin

Regarding case severity and CDI epidemiological origin, our results revealed that
healthcare-associated infections were more aggressive, as all recurrent episodes and the ma-
jority of severe cases (57.1%) were described as HA-CD], also supporting the evidence from
other studies [47]. Recurrent episodes were consistently lower in community-associated
infections, compared to healthcare-associated, as per the literature [3,5,7]. In contrast,
most community-associated CDI cases exhibited more indolent episodes, with 72.7% being
classified as nsCDI, and no recurrence being associated. Patients diagnosed with CA-CDI
were younger and reported less antibiotic exposure during the 12 weeks prior to diagnosis,
as shown by Khanna et al. (2012) [48].

4.2. Risk Factor and CDI Severity

During the observation period all patients had known risk factors for CDI develop-
ment, with antibiotic exposure as the most important and modifiable factor. Our study
revealed the highest CDI association with antibiotic consumption rate, compared to other
Portuguese cohorts. All patients who developed severe episodes and recurrences, represent-
ing all CA-CDI cases, had pre-exposure to antibiotic drugs in the 12-week period preceding
the infection. Our studied population had a fluoroquinolones and carbapenems consump-
tion 3.5 times higher than the reported by the Portuguese National Authority of Medicines
for our institution and period of study [35]. Notably, cephalosporin consumption was
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most commonly associated with severe episodes. Furthermore, all clindamycin-associated
infections were healthcare-acquired, and these patients experienced more severe infections.
All patients pre-treated with clindamycin experienced treatment failure and disease relapse,
irrespective of the drug used for CD eradication.

Studies have demonstrated that specific strains of probiotics can reduce the risk,
severity, and duration of diarrhea in CDI patients as well as decrease the recurrence rate of
the infection [26]. In our study, 63.3% of patients received probiotics in conjunction with
SoC antibiotics. Remarkably, these patients demonstrated a high cure rate, with no relapse
of infection being recorded, particularly among female subjects. While its effectiveness in
preventing and treating CDI remains limited, our findings establish a strong correlation
between CDI severity and probiotic use. Therefore, our study contributes to the existing
but limited literature, supporting the potential benefits of probiotics in managing CDI.
Therefore, physicians should be more sensitive and alert in prescribing both prebiotics and
probiotics during antibiotic therapy. This finding may explain the higher proportion of
females receiving probiotics compared to males in our study and the correlation observed
between gender and probiotic usage, as documented by Liu et al., 2020 and Yoon & Kim,
2021 [25,49].

Older patients are more susceptible to CDI compared to younger patients both in terms
of incidence and mortality, due to changes in microbial gut diversity, weakened immune
systems, presence of comorbidities, and overall frailty [49]. Our findings reinforce that
susceptibility, as most of the included patients were aged over 65 years. This highlights the
higher prevalence of severe cases and recurrences in the elderly population, both occurring
mostly in individuals over 80 years old. This investigation revealed an overall mortality rate
of 23.3%, mainly observed in patients with multiple underlying diseases and risk factors, as
supported by the literature. This event was consistently observed in patients with previous
antibiotic exposure. Regarding the seasonal distribution, HA-CDI episodes were more
predominant in the second and third trimesters of the year. This pattern may suggest a
possible nosocomial outbreak during this period, as more aggressive CDI episodes and
recurrences were documented during these two trimesters, within our study period.

Studies suggest that CDI affects both men and women equally. Within our sample,
there was no significant difference in CDI distribution overall, regardless of the participants’
gender. Esteban-Vasallo et al. (2016) and more recently, Younas et al. (2021), analyzed
the association between gender and CDI acquisition, suggesting a higher association of
CA-CDI with women. However, our findings indicate a stronger statistical correlation
between female patients and HA-CDI, which can partially explain the higher recurrence
rates observed in women, associated with more resistant CD strains [50,51].

Community-associated CDI was more prevalent in male patients. Moreover, recurrent
CDI episodes were consistently more prevalent in females and severe episodes were more
frequent in males. These findings are in agreement with other studies, indicating that
women are more susceptible to recurrence, due to variations in microbiota composition
influenced by hormonal factors and differences in immune response mechanisms, that may
increase the risk of CD colonization and overgrowth [52,53].

Regarding the correlation between CCI and hyperlactatemia, lactate levels have long
been recognized as a crucial factor linked to poor prognosis in critically ill patients. While
hyperlactatemia upon ICU admission has been established as a reliable prognostic marker,
subsequent changes in lactate concentration have also been proven to possess independent
predictive value. The initial lactate level serves as a valuable target in patients suspected of
infection or septic shock, offering insights into their morbidity and mortality risk within
a 30-day period. Therefore, the effect of serum lactate levels could influence in greater
proportion the associated comorbidities and outcome of our patient sample [54,55].

