
Citation: Stămăteanu, L.O.; Pleşca,
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Abstract: Clostridioides difficile infection (CDI), though identified nearly five decades ago, still remains
a major challenge, being associated with significant mortality rates. The strains classified as hypervir-
ulent, notably 027/NAP1/BI, have garnered substantial attention from researchers and clinicians due
to their direct correlation with the severity of the disease. Our study aims to elucidate the significance
of toxigenic Clostridioides difficile (CD) strains in the clinical and therapeutic aspects of managing
patients diagnosed with CDI. We conducted a single-center prospective study, including patients with
CDI from north-eastern Romania. We subsequently conducted molecular biology testing to ascertain
the prevalence of the presumptive 027/NAP1/BI strain within aforementioned geographic region.
The patients were systematically compared and assessed both clinically and biologically, employing
standardized and comparative methodologies. The study enrolled fifty patients with CDI admitted
between January 2020 and June 2020. Among the investigated patients, 43 (86%) exhibited infection
with toxigenic CD strains positive for toxin B genes (tcdB), binary toxin genes (cdtA and cdtB), and
deletion 117 in regulatory genes (tcdC), while the remaining 7 (14%) tested negative for binary toxin
genes (cdtA and cdtB) and deletion 117 in tcdC. The presence of the presumptive 027/NAP1/BI
strains was linked to a higher recurrence rate (35.56%, p = 0.025), cardiovascular comorbidities (65.1%
vs. 14.2%, p = 0.016), and vancomycin treatment (55.8% vs. 14.3%, p = 0.049). The findings of
our investigation revealed an elevated incidence of colitis attributed to presumptive 027/NAP1/BI.
Despite the prevalence of the presumptive 027 strain and its associated heightened inflammation
among the patients studied, no significant differences were observed regarding the clinical course or
mortality outcomes.

Keywords: Clostridioides difficile; presumptive 027/NAP1/BI; Romania; molecular diagnostic;
antimicrobials; epidemiology
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1. Introduction

The Gram-positive anaerobic pathogen, Clostridioides difficile (CD), capable of spore
formation within the gastrointestinal tract, continues to be the primary cause of healthcare-
associated diarrhea. The existence of toxins associated with these bacteria renders the
disease a substantial burden for both patients and global healthcare systems [1,2]. In 2019,
CD was designated as a microorganism with an urgent threat level by the Centers for
Disease Control and Prevention (CDC) [3].

Despite extended efforts in combating Clostridioides difficile infection (CDI) over the
years, here, we are in the year 2024, and this infection continues to exert a significant
impact on mortality rates, particularly among individuals aged above 65 years. Moreover,
there is a noticeable escalation in recurrence rates and complications associated with this
bacterium [4–7]. It is discernible that in recent years, the epidemiological landscape of CDI
has experienced notable transformations, marked by a rise in incidence within populations
lacking apparent risk factors. This includes individuals with no prior antibiotic exposure,
young individuals, those without comorbidities, children, and pregnant women [8–10].
Conversely, therapeutic alternatives remain considerably constrained and have not demon-
strated resounding success in effectively managing recurrent episodes [11–14].

Numerous risk factors contribute to the occurrence of CDI, with some of the most com-
mon ones being advanced age (≥65 years), antibiotic or proton pomp inhibitors usage, and
prior hospitalization [15–17]. CDI exhibits a diverse array of symptoms, encompassing mild
self-limited diarrhea, nausea, and abdominal pain, as well as severe and life-threatening
complications, such as the development of toxic megacolon [18,19].

The challenge confronted by European health systems includes varied approaches
to detection, surveillance, control, and prevention strategies across constituent states. For
the diagnosis of CDI, various tests are available, including cytotoxicity assays, which,
while considered the gold standard, are not recommended as routine assessments [20–22].
Instead, enzyme immunoassays (EIAs), nucleic acid amplification tests (NAATs), and tests
detecting glutamate dehydrogenase (GDH) are commonly employed. Because the GDH
test does not differentiate whether the strain is toxigenic or not, it should be complemented
with a concurrent assay for toxin detection. To enhance diagnostic accuracy, algorithms
combining two tests, such as GDH/NAAT and EIA, are frequently recommended [20,21,23].

The burdensome progression of the CDI epidemic is also attributed to the emergence of
the hypervirulent epidemic strain: ribotype 027 (RT 027). Initially identified within health-
care facilities in Canada and the USA in 2003 [24], this strain presents unique challenges in
terms of management, attributed to its potential for hypervirulence. This particular ribo-
type is linked to a more severe manifestation of the disease, with an observed increase in
recurrence frequency, owing to its heightened resistance to antibiotic therapy [11,24–28]. RT
027 has the capability to generate the binary toxin CDT (CD transferase) which comprises
CDTa, the enzyme component responsible for ADP ribosyltransferase activity, and CDTb,
which facilitates toxin binding, entry, endosome formation, and subsequent delivery into
the cytosol. The binary toxin released by this strain is linked to heightened secretion levels
of toxins A and B, as well as a more severe manifestation of the disease [26,29,30].