4.3. Pharmacological Treatment Effectiveness

Our study documented that physicians, regardless of case severity, prescribed metron-
idazole as first-line treatment, following the 2018 guidelines. However, multiple studies
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have reported a decreased effectiveness in eradicating CD, updating those guidelines,
in which metronidazole is no longer recommended as a first-line agent for CDI treat-
ment [18,19]. Our study summarized real-world data regarding treatment schemes ef-
fectiveness within our study population. Interestingly, our findings demonstrated that
metronidazole was highly effective in eradicating CD in most initial non-severe and severe
cases, supporting the 2018 guidelines. All CA-CDI episodes were also successfully treated
with metronidazole. Conversely, all patients treated with oral vancomycin experienced
treatment failure and refractory CDI, regardless of the severity of the infection. All of these
infections were healthcare-associated, which could explain the high refractory rate and
vancomycin treatment failure. As described in Table 3, these patients developed most of the
severe infections and all recurrences, probably related to patient-to-patient transmission of
certain resistant strains to SoC antibiotics. Also, these patients were previously treated for
CDI, which could result in antibiotic resistance. Our findings documented the efficacy of
combined double treatment regimens, using both metronidazole and vancomycin, which
proved highly effective in CD eradication. No relapses were recorded during the period
of study, when this dual antibiotic scheme was used as either initial treatment or after
treatment failure.

4.4. Overall Infection Distribution by Country and Study Period

The overall incidence rate of CDI has shown a substantial increase over time. Our
study showed a 10.4-fold increased incidence of this event over an eighteen-year period [36].
Similar findings were reported in studies conducted during the early 2000s, where CDI
incidence rates were lower worldwide but displayed a rising trend until 2007 [5]. Addition-
ally, identical incidence rates have been documented in cohorts worldwide during a time
period close to our study, indicating an increase in infection rates compared to previous
decades [3,7,55].

A study involving six Portuguese public hospital centers, from 2017, found an inci-
dence rate of 20.2 per 10,000 admissions, consistent with our findings [39]. Another study
conducted at the North Lisbon University Hospital Center, found an incidence rate of
15.4 cases per 10,000 patients in 2007, similarly to the previous report from our hospital in
2008 [36,43]. Additionally, the EUCLID study group published a multi-center, prospective
bi-annual point prevalence study of CDI in hospitalized patients, revealing an average
incidence rate of 14.7 cases per 10,000 patients in Portuguese participating centers, between
2011 and 2013, supporting the epidemiological tendency of the disease [56].

Our additional analysis conducted between 2019 and 2022 documented higher in-
cidence rates than in previous years. The highest incidence rate observed at HESE was
recorded in 2019, with 28.5 cases per 10,000 hospitalizations documented, representing
a 37.7% increase compared to the 2018 study period and a 14.3-fold increase from the
2000 data [36]. The latter represents the highest incidence ever recorded at our hospital,
regardless of the period of study, confirming the increasing trend of this event. It was also
the second-highest incidence rate reported in Portugal, according to Correia et al. (2012),
recording 86.6 cases per 10,000 patients [57]. Other European studies, like the one from
Gastmeier et al. (2009) in Germany, reported a higher CDI incidence rate, with 46.5 cases
per 10,000 patients documented, 2.2 times higher than the findings in this study [45].

The antibiotic consumption index prior to infection in our investigation was consistent
with findings from cohorts in other Portuguese hospitals. We observed an antibiotic
consumption rate of 96.7% among participants in the 12 weeks preceding CDI infection.
This agrees with ORCHID, a multicentric study involving 97 European hospitals, of which
eight Portuguese Hospitals and collaborators, reported AMC rates ranging from 70.0% to
100.0%, with a mean of 92.0% [58].

4.5. Epidemiological Tendency of HA-CDI and CA-CDI Episodes at HESE

Our documented data suggests a significant increase in overall CDI incidence until
2019 followed by a considerable decrease thereafter. Throughout our investigation, and
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consistent with other research, a higher incidence of healthcare-acquired infections com-
pared to community-acquired was observed during the last decades. This epidemiological
pattern has changed and currently CA-CDI achieved a higher prevalence rate. Our study
corroborates this pattern, since community cases consistently increased in our institution,
while HA-CDI incidence remained relatively stable and decreased more recently. Treglia
et al. have investigated the potential impact of influenced healthcare practices, policies, and
infection control measures, which may offer partial explanation for the decline in HA-CDI
incidence observed in our research [59]. Similarly, other Portuguese authors reported a rise
in CA-CDI incidence, compared to previous years [37,39]. This event was also recorded in
other studies worldwide. Additionally, a plateau in HA-CDI was documented between
2007 and 2018, with a subsequent decrease until 2022, also supported by the literature [3,60].
The ECDIS Study Group with the support of ECDC and members of a study group of
ESCMID designed a study in 2008 recording epidemiological data from 34 European coun-
tries, indicating an annual CDI incidence rate of 13.0 per 10,000 admissions in Portugal,
with 86.0% being healthcare-associated, in accordance with our findings [42].

4.6. Infection Burden during COVID-19 Pandemic

Data available from January 2019 to September 2021 indicate a lower annual incidence
rate of CD], particularly healthcare-acquired [61]. This decrease is probably related to im-
proved adherence to Good Practices in Infection Prevention and Disease Control measures
in healthcare settings applied during the COVID-19 pandemic. Such practices included
enhanced hand hygiene, environmental cleaning, patient isolation, and increased use of
personal protective equipment [61,62]. Our findings agree with the literature, as the overall
incidence significantly decreased during the pandemic, since the lowest incidence rate was
documented in 2021, with 18.1 cases per 10,000 hospitalized patients, indicating a 57.5% de-
crease compared to the incidence observed in 2019. Additionally, HA-CDI episodes showed
the most marked decrease in prevalence, during this period, supporting this hypothesis.

4.7. Study Limitations

This study had several limitations. First, it was a retrospective observational interven-
tion with a small sample size, and the methodology relied on the review of clinical reports,
which may introduce biases and incomplete data. The estimation of hospitalizations per
year was based on rates, which may not accurately reflect the true number of cases. The
assessment of CD acquisition origin was not always reliable, potentially affecting the accu-
racy of the findings. Study methodology might be responsible for a lower recurrence rate,
since the follow-up of episodes was not optimal and the focus of this investigation was
only placed in hospitalized patients, not capturing data after discharge or any admission
to another healthcare facility. We assume a possible under or overestimation of cases, due
to less specific methods of analysis used in previous years. The use of more sensitive
CD assays, like Nucleic Acid Amplification Tests, introduced the potential for increased
detection rates. Antimicrobial susceptibility testing is not routinely performed for CD and
data evaluating minimum inhibitory concentrations are limited. By performing genome
sequencing surveillance, the optimal antibiotic treatment scheme will be provided to pa-
tients, according to EUCAST database cut-off values for each antimicrobial agent. Another
limitation was the inconsistency among studies in epidemiological definitions on incidence
rates, which limited the comparative analysis. Furthermore, incidence data showed large
variations across countries, which may be attributed to different reporting practices or
different diagnostic tests used, rather than raw incidence rate differences. Moreover, the
evaluation of therapeutic effectiveness relied on symptom resolution, without subsequent
hospitalization and a negative laboratory assay for CD toxins in stools being recorded.
Finally, treatment failure was determined based on recurrence, relapse, or reinfection within
an eight-week period.
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5. Conclusions

Our study provides a comprehensive description of the epidemiology of CDI and
assesses the clinical impact at a Portuguese hospital. Our investigation revealed a 10.4-fold
increase compared with early 2000’s data from our hospital facility, agreeing with previ-
ous reports, highlighting the exponential increase in infection incidence both in Portugal
and worldwide. This increase was particularly notable in community-acquired episodes,
requiring further investigation focusing on this incidence pattern. Moreover, the antibi-
otic consumption index, mortality, and recurrence rates identified in our study were also
consistent with the literature. These findings underscore the urgent need for antimicrobial
stewardship programs. The involvement of clinical pharmacists in these intervention
measures is crucial for the judicious use of antibacterial agents, that focus on antibiotic
restriction ensuring appropriate use, avoiding medication error and following guidelines
to prevent prolonged antibiotic treatment after bacterial elimination.

The adherence to best practices for environmental cleaning in healthcare facilities and
infection prevention and control measures, have played a crucial role in preventing CD
transmission, mostly in healthcare-acquired infections. By adhering to the most up-to-
date guidelines for CDI management, utilizing the most cost-effective treatment strategies
available, and prioritizing the sustainability of healthcare systems, a positive impact on
disease management and control will be achieved. Further analysis will be conducted at
our hospital institution after the implementation of the most updated CDI treatment and
prevention strategies, focusing on the cost-effectiveness ratio and security profile. Finally,
the potentiality of our research could imply future studies on effectiveness of probiotics in
CDI treatment, incidence and prevalence of CA-CDI, newer CDI diagnostic methods, to
name a few.

Author Contributions: Conceptualization, FF. and A.M.A.; methodology, FE, M.F. and AM.A;
validation, EF, M.F,, AM.A,, A.C,,N.L. and M.P; formal analysis, EF.,, M.F. and A.M.A ; investigation,
EF., M.F. and A.M.A_; resources, EF. and A.C.; data curation, EF.,, M.F,, AM.A., A.C.,, N.L. and M.P,;
writing—original draft, EF., M.F. and A.M.A; writing—review and editing, EF., M.F. and A M.A ;
supervision, EF., M.E,, AM.A., N.L. and M.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research did not receive any specific grant from public or commercial funding agencies,
but was supported for a non-profit organization, SPFCS—Sociedade Portuguesa de Farmacéuticos dos
Cuidados de Satde, (EN2—Estrada Nacional 2 do Conhecimento—Scientific Event). The organization
had no role in any aspects of this study, including the study design, data collection and analysis or
preparation of the manuscript.

Institutional Review Board Statement: This study was carried out in accordance with the ethical
standards as laid down in the Declaration of Helsinki and was approved by the Ethics Committee
of the Hospital do Espirito Santo de Evora (Approval ID number 042/22 of 3 May 2022) and data
extraction was completed according to the Portuguese General Data Protection Regulation.

Informed Consent Statement: Patient consent was waived due to the retrospective design of
the study.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
not publicly available due to protecting the privacy of study participants, according to the Portuguese
General Data Protection Regulation, but are available from the corresponding author on reasonable
request.

Acknowledgments: First and foremost, we would like to thank SPFCS—Sociedade Portuguesa de
Farmacéuticos dos Cuidados de Satde, for contributing and encouraging us to publish our results
(EN2—Estrada Nacional 2 do Conhecimento—Scientific Event). We would also like to extend our
heartfelt thanks to all of the participants in our study, who generously shared their time, experiences,
and insights with us, specifically the Pharmaceutical Services and the Microbiology Department from
Clinical Pathology Laboratory Services from the Hospital do Espirito Santo, Evora.

Conflicts of Interest: The authors declare no conflict of interest.