Gaining a comprehensive understanding of the epidemiology of CDI is becoming
progressively crucial for the implementation of effective preventive measures. In devel-
oping countries, there is no extensive nationwide surveillance program to analyze the
circulating strains and ribotypes of CD. Consequently, the distribution of RT 027 remains
inadequately understood. In our region, limited tests have been conducted to identify the
RT 027, particularly in terms of its binary toxin secretion [31,32]. Thus, our objective is to
investigate the presence of these data, along with the clinical and biological characteristics
of patients harboring this strain. We aim to determine whether an Eastern European region
will yield findings consistent with those published in other global regions.
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2. Results

Between January and June 2020, fifty patients diagnosed with CDI through the im-
munochromatographic antigenic method for qualitative CD toxin detection underwent
subsequent molecular biology testing. The objective was to determine the prevalence of the
toxin-producing presumptive 027/NAP1/BI CD strains. Among the 50 patients analyzed,
43 exhibited infection with presumptive 027/NAP1/BI strains, positive for binary toxin
genes (cdtA and cdtB) and deletion in position 117 in tcdC, while the remaining 7 tested
negative for binary toxin and deletion 117.

Of the total 50 patients, 40% of the patients exhibited gastrointestinal symptoms prior
to hospitalization, whereas 60% developed symptoms during their hospital stay. Predom-
inant symptoms included watery diarrhea (94%) and semi-solid stools (76%), alongside
abdominal discomfort (72%) and reduced appetite (60%). In total, 34% received antibiotic
treatment prior to admission, with the most commonly administered being third-generation
cephalosporins (35.2%), followed by fluoroquinolones (17.6%) and aminopenicillin/beta-
lactamase inhibitors and carbapenems. The antibiotics administered to the patients during
their hospitalization are graphically represented in Figure 1.
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Figure 1. In-hospital-administered antibiotics for associated infections among the 50 enrolled patients.

We conducted a comparative analysis of patient groups with CDI determined by
presumptive 027/NAP1/BI strains and a group with CDI produced by negative strains
for specific genes (cdtA, cdtB, and deletion 117 tcdC), examining clinical and paraclinical
aspects through standardized and comparative methodologies. We designated the group
of patients who tested positive for presumptive 027/NAP1/BI as R1, while the group who
tested negative was labelled as R0.

The demographic parameters did not exhibit statistically significant differences be-
tween the two groups. However, from a percentage standpoint, the R1 group manifested a
higher proportion of male patients (53.3% vs. 28.6%, p = 0.215). Additionally, patients from
the R1 group had a greater mean age (66.51 years vs. 55.57 years, p = 0.127) and a longer
hospitalization length (14.6 days vs. 10.14 days, p = 0.326) (Table 1).

While it was anticipated that significant differences would be evident in terms of
signs, symptoms, and laboratory parameters between the two groups of patients, our
observations indicate otherwise, with no significant differences identified (Tables 2 and 3).
Nevertheless, it is noteworthy to mention that the inflammatory syndrome, evaluated
through C-reactive protein values, erythrocyte sedimentation rates, and fibrinogen, exhib-
ited a more pronounced escalation in patients from group R1 in comparison to those in
group R0.
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Table 1. Demographic characteristics of patients.

Demographic
Parameters

Toxin-Producing CD Strains
(Presumptive 027/NAP1/BI)

p-Value
Positive

R1 (n = 43)
Negative
R0 (n = 7)

Sex, n (%)
0.215Male 23 (53.5%) 2 (28.6%)

Female 20 (46.5%) 5 (71.4%)

Age, years 66.51 ± 16.06 55.57 ± 24.11
0.127mean ± SD, limits (24–81) (30–93)

Environment, n (%)
0.857Urban 23 (53.5%) 4 (57.1%)

Rural 20 (46.5%) 3 (42.9%)

Hospitalization
length, mean ± SD,
limits

14.60 ± 11.58
(1–63)

10.14 ± 5.79
(3–19) 0.326

Sick day at admission,
mean ± SD, limits

5.58 ± 6.25
(1–30)

2.14 ± 1.07
(1–4) 0.156

Abbreviations: SD—standard deviation.

Table 2. Clinical characteristics of patients.

Signs and Symptoms

Toxin-Producing CD Strains (Presumptive
027/NAP1/BI)

p-Value
Positive

R1 (n = 43)
Negative
R0 (n = 7)

Diarrhea before admission, n (%) 33 (76.7%) 5 (71.4%) 0.764

Diarrhea after admission, n (%) 43 (100%) 7 (100%) 1.000

No. of stools on admission,
mean ± SD, limits 5.86 ± 3.04 6.00 ± 4.08 0.915

Watery stools, n (%) 41 (95.3%) 6 (85.7%) 0.378

Semiconsistent stools, n (%) 33 (76.7%) 5 (71.4%) 0.764

Abdominal pain, n (%) 31 (72.1%) 5 (71.4%) 0.971

Vomiting, n (%) 15 (34.9%) 3 (42.9%) 0.687

Loss of appetite, n (%) 25 (58.1%) 5 (71.4%) 0.498

Fever, n (%) 9 (20.9%) 1 (14.3%) 0.673

Chills, n (%) 4 (9.3%) 0 (0.0%) 0.261

Astheny, n (%) 12 (27.9%) 1 (14.3%) 0.422

Headache, n (%) 3 (7.0%) 2 (28.6%) 0.124
Abbreviations: SD—standard deviation.

Table 3. Results of laboratory characteristics analysis for the two groups studied.

Parameters

Toxin-Producing CD Strains
(Presumptive 027/NAP1/BI)

p-Value
Positive

R1 (n = 43)
Negative
R0 (n = 7)

WBC (cells/µL), mean ± SD, limits 12,464 ± 6901
1430–27,190

12,872 ± 8394
3990–29,170 0.888

Neutrophils (%), mean ± SD, limits 93.94 ± 92.92
50.3–633

82.11 ± 7.75
68.5–92.3 0.743
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Table 3. Cont.