Healthcare 2024, 12, 76 17 of 19

Abbreviations

AMC, Antimicrobial Consumption; ATC, Anatomical Therapeutic Chemical; CA-CDI, Community-
associated CDI; CCI, Charlson Comorbidity Index; CD, C. difficile; CDI, Clostridioides difficile infection;
ECDC, European Centre for Disease Prevention and Control; ESCMID, European Society of Clinical
Microbiology and Infectious Diseases; HESE, Hospital do Espirito Santo, Evora; fCDI, Fulminant CDL;
HA-CDI, Healthcare-associated CDI; IDSA, Infectious Diseases Society of America; SHEA, Society
for Healthcare Epidemiology of America; NHS, National Health Service; NSAIDs, Non-Steroidal
Anti-Inflammatory Drugs; nsCDI, Non-Severe CDI; PPIs, Proton Pump Inhibitors; rCDI, Recurrent
CDI; sCDI, Severe CDI; SoC, Standard of Care; WBC, White Blood Cell.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Loo, V.G.; Bourgault, A.-M.; Poirier, L.; Lamothe, F.; Michaud, S.; Turgeon, N.; Toye, B.; Beaudoin, A.; Frost, E.H.; Gilca, R.; et al.
Host and Pathogen Factors for Clostridium difficile Infection and Colonization. N. Engl. |. Med. 2011, 365, 1693-1703. [CrossRef]
[PubMed]

Leffler, D.A.; Lamont, ].T. Clostridium difficile Infection. N. Engl. . Med. 2015, 372, 1539-1548. [CrossRef] [PubMed]

Finn, E.; Andersson, FL.; Madin-Warburton, M. Burden of Clostridioides difficile infection (CDI)—A systematic review of the
epidemiology of primary and recurrent CDI. BMC Infect. Dis. 2021, 21, 1-11. [CrossRef] [PubMed]

Kouhsari, E.; Abbasian, S.; Sedighi, M.; Yaseri, H.E.; Nazari, S.; Bialvaei, A.Z.; Dahim, P.; Mirzaei, E.Z.; Rahbar, M. Clostridium
difficile infection: A review. Rev. Res. Med. Microbiol. 2018, 29, 103-109. [CrossRef]

Lessa, E.C.; Gould, C.V,; McDonald, L.C. Current Status of Clostridium difficile Infection Epidemiology. Clin. Infect. Dis. 2012, 55
(Suppl. S3), 65-70. [CrossRef] [PubMed]

Surveillance Protocol, Version 2.4. European Surveillance of Clostridioides (Clostridium) difficile Infections. European Centre for
Disease Prevention and Control: Solna, Sweden, 2019.

Centers for Disease Control and Prevention. Emerging Infections Program Healthcare-Associated Infections-Community
Interface Report Clostridioides difficile infection, 2019 Surveillance Catchment Areas Case Definition. 2019. Available online:
https:/ /www.cdc.gov /hai/eip/Annual-CDI-Report-2019.html (accessed on 12 August 2023).

Yun, J.H.; Park, G.E.; Ki, HK. Correlation between antibiotic consumption and the incidence of healthcare facility-onset
Clostridioides difficile infection: A retrospective chart review and analysis. Antimicrob. Resist. Infect. Control. 2021, 10, 1-9.
[CrossRef] [PubMed]

WHO. GLASS Methodology for Surveillance of National Antimicrobial Consumption; Global Antimicrobial Resistance and Use
Surveillance System (GLASS); WHO: Geneva, Switzerland, 2020.

Lo Vecchio, A.; Zacur, G.M. Clostridium difficile infection: An update on epidemiology, risk factors, and therapeutic options. Curr
Opin Gastroenterol. 2012, 28, 1-9. [CrossRef]

Hensgens, M.PM.; Goorhuis, A.; Dekkers, O.M.; Kuijper, E.]. Time interval of increased risk for Clostridium difficile infection after
exposure to antibiotics. J. Antimicrob. Chemother. 2012, 67, 742-748. [CrossRef]

Goudarzi, M.; Seyedjavadi, S.S.; Goudarzi, H.; Aghdam, E.M.; Nazeri, S. Clostridium difficile Infection: Epidemiology, Pathogenesis,
Risk Factors, and Therapeutic Options. Scientifica 2014, 2014, 1-9. [CrossRef]

Buehrle, D.J.; Shively, N.R.; Wagener, M.M.; Clancy, C.J.; Decker, B.K. Sustained Reductions in Overall and Unnecessary Antibiotic
Prescribing at Primary Care Clinics in a Veterans Affairs Healthcare System following a Multifaceted Stewardship Intervention.
Clin. Infect. Dis. 2020, 71, E316-E322. [CrossRef]

Feazel, L.M.; Malhotra, A.; Perencevich, E.N.; Kaboli, P; Diekema, D.J.; Schweizer, M.L. Effect of antibiotic stewardship
programmes on Clostridium difficile incidence: A systematic review and meta-analysis. . Antimicrob. Chemother. 2014, 69,
1748-1754. [CrossRef] [PubMed]

ECDC. Antimicrobial consumption in the EU/EEA (ESAC-Net) AER for 2021. In The European Surveillance System Antimicrobial
Consumption (AMC) Reporting Protocol; European Centre for Disease Prevention and Control: Stockholm, Sweden, 2022; pp. 1-58.
Eze, P; Balsells, E.; Kyaw, M.H.; Nair, H. Risk factors for Clostridium difficile infections—An overview of the evidence base and
challenges in data synthesis. J. Glob. Health 2017, 7, 010417. [CrossRef] [PubMed]

Trifan, A.; Stanciu, C.; Girleanu, I; Stoica, O.C.; Singeap, A.M.; Maxim, R.; Chiriac, S.A.; Ciobica, A.; Boiculese, L. Proton pump
inhibitors therapy and risk of Clostridium difficile infection: Systematic review and meta-analysis. World |. Gastroenterol. 2017, 23,
6500-6515. [CrossRef] [PubMed]

Johnson, S.; Lavergne, V.; Skinner, A.M.; Gonzales-Luna, A ].; Garey, K.W.; Kelly, C.P.; Wilcox, M.H. Clinical Practice Guideline by
the Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA): 2021 Focused
Update Guidelines on Management of Clostrid-ioides difficile Infection in Adults. Clin. Infect. Dis. 2021, 73, e1029-e1044.
[CrossRef] [PubMed]

Van Prehn, ].; Reigadas, E.; Vogelzang, E.H.; Bouza, E.; Hristea, A.; Guery, B.; Krutova, M.; Norén, T.; Allerberger, F.; Coia, J.E.;
et al. European Society of Clinical Microbiology and Infectious Diseases: 2021 up-date on the treatment guidance document for
Clostridioides difficile infection in adults. Clin. Microbiol. Infect. 2021, 27, S1-S21. [CrossRef] [PubMed]


https://doi.org/10.1056/NEJMoa1012413
https://www.ncbi.nlm.nih.gov/pubmed/22047560
https://doi.org/10.1056/NEJMra1403772
https://www.ncbi.nlm.nih.gov/pubmed/25875259
https://doi.org/10.1186/s12879-021-06147-y
https://www.ncbi.nlm.nih.gov/pubmed/34016040
https://doi.org/10.1097/MRM.0000000000000135
https://doi.org/10.1093/cid/cis319
https://www.ncbi.nlm.nih.gov/pubmed/22752867
https://www.cdc.gov/hai/eip/Annual-CDI-Report-2019.html
https://doi.org/10.1186/s13756-021-00986-9
https://www.ncbi.nlm.nih.gov/pubmed/34362442
https://doi.org/10.1097/MOG.0b013e32834bc9a9
https://doi.org/10.1093/jac/dkr508
https://doi.org/10.1155/2014/916826
https://doi.org/10.1093/cid/ciz1180
https://doi.org/10.1093/jac/dku046
https://www.ncbi.nlm.nih.gov/pubmed/24633207
https://doi.org/10.7189/jogh.07.010417
https://www.ncbi.nlm.nih.gov/pubmed/28607673
https://doi.org/10.3748/wjg.v23.i35.6500
https://www.ncbi.nlm.nih.gov/pubmed/29085200
https://doi.org/10.1093/cid/ciab549
https://www.ncbi.nlm.nih.gov/pubmed/34164674
https://doi.org/10.1016/j.cmi.2021.09.038
https://www.ncbi.nlm.nih.gov/pubmed/34678515

Healthcare 2024, 12, 76 18 of 19

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

Bishop, E.J.; Tiruvoipati, R. Management of Clostridioides difficile infection in adults and challenges in clinical practice: Review
and comparison of current IDSA/SHEA, ESCMID and ASID guidelines. J. Antimicrob. Chemother. 2022, 78, 21-30. [CrossRef]
[PubMed]

Saha, S.; Tariq, R.; Tosh, PK,; Pardi, D.S.; Khanna, S. Faecal microbiota transplantation for eradicating carriage of multidrug-
resistant organisms: A systematic review. Clin. Microbiol. Infect. 2019, 25, 958-963. [CrossRef]

Bartlett, J.G. Bezlotoxumab—A New Agent for Clostridium difficile Infection. N. Engl. . Med. 2017, 376, 381-382. [CrossRef]
Wilcox, M.H.; Gerding, D.N.; Poxton, L.R.; Kelly, C.; Nathan, R.; Birch, T.; Cornely, O.A.; Rahav, G.; Bouza, E.; Lee, C.; et al.
Bezlotoxumab for Prevention of Recurrent Clostridium difficile Infection. N. Engl. . Med. 2017, 376, 305-317. [CrossRef]

Silva, F,; Lobo, I.; Pereira, R.; Jiang, Y.; Marcella, S. Pin35—Cost-Effectiveness of Bezlotoxumab for the Prevention of Recurrence of
Clostridium difficile Infection in Portugal. Value Health 2018, 21, 5226. [CrossRef]

Liu, D.; Zeng, L.; Yan, Z,; Jia, J.; Gao, J.; Wei, Y. The mechanisms and safety of probiotics against toxigenic Clostridium difficile.
Expert Rev. Anti-Infect. Ther. 2020, 18, 967-975. [CrossRef] [PubMed]

Chamberlain, R.S.; Lau, C.S. Probiotics are effective at preventing Clostridium difficile-associated diarrhea: A systematic review
and meta-analysis. Int. J. Gen. Med. 2016, 9, 27-37. [CrossRef] [PubMed]

Feuerstadt, P; Nelson, WW.; Drozd, E.M.; Dreyfus, J.; Dahdal, D.N.; Wong, A.C.; Mohammadji, I.; Teigland, C.; Amin, A. Mortality,
Health Care Use, and Costs of Clostridioides difficile Infections in Older Adults. J. Am. Med. Dir. Assoc. 2022, 23, 1721-1728.e19.
[CrossRef] [PubMed]

Ministério da Satude. Programa de Prevengio e Controlo de Infecées e de Resisténcia aos Antimicrobianos 2017; Technical Report;
Direcao-Geral da Saude: Lisboa, Portugal, 2017.