Parameters

Toxin-Producing CD Strains
(Presumptive 027/NAP1/BI)

p-Value
Positive

R1 (n = 43)
Negative
R0 (n = 7)

Lymphocytes (%), mean ± SD, limits 18.51 ± 14.90
2.0–72.2

11.73 ± 5.77
6.1–22.9 0.244

Thrombocytes
(cells/µL), mean ± SD, limits

256.90 ± 95.45
7–1196

205.29 ± 95.45
43–283 0.484

CRP at admission (mg/dL),
mean ± SD, limits

98.20 ± 90.91
0.49–440

88.13 ± 100.01
2.50–252 0.790

ESR (mm/hr), mean ± SD, limits 62.44 ± 40.55
0–140

36.57 ± 19.21
26–80 0.106

Fibrinogen (mg/dL), mean ± SD,
limits

3.58 ± 1.60
1.23–9.35

3.16 ± 1.07
1.26–4.26 0.510

Total proteins at admission,
mean ± SD, limits

60.10 ± 20.03
0–92.13

72.16 ± 7.24
60.93–81.50 0.125

INR, mean ± SD, limits 0.78 ± 0.76
0–2.85

0.90 ± 1.05
0–2.86 0.717

Sodium (mmol/L), mean ± SD, limits 142.44 ± 2.96
132–148

140.80 ± 2.92
137–145 0.180

Potassium (mmol/L), mean ± SD,
limits

3.81 ± 0.52
2.56–5.07

3.84 ± 0.54
3.01–4.63 0.872

Chloride (mmol/L), mean ± SD, limits 101.17 ± 3.03
94–107.30

99.10 ± 4.36
90.60–104.20 0.122

Glucose (mg/dL), mean ± SD, limits 121.84 ± 69.80
61–512

101.14 ± 16.16
82–124 0.442

Urea (mg/dL), mean ± SD, limits 54.47 ± 37.92
9–164

30.86 ± 14.19
17–55 0.112

Creatinine (mg/dL), mean ± SD,
limits

1.36 ± 1.10
0.63–7.00

0.94 ± 0.20
0.65–1.25 0.324

ALT (U/L), mean ± SD, limits 42.44 ± 45.79
6–249

21.00 ± 7.35
12–32 0.226

Abbreviations: ALT—alanine aminotransferase; CRP—C-reactive protein; ESR—erythrocyte sedimentation rate;
INR—international normalized ratio; LDH—lactate dehydrogenase; SD—standard deviation; WBC—white blood
cell count.

In terms of comorbidities linked to the toxin-producing presumptive 027/NAP1/BI
CD strains, our statistical analysis revealed a higher frequency of association with cardiovas-
cular comorbidities (65.1% vs. only 14.2%, p = 0.016). The prevalence of other comorbidities
remained comparable between the two groups (Table 4).

Antibiotic treatment was administered prior to hospitalization in 39.4% of patients
in the R1 group and 28.6% in the R0 group. Regarding the occurrence of CDI during
hospitalization, our observations revealed that 53.5% of patients in group R1 received
treatment before CDI, while a comparable situation was noted in 28.6% of patients in
group R0. Conversely, statistical analysis did not affirm the significance of comparing the
antibiotic groups administered to patients in the two established groups (Table 5).

For the antibiotic management of CDI, a statistically significant difference was ob-
served, indicating a more frequent use of vancomycin in patients with presumptive
027/NAP1/BI-positive strains (55.8%, p = 0.049), while those who tested negative ex-
hibited a higher frequency of treatment with metronidazole (71.4%, p = 0.027). Fecal
microbiota transplantation was performed in only two cases among patients in group R1
(4.7%) (Table 6).
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Table 4. Summary of comorbidity analysis for the two groups studied.

Comorbidities

Toxin-Producing CD Strains (Presumptive
027/NAP1/BI)

p-Value
Positive

R1 (n = 43)
Negative
R0 (n = 7)

Cardiovascular, n (%) 28 (65.1%) 1 (14.2%) 0.016

Diabetes, n (%) 8 (18.6%) 0 (0.0%) 0.104

Gastroenterological, n (%) 21 (48.8%) 3 (42.9%) 0.769

Pulmonary, n (%) 3 (7.0%) 1 (14.3%) 0.541

Obesity, n (%) 4 (9.3%) 0 (0.0%) 0.261

Neurological, n (%) 8 (18.6%) 0 (0.0%) 0.104

Rheumatological, n (%) 3 (7.0%) 0 (0.0%) 0.333

Psychiatric, n (%) 7 (16.3%) 0 (0.0%) 0.130

Endocrinological, n (%) 7 (16.3%) 0 (0.0%) 0.130

Chronic kidney disease, n (%) 9 (20.9%) 0 (0.0%) 0.082

Oncological, n (%) 7 (16.3%) 2 (28.6%) 0.456

Dialysis, n (%) 2 (4.7%) 0 (0.0%) 0.432

Table 5. Overview of antibiotics administered to patients prior to the onset of CDI.