Centers for Disease Control and Prevention. Emerging Infections Program Healthcare-Associated Infections—Community
Interface Report Clostridioides difficile Infection Surveillance. 2021. Available online: https://www.cdc.gov /hai/eip/Annual-
CDI-Report-2021.html (accessed on 8 September 2023).

Ministério da Saude. Norma: Diagndstico da Infecio por Clostridium difficile nos Hospitais, Unidades de Internamento de Cuidados
Continuados Integrados e na Comunidade; Direcao Geral da Satde: Lisbon, Portugal, 2014; pp. 1-12.

Sundararajan, V.; Henderson, T.; Perry, C.; Muggivan, A.; Quan, H.; Ghali, W.A. New ICD-10 version of the Charlson comorbidity
index predicted in-hospital mortality. J. Clin. Epidemiol. 2004, 57, 1288-1294. [CrossRef] [PubMed]

McDonald, L.C.; Gerding, D.N.; Johnson, S.; Bakken, ].S.; Carroll, K.C.; Coffin, S.E.; Dubberke, E.R.; Garey, K.W.; Gould, C.V,;
Kelly, C.; et al. Clinical Practice Guidelines for Clostridium difficile Infection in Adults and Children: 2017 Update by the Infectious
Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA). Clin. Infect. Dis. 2018, 66,
987-994. [CrossRef] [PubMed]

Figueroa, I; Johnson, S.; Sambol, S.P.; Goldstein, E.J.C.; Citron, D.M.; Gerding, D.N. Relapse Versus Reinfection: Recurrent
Clostridium difficile Infection Following Treatment With Fidaxomicin or Vancomycin. Clin. Infect. Dis. 2012, 55 (Suppl. S2), 104-109.
[CrossRef] [PubMed]

Parlamento Europeu. Regulamento (UE) 2016/679. J. Of. Unido Eur. 2016, 2014, 1-119.

Antibioticos. Available online: https:/ /www.infarmed.pt/web/infarmed/entidades/medicamentos-uso-humano/monitorizacao-
mercado/benchmarking/benchmarking-hospitalar/antibioticos (accessed on 28 September 2023).

Silva, J.D.; Veloso, N.; Godinho, R.; Rosa, I.; Gongalves, L.; Medeiros, L; Viveiros, C. Diarreia associada ao Clostridium difficile—
Casuistica de 8 anosClostridium difficile associated diarrhea—An eight-year retrospective review. GE |. Port. Gastrenterologia
2012, 19, 284-289. [CrossRef]

Barbosa-Martins, J.; Mendonga, J.; Carvalho, C.; Sarmento, H.; Mota, P.; Coutinho, C.; Cotter, ]. Clostridium difficile Severity and
Outcome at a North of Portugal Healthcare Facility. Acta Med. Port. 2022, 35, 279-285. [CrossRef]

Teixeira, H.; Freitas, A.; Sarmento, A.; Nossa, P.; Gongalves, H.; Pina, M.d.F. Spatial Patterns in Hospital-Acquired Infections in
Portugal (2014-2017). Int. |. Environ. Res. Public Health 2021, 18, 4703. [CrossRef]

Nazareth, C.; Leitao, I.; Reis, E.; Inacio, H.; Martins, F.; Ramalheira, E.; Cunha, F.; Santos, C.; Lino, S.; Moreira, H.; et al.
Epidemiology of Clostridioides difficile Infection in Portugal: A Retrospective, Observational Study of Hospitalized Patients. Acta
Meédica Port. 2022, 35, 270-278. [CrossRef] [PubMed]

Balsells, E.; Shi, T.; Leese, C.; Lyell, I.; Burrows, J.; Wiuff, C.; Campbell, H.; Kyaw, M.H.; Nair, H. Global burden of Clostridium
difficile infections: A systematic review and meta-analysis. J. Glob. Health 2018, 9, 010407. [CrossRef] [PubMed]

Sintra, S.; Taveira, F.; Canha, C.; Carvalho, A.; Simao, A. Epidemiology of Clostridium difficile infection in Portugal: Experi-ence at
a tertiary care hospital. Eur. J. Intern. Med. 2019, 60, e11-e13. [CrossRef] [PubMed]

Bauer, M.P.; Notermans, D.W.; van Benthem, B.H.; Brazier, ].S.; Wilcox, M.H.; Rupnik, M.; Monnet, D.L.; van Dissel, ].T.; Kuijper,
E.J.; for the ECDIS Study Group. Clostridium difficile infection in Europe: A hospital-based survey. Lancet 2011, 377, 63-73.
[CrossRef] [PubMed]

Vieira, A.M. Diarreia Associada a Clostridium difficile num Hospital central. J. Port. Gastrenterologia 2010, 17, 21-28.

Asensio, A; Di Bella, S.; Vecchio, A.L.; Grau, S.; Hart, W.M.; Isidoro, B.; Scotto, R.; Petrosillo, N.; Watt, M.; Nazir, J. The impact of
Clostridium difficile infection on resource use and costs in hospitals in Spain and Italy: A matched cohort study. Int. J. Infect. Dis.
2015, 36, 31-38. [CrossRef]

Gastmeier, P.; Weitzel-Kage, D.; Behnke, M.; Eckmanns, T. Surveillance of Clostridium difficile-associated diarrhoea with the
German nosocomial infection surveillance system KISS (CDAD-KISS). Int. |. Antimicrob. Agents 2009, 33, S19-S23. [CrossRef]


https://doi.org/10.1093/jac/dkac404
https://www.ncbi.nlm.nih.gov/pubmed/36441203
https://doi.org/10.1016/j.cmi.2019.04.006
https://doi.org/10.1056/NEJMe1614726
https://doi.org/10.1056/NEJMoa1602615
https://doi.org/10.1016/j.jval.2018.09.1354
https://doi.org/10.1080/14787210.2020.1778464
https://www.ncbi.nlm.nih.gov/pubmed/32520637
https://doi.org/10.2147/IJGM.S98280
https://www.ncbi.nlm.nih.gov/pubmed/26955289
https://doi.org/10.1016/j.jamda.2022.01.075
https://www.ncbi.nlm.nih.gov/pubmed/35288083
https://www.cdc.gov/hai/eip/Annual-CDI-Report-2021.html
https://www.cdc.gov/hai/eip/Annual-CDI-Report-2021.html
https://doi.org/10.1016/j.jclinepi.2004.03.012
https://www.ncbi.nlm.nih.gov/pubmed/15617955
https://doi.org/10.1093/cid/ciy149
https://www.ncbi.nlm.nih.gov/pubmed/29562266
https://doi.org/10.1093/cid/cis357
https://www.ncbi.nlm.nih.gov/pubmed/22752857
https://www.infarmed.pt/web/infarmed/entidades/medicamentos-uso-humano/monitorizacao-mercado/benchmarking/benchmarking-hospitalar/antibioticos
https://www.infarmed.pt/web/infarmed/entidades/medicamentos-uso-humano/monitorizacao-mercado/benchmarking/benchmarking-hospitalar/antibioticos
https://doi.org/10.1016/j.jpg.2012.07.011
https://doi.org/10.20344/amp.16357
https://doi.org/10.3390/ijerph18094703
https://doi.org/10.20344/amp.15890
https://www.ncbi.nlm.nih.gov/pubmed/35380943
https://doi.org/10.7189/jogh.09.010407
https://www.ncbi.nlm.nih.gov/pubmed/30603078
https://doi.org/10.1016/j.ejim.2018.10.009
https://www.ncbi.nlm.nih.gov/pubmed/30343987
https://doi.org/10.1016/S0140-6736(10)61266-4
https://www.ncbi.nlm.nih.gov/pubmed/21084111
https://doi.org/10.1016/j.ijid.2015.05.013
https://doi.org/10.1016/S0924-8579(09)70011-1

Healthcare 2024, 12, 76 19 of 19

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.
62.

Cardoso, F; Miranda, J.; Aratjo, ]. M. Artigos Originais Colite por Clostridium difficile numa enfermaria de medicina interna. Med.
Interna 2011, 18, 67-70.

He, M.; Miyajima, F,; Roberts, P.; Ellison, L.; Pickard, D.J.; Martin, M.J.; Connor, T.R.; Harris, S.R.; Fairley, D.; Bamford, K.B.; et al.
Emergence and global spread of epidemic healthcare-associated Clostridium difficile. Nat. Genet. 2012, 45, 109-113. [CrossRef]
Khanna, S.; Pardi, D.S.; Aronson, S.L.; Kammer, P.P; Orenstein, R.; Sauver, J.L.S.; Harmsen, S.W.; Zinsmeister, A.R. The
Epidemiology of Community-Acquired Clostridium difficile Infection: A Population-Based Study. Am. . Gastroenterol. 2012, 107,
89-95. [CrossRef]

Yoon, K.; Kim, N. Roles of Sex Hormones and Gender in the Gut Microbiota. J. Neurogastroenterol. Motil. 2021, 27, 314-325.
[CrossRef] [PubMed]

Esteban-Vasallo, M.D.; Pellicer, S.N.; Dominguez-Berjon, M.E,; Caballero, M.C.; Asensio, A.; Saravia, G.; Astray-Mochales, J. Age
and gender differences in Clostridium difficile-related hospitalization trends in Madrid (Spain) over a 12-year period. Eur. |. Clin.
Microbiol. Infect. Dis. 2016, 35, 1037-1044. [CrossRef] [PubMed]

Younas, M.; Royer, J.; Weissman, S.B.; Winders, H.R.; Dash, S.; Bookstaver, P.B.; Justo, ].A.; Waites, K.S.; Bell, L.; Al-Hasan, M.N.
Clostridioides difficile infection and antibiotic prescription rates in the community: Explaining the gender gap. Infect. Control.
Hosp. Epidemiol. 2021, 42, 628-629. [CrossRef] [PubMed]

Natarajan, M.; Rogers, M.A ; Bundy, J.; Micic, D.; Walk, S.T.; Santhosh, K.; Rao, K.; Winters, S.; Young, V.B.; Aronoff, D.M. Gender
Differences in Non-Toxigenic Clostridium difficile Colonization and Risk of Subsequent C. difficile Infection HHS Public Access.
Clin. Res. Infect. Dis. 2015, 2, 1017. [PubMed]

Kim, S.G.; Lee, J.; Yun, D.; Kang, M.W.; Kim, Y.C.; Kim, D.K.; Oh, K.-H.; Joo, KW.; Kim, Y.S.; Han, S.S. Hyperlactatemia is a
predictor of mortality in patients undergoing continuous renal replacement therapy for acute kidney injury. BMIC Nephrol. 2023,
24,11. [CrossRef] [PubMed]