Antibiotics

Toxin-Producing CD Strains (Presumptive
027/NAP1/BI)

p-Value
Positive

R1 (n = 43)
Negative
R0 (n = 7)

Cephalosporins, n (%) 11 (25.6%) 1 (14.3%) 0.496

Aminopenicillins, n (%) 5 (11.6%) 0 (0.0%) 0.206

Macrolides, n (%) 0 (0.0%) 1 (14.3%) 0.140

Carbapenems, n (%) 9 (20.9%) 1 (14.3%) 0.673

Linezolid, n (%) 2 (4.7%) 0 (0.0%) 0.432

Fluoroquinolones, n (%) 3 (7.0%) 0 (0.0%) 0.333

Aminoglycosides, n (%) 4 (9.3%) 0 (0.0%) 0.261

Colistin, n (%) 1 (2.3%) 0 (0.0%) 0.581

Table 6. Summary of antibiotics used for treatment of CDI.

Treatment

Toxin-Producing CD Strains (Presumptive
027/NAP1/BI)

p-Value
Positive

R1 (n = 43)
Negative
R0 (n = 7)

Vancomycin, n (%) 24 (55.8%) 1 (14.3%) 0.049

Metronidazole, n (%) 11 (25.5%) 5 (71.4%) 0.027

Vancomycin +
Metronidazole, n (%) 8 (18.6%) 1 (14.3%) 0.630

Fecal microbiota
transplantation, n (%) 2 (4.7%) 0 (0.0%) 0.737

In our statistical analysis of the outcomes of CDI, the presence of the epidemic pre-
sumptive 027/NAP1/BI strain was linked to a higher recurrence rate (35.56%, p = 0.025)
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(Table 7). In terms of mortality, group R1 experienced six fatalities, contrasting with group
R0, where the count registered a single fatality. Another noteworthy observation in our
statistical analysis was that all deceased cases were male, whereas the survivors were
predominantly female (58.1% vs. 41.8%, p = 0.001).

Table 7. Outcome analysis of CDI.

Evolution

Toxin-Producing CD Strains (Presumptive
027/NAP1/BI)

p-Value
Positive

R1 (n = 43)
Negative
R0 (n = 7)

Recurrence rates, n (%) 14 (32.56%) 0 (0.0%) 0.025

Favorable evolution, n (%) 37 (86.0%) 6 (85.7%) 0.981

Mortality, n (%) 6 (14.0%) 1 (14.3%) 0.981

We aimed to explore the parameters linked to the risk of unfavorable progression
among patients with toxigenic CD strains. To achieve this, we conducted logistic regression
analysis to ascertain the potential associations between disease prognosis and certain pa-
rameters (such as calprotectin above 200 µg/g, the presence of toxin B by PCR (polymerase
chain reaction), and the number of stools). Consequently, in the initial model featuring
the independent variable of calprotectin above 200 µg/g, we observed a significant asso-
ciation with an unfavorable outcome (OR 1.29; 95% CI 0.076–3.979; p = 0.046), indicating
a 1.29-fold higher risk of mortality. Following, in the subsequent model incorporating
calprotectin above 200 µg/g alongside the presence of toxin B detected by PCR (OR 2.15;
95% CI 0.610–12.543; p = 0.001), a two-fold elevated mortality risk was identified. In the
last model, we also included stool frequency (OR 0.82; 95% CI 0.680–0.996; p = 0.046) as
an independent variable in addition to the aforementioned two factors (calprotectin above
200 µg/g—p = 0.029 and the presence of toxin B detected by PCR—p = 0.012), once again
highlighting an increased risk of a poor outcome. The quality of these models basically
resides in the synergistic prognostic value between a specific calprotectin cut-off value
(200 µg/g) and by a comprehensive clinical (number of stools) and microbiological (toxin
B) assessment (Table 8).

Table 8. Logistic regression models: predictors of mortality in group R1.

Logistic Regression Models
Deceased, Presumptive 027/NAP1/BI Positive

Assessed Variables
Odds Ratio (OR) 95% CI p-Value

Calprotectin > 200 1.299 0.076–3.979 0.046

Calprotectin > 200
Toxin B (PCR)

2.364
2.159

0.411–13.584
0.610–12.543

0.034
0.001

Calprotectin 200
Toxin B (PCR)

Number of stools

1.521
1.611
0.823

0.646–5.541
0.642–6.286
0.680–0.996

0.019
0.012
0.046

Abbreviations: CI—confidence interval; PCR—polymerase chain reaction.

We aimed to identify predictors for an increased mortality risk. Upon preliminary
analysis, it was noted that the presumptive 027/NAP1/BI CD strain exhibited no signifi-
cant correlation with inflammatory markers upon admission or discharge, or with serum
biomarker levels indicative of liver or kidney function, mortality rates, or the recurrence
of CDI. By performing ROC analysis (Table 9), we observed that blood glucose, serum
creatinine, and C-reactive proteins (assessed at admission and at discharge) exhibited
AUC > 0.750, thus highlighting the predictive role of these modifiable variables in the
management of patients with CDI (Figure 2).
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Subsequently, considering that all these predictors associated with a poor prognosis
can coexist in varying proportions in the same patient, through a multiple regression
model, we aimed to create a more accurate mortality prediction model. Despite the fact
that increased fasting blood glucose (Model 3) was per se a significant mortality predictor
(R = 0.499 and R2 = 0.233), superior to the model comprising toxin B and calprotectin 200
(R = 0.201 and R2 = 0.040), we noticed that a composed model based on routinely assessed
laboratory parameters (Model 5) was highly predictive of an increased mortality rate
(R = 0.566 and R2 = 0.321) (Table 10). Basically, more than 30% of the mortality rate could
be related to the variation in ALT, platelet count, CRP at admission, creatinine, glucose, and
serum urea. These models aim to be easy-to-use and reproducible tools for initial prognosis
assessment in various clinical settings, without requiring advanced microbiological assays.
Moreover, the Durbin–Watson value of 2.21 for this model (within the normal range of
1.5–2.5) expresses a low chance of autocorrelation, thus emerging as the most appropriate
of all the designed models.