Silva, C.M.; Baptista, ].P.; Mergulhao, P,; Froes, F.; Gongalves-Pereira, J.; Pereira, ].M.; Dias, C.C.; Paiva, ].A. Prognostic value
of hyperlactatemia in infected patients admitted to intensive care units: A multicenter study. Rev. Bras. Ter. Intensiv. 2022, 34,
154-162. [CrossRef]

DePestel, D.D.; Aronoff, D.M. Epidemiology of Clostridium difficile Infection. J. Pharm. Pract. 2013, 26, 464—475. [CrossRef]
Davies, K.A.; Ashwin, H.; Longshaw, C.M.; Burns, D.A.; Davis, G.L.; Wilcox, M.H.; On Behalf of the EUCLID Study Group.
Underdiagnosis of Clostridium difficile across Europe: The European, multicentre, prospective, biannual, point-prevalence study of
Clostridium difficile infection in hospitalised patients with diarrhoea (EUCLID). Lancet Infect. Dis. 2014, 14, 1208-1219. [CrossRef]
Correia, L.; Monteiro, R.; Alfaro, T.; Simao, A.; Carvalho, A.; Costa, N. Doenca associada ao Clostridium difficile—Aumento
dramatico da incidéncia em doentes internados. Rev. Soc. Port. Med. Interna. 2012, 19, 61-68.

Davies, K.; Lawrence, J.; Berry, C.; Davis, G.; Yu, H.; Cai, B.; Gonzalez, E.; Prantner, I.; Kurcz, A.; Macovei, I; et al. Risk Factors for
Primary Clostridium difficile Infection; Results From the Observational Study of Risk Factors for Clostridium difficile Infection in
Hospitalized Patients With Infective Diarrhea (ORCHID). Front. Public Health 2020, 8, 293. [CrossRef]

Treglia, M.; Pallocci, M.; Passalacqua, P; Sabatelli, G.; De Luca, L.; Zanovello, C.; Messineo, A.; Quintavalle, G.; Cisterna, A.M.;
Marsella, L.T. Medico-Legal Aspects of Hospital-Acquired Infections: 5-Years of Judgements of the Civil Court of Rome. Healthcare
2022, 10, 1336. [CrossRef] [PubMed]

Liu, C.; Monaghan, T.; Yadegar, A.; Louie, T.; Kao, D. Insights into the Evolving Epidemiology of Clostridioides difficile Infection
and Treatment: A Global Perspective. Antibiotics 2023, 12, 1141. [CrossRef] [PubMed]

Spigaglia, P. Clostridioides difficile infection (CDI) during the COVID-19 pandemic. Anaerobe 2022, 74, 102518. [CrossRef] [PubMed]
Vendrik, K.E.W.; Baktash, A.; Goeman, J.J.; Harmanus, C.; Notermans, D.W.; de Greeff, 5.C.; Kuijper, E.J. Comparison of trends
in Clostridioides difficile infections in hospitalised patients during the first and second waves of the COVID-19 pandemic: A
retrospective sentinel surveillance study. Lancet Reg. Health Eur. 2022, 19, 100356. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/ng.2478
https://doi.org/10.1038/ajg.2011.398
https://doi.org/10.5056/jnm20208
https://www.ncbi.nlm.nih.gov/pubmed/33762473
https://doi.org/10.1007/s10096-016-2635-7
https://www.ncbi.nlm.nih.gov/pubmed/27056555
https://doi.org/10.1017/ice.2020.1268
https://www.ncbi.nlm.nih.gov/pubmed/33239121
https://www.ncbi.nlm.nih.gov/pubmed/28713874
https://doi.org/10.1186/s12882-023-03063-y
https://www.ncbi.nlm.nih.gov/pubmed/36641421
https://doi.org/10.5935/0103-507X.20220010-en
https://doi.org/10.1177/0897190013499521
https://doi.org/10.1016/S1473-3099(14)70991-0
https://doi.org/10.3389/fpubh.2020.00293
https://doi.org/10.3390/healthcare10071336
https://www.ncbi.nlm.nih.gov/pubmed/35885861
https://doi.org/10.3390/antibiotics12071141
https://www.ncbi.nlm.nih.gov/pubmed/37508237
https://doi.org/10.1016/j.anaerobe.2022.102518
https://www.ncbi.nlm.nih.gov/pubmed/35063599
https://doi.org/10.1016/j.lanepe.2022.100424

	Introduction 
	Materials and Methods 
	Study Design 
	Inclusion and Exclusion Criteria 
	Data Collection and Study Population 
	Cases Identification/Classification and Definitions 
	Statistical Analysis 
	Ethics 

	Results 
	Incidence and Disease Burden 
	Sociodemographic/Incidence and Disease Burden 
	Clinical Outcomes and Risk Factors for CDI Development 
	Infection Characteristics 
	Medication Profile 
	Pharmacological Treatment Effectiveness 
	The Role of Probiotics in CDI 
	Correlation Analysis 
	Epidemiological Tendency of CDI Episodes at HESE (2018–2022) 
	Comparative Epidemiology Analysis 

	Discussion 
	Infection Distribution by Severity and Origin 
	Risk Factor and CDI Severity 
	Pharmacological Treatment Effectiveness 
	Overall Infection Distribution by Country and Study Period 
	Epidemiological Tendency of HA-CDI and CA-CDI Episodes at HESE 
	Infection Burden during COVID-19 Pandemic 
	Study Limitations 

	Conclusions 
	References