Table 9. AUC values for laboratory parameters predicting mortality.

Test Result Variables Area Std. Error Asymptotic Sig. Asymptotic 95%
Confidence Interval

Glucose 0.870 0.058 0.002 0.758–0.983

CRP at admission 0.761 0.081 0.028 0.603–0.919

CRP at discharge 0.892 0.071 0.001 0.753–1.000

Creatinine 0.826 0.057 0.006 0.714–0.937

Abbreviations: AUC—area under the curve. Note: The test result variable(s): glucose, CRP at discharge, and
creatinine with at least one tie between the positive actual state group and the negative actual state group. Statistics
may be biased: a. under the nonparametric assumption and b. when the null hypothesis has a true area = 0.5.
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Table 10. Multimarker model for predicting mortality rates in group R1.

Model R R2 Adjusted R2 Std. Error of the Estimate p Value Durbin-Watson

1 0.370 a 0.137 0.039 0.344 0.245 2.223

2 0.201 b 0.040 −0.001 0.040 0.381 2.457

3 0.499 c 0.249 0.233 0.307 <0.001 2.413

4 0.509 d 0.259 0.227 0.308 0.001 2.347

5 0.566 e 0.321 0.226 0.308 0.008 2.213
a Predictors: (constant), toxin-B-positive PCR, fibrinogen, ESR, presumptive 027/NAP1/BI, CRP at admission.
b Predictors: (constant), calprotectin 200 and toxin B. c Predictors: (constant), glucose. d Predictors: (constant),
glucose and CRP at admission. e Predictors: (constant), ALT, platelets, CRP at admission, creatinine, glucose, and
urea. Dependent variable: deaths.

3. Discussion

Understanding the epidemiology of CDI is of growing significance, given the global
impact of this disease. In terms of the prevalence of CDI in the United States of America
(USA), a meta-analysis conducted in 2020 estimates an incidence of 8.3 cases per 10,000 pa-
tient days [33]. Additionally, according to the most recent surveillance report provided
by the CDC, the overall crude incidence rate stands at 110.2 cases per 100,000 people [33].
In Europe, the average incidence of this disease, as reported in the most recent European
Centre for Disease Prevention and Control (ECDC) report, was 3.48 cases per 10,000 patient
days [34].

The surge in the global incidence of CDI cases can be attributed to a confluence
of epidemiological and genetic determinants, notably the widespread dissemination of
hypervirulent clones, such as 027/NAP1/B1, which are associated with high mortality rates,
particularly among the elderly [35–37]. This phenomenon is compounded by inadequate
prevention measures and a dearth of effective surveillance protocols targeting cases with
heightened transmission potential [38,39]. Additionally, uncertainty persists regarding
optimal timing for patient testing [40,41].

In Romania, the most recent report from 2020 indicates a nearly 50% reduction in the
incidence of CDI compared to the preceding year. The primary diagnostic method em-
ployed in this report involved the antigenic detection of toxins A and B, which constituted
99.3% of the tests conducted, while the remaining 0.7% utilized PCR [42].

Although recognized for its significant role in antibiotic-associated diarrhea within
both nosocomial and community settings in the US and Europe, there is a paucity of studies
detailing the molecular epidemiological landscape of CDI in Romania, particularly in the
north-eastern region [31,32,43,44]. Presumably, this can be attributed to the elevated cost
associated with the ribotyping test, rendering it financially inaccessible for many hospitals
in Romania.

In 2005 and 2006, the Netherlands documented several epidemic surges in CDI, char-
acterized by the prevalence of RT 027 and toxinotype III. These outbreaks posed significant
challenges in terms of epidemiological management and control [45]. Severe cases of CDI,
caused by hypervirulent strains, have likewise been documented in the United States, with
a 30-day mortality rate exceeding 13% in contrast to other strains associated with a lower
30-day mortality rate [37,46,47]. As is well recognized, exposure to antibiotics constitutes
the primary risk factor for CDI. Notably, fluoroquinolones, cephalosporins, clindamycin,
and aminopenicillins are associated with the highest risk of inducing CDI [48–50]. A
study indicated that all fluoroquinolones possess the potential to trigger CDI, including
the strain RT 027, despite their anaerobic activity. Resistance was observed in the case of
moxifloxacin [51].

In Romania, epidemiological dynamics exhibit a continuous trend, characterized by the
escalating incidence of community-acquired CDI. Understanding the factors contributing
to CDI occurrence within communities and social care settings is crucial for implementing
effective prevention strategies [52,53]. Moreover, the most important strategy in reducing
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the incidence of this pathology would be a dynamic assessment of the antibiotic susceptibil-
ity rates of the most common pathogens in order to limit exposure to multiple antibiotics;
this aspect is particularly important in Romania, where both antibiotics consumption per
capita and antimicrobial resistance rates are among the highest from Europe [54–58].

Recent national studies conducted in the western and southern regions revealed that
a significant portion of CDI cases, ranging from 68% to 82.6%, were attributed to RT 027.
Alarmingly, around 40% of these cases required hospitalization, posing a risk for further
outbreaks in healthcare facilities [31,32,59].

Our study revealed the high prevalence of CDI patients infected with the toxin-
producing presumptive 027/NAP1/BI CD strain (86% vs. 14%). The male-to-female ratio
was similar across both groups. Patients infected with the toxigenic CD strain (presumptive
027/NAP1/BI) had a higher mean age compared to those who tested negative for these
particular strains (66.51 vs. 55.57 years). Despite a wide age range (24 to 93 years), the
predominance of elderly individuals underscores the heightened susceptibility of this
population demographic to CDI, irrespective of the strains involved.

Another finding outlined in a national study from the Romania northwest region
highlights the different involvement of the 027/NAP1/BI strain in the etiopathogenesis
of CDI among community-acquired cases versus those occurring in hospitalized patients
(53.5% vs. 82.6%). Moreover, the same study highlighted a link between the hospitalization
length and the type of infection, with significantly shorter hospital stay among patients
with community-acquired CDI [59]. A 2018 study conducted in the USA underscored a
substantial proportion of CDI cases associated with healthcare settings attributed to the
027/NAP1/BI strain [60]. Likewise, a study by Turner et al. published in 2019 identifies
parallels to the findings elucidated in our investigation [61].

In our study, the patients under investigation remained hospitalized throughout the
entire course of the disease, precluding any comparison with cases originating from the
community. Among these patients, those in group R1 exhibited a slightly prolonged mean
hospitalization length (14 days compared to 10 days), likely reflective of the severity of their
condition. Intriguingly, individuals in group R1 experienced delays in hospital admission
and subsequent diagnosis, with some being admitted as late as the 30rd day of illness
progression. This delay may be attributed to potential misdiagnoses stemming from the ab-
sence of specific testing for CD and empirical efforts to manage gastrointestinal symptoms.

CD is a common cause of persistent diarrhea, particularly affecting elderly individuals,
with approximately 80% of cases occurring in patients over 65 years old. However, the exact
reasons for this susceptibility are not fully understood. One possible explanation involves
a decline in the resilience of natural barriers to such infections [62–64]. Susceptibility to
CDI is associated with disturbances in the balance of the intestinal microbiota. Despite its
heightened virulence, the 027/NAP1/BI strain of CD demonstrates limited competitiveness
with indigenous microflora within the gut. Consequently, in a normobiotic colon, the
probability of disease manifestation is noticeably diminished [65,66].

Warny et al. demonstrated that the NAP1/B1/027 strain exhibits the hyperproduction
of toxins, with enterotoxin A levels elevated by 16-fold and toxin B levels by 23-fold
compared to control strains [67].

It is well established that individuals with comorbidities exhibit increased susceptibil-
ity to various pathogens. In addition to the classic risk factors for CDI, such as diabetes
myelitis, gastrointestinal disorders, and renal insufficiency, the literature also identifies
chronic cardiovascular diseases as potential contributors [68–71]. Similarly, the statisti-
cally significant difference observed in our study pertained to the association of chronic
cardiovascular comorbidities in group R1 (65.1% vs. 14.2%, p = 0.016).

Mortalities attributable to infection with this specific strain of CD have yielded conflict-
ing findings in research studies. A retrospective analysis led by Bauer et al. suggested that
the NAP1/B1/027 strain does not correlate with severe manifestations of the disease, nor
does it exhibit heightened in-hospital mortality or increased recurrence rates [72]. Sirad et al.
arrived at a similar conclusion in their research, noting that despite the heightened toxin
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production associated with NAP1/B1/027 compared to other strains, the lower spore count
was linked to less severe presentations of the disease [73]. These findings are corroborated
by additional cohort and case–control studies [74,75]. Conversely, Rao et al. elucidated
through a cohort study that the 027 RT is notably associated with a higher incidence of
severe forms of CDI (OR 1.73; 95% CI 1.03–2.89; p = 0.037) and elevated mortality rates
(OR 2.02; 95% CI 1.19–3.43; p = 0.009) compared to other ribotypes [36,76]. Another study
conducted in Quebec revealed that this specific strain produces twice as many severe forms
of CDI compared to other strains examined [77]. Several explanations could account for
the disparities among the findings of studies on this subject, including variations in study
design, patient selection criteria, sample sizes, and laboratory techniques employed for
detecting specific toxins.

In our investigation, among the 43 patients in group R1, 6 (13.9%) experienced fatal
outcomes, while only 1 (14.2%) of the 7 in group R0 succumbed to this adverse outcome.
From a numerical standpoint, there were no notable differences between the two groups.
Additionally, the recurrence rate was notably elevated among individuals in group R1
(32.56%; p = 0.025). Contrarywise, none of the patients in group R0 exhibited recurrences.

Considering the conflicting findings present in the literature, selecting the most suit-
able approach for treating CDI should consider various factors. These include the specific
characteristics of the affected individual; the severity of the inflammatory and diarrheal
syndromes; the degree of dehydration; renal function, as indicated by glomerular filtra-
tion rate; serum albumin levels; pre-existing medical conditions; and, importantly, the
immunological status [78].

The keystone of the pathophysiological mechanisms underlying CDI lies in the pro-
duction of two distinct toxins, A and B. Toxin A acts as an enterotoxin, while toxin B
functions as a cytotoxin, both possessing a substantial molecular weight and exhibiting
specific binding affinity to receptors on the colonic mucosa. These toxins elicit significant
inflammatory reactions, being released during the late logarithmic growth phase and the
stationary phase [79,80]. While the enterotoxin primarily affects the actin within target
cells, resulting in their destruction and the consequent necrosis of epithelial cells, cytotoxin
B induces intracellular junctional disruptions, leading to heightened vascular permeability
and the onset of hemorrhagic events [81,82].

In our study, both toxin B and binary toxin were detected in all patients from group
R1 (100%). This indicates the heightened incidence among patients with CDI caused by
presumptive 027/NAP1/BI epidemic strains, which is accountable for an accelerated toxin
production process.

A study conducted among individuals involved in an outbreak attributed to CD
identified that 52% of participants were asymptomatic carriers of toxigenic strains. Notably,
at least one-third of these carriers belonged to the NAP1/027 type [83]. These findings
underscore the potential role of asymptomatic carriers in the transmission of virulent strains
of CD [40,84].

Fecal calprotectin (FC) stands out as a biomarker of notable significance in predicting
severe forms of CD colitis. Elevated levels of calprotectin in fecal samples are strongly
associated with heightened inflammation of the colonic mucosa, thereby reflecting the
severity of the disease [85–87]. One study revealed elevated FC levels in patients with RT
027 compared to those without this ribotype (317 vs. 60 µg/g; p = 0.0014) [35]. Given these
considerations, we opted to analyze FC levels in our patient cohort. Subsequently, our
investigation unveiled markedly elevated FC levels (>200 µg/g) in 32.5% of individuals
afflicted to the group R1, contrasting with only one case of elevated FC observed among
those in group R0.

The primary risk factor associated with the onset of CDI is antibiotic therapy, with the
type and duration of antibiotic treatment being particularly significant. The global rise in
severe infections, coupled with the proliferation of microbial resistance, has necessitated the
widespread and prolonged utilization of broad-spectrum antibiotics, resulting in significant
dysbiosis [88–90]. Essentially, the disruption of the gut microbiota caused by medications
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forms the basis of CD colitis, which tends to complicate the progression of pre-existing
infectious and non-infectious conditions. The escalating use of antibiotics, both within the
community and hospital settings, is a well-established reality on a national scale [91,92].

Among patients in group R1, 39.4% received antibiotic therapy in the four weeks
preceding admission to our clinic. Moreover, 53.5% of group R1 required antibiotic ther-
apy during hospitalization, while this figure was 28.6% for group R0. The predominant
antibiotics administered to the first group of patients included cephalosporins (25.6%), car-
bapenems (20.9%), aminopenicillins (11.6%), aminoglycosides (9.3%), and fluoroquinolones
(7%). In contrast, the second group of patients received cephalosporins, macrolides, and
carbapenems equally, each constituting 14.3% of the antibiotics administered. While the
discontinuation of antibiotic therapy is the primary therapeutic recommendation for CDI,
there are situations where this may not be feasible due to concurrent infections in patients.
This consideration applies to the subjects of our study, particularly those who developed
colitis caused by toxigenic CD strains.

In terms of antibiotic resistance among NAP1/B1/027 strains, a study revealed re-
duced sensitivity to clindamycin, levofloxacin, moxifloxacin, ciprofloxacin, and rifampicin,
while remaining adequately sensitive to metronidazole and vancomycin [93]. In a compar-
ative investigation, the antibiotic resistance profile of the NAP1/B1/027 strain was con-
trasted with the RT 027 negative group, revealing significant differences. The NAP1/B1/027
strain exhibited a pronounced resistance to moxifloxacin, with a prevalence of 92.2% com-
pared to a mere 11.2% in the NAP1/B1/027-negative group. Similarly, notable resistance
rates were observed in the case of ceftriaxone, with 78.2% resistance in the first group versus
15.7% in the second group. In the same investigation, RT 027 exhibited substantially lower
sensitivity to metronidazole, with a fourfold higher minimum inhibitory concentration
compared to other ribotypes (4 µg/mL vs. 1 µg/mL). Furthermore, RT 027 demonstrated a
twofold reduction in sensitivity to fidaxomicin (2 µg/mL vs. 1 µg/mL), while maintaining
similar sensitivity to vancomycin, as observed in other ribotypes [94]. These findings
support the notion of a diminished therapeutic efficacy of metronidazole and fidaxomicin
in patients infected with RT 027 compared to those infected with other ribotypes, as well as
an elevated risk of relapse among the former. Nevertheless, the CDI Diagnostic and Treat-
ment Guidelines remain applicable regardless of the strain type, including NAP1/B1/027
strains. Although research on this matter has not consistently revealed the resistance of
NAP1/B1/027-positive strains to fidaxomicin, isolated cases have been reported where, due
to adverse outcomes after fidaxomicin treatment, and even subsequent to fecal microbiota
transplant, therapy involving intravenous immunoglobulins was opted for [95].

The etiological treatment administered to the patients in our study revealed significant
differences. Specifically, in the R1 group, the prevalence of vancomycin treatment was
notable (55.8%, p = 0.049), whereas in the R0 group, a similar pattern was observed with
metronidazole treatment (71.4%, p = 0.027). The etiological treatment regimen extended
over a period of 10–14 days, resulting in favorable clinical outcomes. None of the patients
were prescribed fidaxomicin, and only 6.7% of those in the R1 group underwent fecal
microbiota transplant.

In previous studies, advanced age, heightened comorbidity, renal impairment, and
cancer emerged as predictors of mortality in CDI [96–99]. Moreover, the presence of RT
027 was frequently identified as a prognostic indicator for mortality [35,76]. In our study,
regarding predictors of mortality in patients with presumptive 027/NAP1/BI-positive
CD strains, a model selection approach was employed to enumerate all potential models
derived from the established predictors. This method highlighted that patients with
elevated FC levels (OR 1.29; 95% CI 0.076–3.979; p = 0.046), the presence of toxin B (OR
2.15; 95% CI 0.610–12.543; p = 0.001), and increased stool frequency (OR 0.82; 95% CI
0.680–0.996; p = 0.046) are at a higher risk of mortality. Another simple, easy-to-use, and
reproducible predictive model was based on the routinely assessed laboratory parameters,
such as platelet count, CRP, fasting glucose, and liver and kidney function.
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4. Materials and Methods

The research was structured as a prospective study conducted at the “St. Parascheva”
Clinical Hospital of Infectious Diseases, a tertiary-care facility catering to patients with
infectious diseases from the entire northeast region of the country. Commencing in January
2020, the study concluded in June 2020.

The inclusion criteria were adult age (>18 years) and a positive antigenic test for
CD toxins A and B (by chromatographic immunoassay qualitative tests). We included
patients with CDI who presented digestive symptoms before admission and patients who
developed CDI during hospitalization. Patients were excluded if they were under 18 years
of age.

Stool samples were obtained from 50 hospitalized patients. Each patient was provided
with a sterile container and instructed to collect a stool sample. Upon collection, all
stool samples underwent testing for CD GDH, toxin A, and toxin B using immunoassay
techniques (CerTest Biotec S.L., Zaragoza, Spain). Each collected stool sample was prepared
for antigenic extraction and dispensed into three separate circular windows (GDH, toxin A,
and toxin B), following the manufacturer’s guidelines. Results were recorded after 10 min.
A negative result was indicated by a green line (control line) appearing in all three circular
windows (GDH, toxin A, and toxin B), while a positive result was identified by the presence
of a red line in any of these circular windows (GDH, toxin A, and toxin B).

All stool specimens identified as positive through antigenic immunoassay testing were
subjected to the molecular detection of CD using the Xpert C. difficile BT (Cepheid, Sunny-
vale, CA, USA), a qualitative in vitro diagnostic test, performed on the GeneXpert® System
device. The Xpert CD BT assay was conducted in accordance with the manufacturer’s
protocols. This test is a multiplex PCR used to detect the toxin B coding gene (tcdB), binary
toxin genes (cdtA and cdtB), and single-nucleotide deletion at position 117 in the tcdC gene
in CD strains. The test has the capacity to detect toxigenic CD strains and presumptively
differentiate NAP1/B1/027 strains (positive for 117 deletion in tcdC genes) directly from
stool samples, offering an impressively brief response time of just 45 min. There was no
post-discharge follow-up regarding the readmission of the patients.

Patient data, e.g., on clinical and demographic profiles, laboratory parameters, comor-
bidities (e.g., cardiovascular diseases and diabetes mellitus), prescribed antibiotic regimens,
and subsequent clinical responses, were systematically extracted from medical records.

The dataset was compiled and analyzed using SPSS (IBM Corp. Released 2021. IBM
SPSS Statistics for Windows, Version 28.0. Armonk, NY, USA: IBM Corp). Multivariate
logistic regression was conducted to ascertain risk factors for mortality and composite
severe outcomes linked to RT 027. Group disparities were evaluated via independent t-tests
or one-way ANOVA, as applicable. Odds ratios (ORs), 95% confidence intervals (CIs),
and p-values were computed, with values below 0.05 considered statistically significant.
Variables with p < 0.3 on univariate analysis were incorporated into a logistic regression
model to identify independent risk factors associated with presumptive 027/NAP1/BI.

5. Conclusions

In our study, we observed the heightened prevalence of toxigenic presumptive 027/
NAP1/BI strains in our geographical area (86%), which exhibited a statistically significant
association with an elevated risk of disease recurrence, as well as concurrent cardiovascular
comorbidities. Concerning the management of CDI, patients infected with presumptive
027 strains demonstrated statistical significance in their response to vancomycin treat-
ment. The predictors of mortality among patients with toxigenic-producing presumptive
027/NAP1/BI-positive strains included elevated fecal calprotectin levels, increased stool
frequency, and the presence of toxin B. Furthermore, despite the epidemic strain being
frequently linked to heightened toxin B and binary toxin production, no notable disparities
were observed regarding the disease presentations in patients infected with presumptive
027-positive strains versus those afflicted with different strains. Given these considerations,
and noting the absence of guidelines recommending specific antibiotic therapies based
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on ribotype, it is imperative that the management of CD colitis cases is guided by careful
clinical assessment. This should involve evaluating the severity of symptoms, the presence
of comorbidities, and relevant laboratory findings to determine the most appropriate course
of action.

6. Study Limitations

It is essential to acknowledge the limitations of our study, including the small number
of included patients and the single-center design. Furthermore, our study is constrained
by the inability of the test to use Xpert C. difficile BT to specifically identify 027/NAP1/BI,
potentially leading to the detection of other ribotypes, aside from 027/NAP1/BI [100]. Con-
sequently, our reported results are presented as presumptive, given this inherent limitation.
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58. Miftode, I.-L.; Leca, D.; Miftode, R.-S.; Roşu, F.; Plesca, C.; Loghin, I.; Timpau, A.S.; Mitu, I.; Mititiuc, I.; Dorneanu, O.; et al. The
Clash of the Titans: COVID-19, Carbapenem-Resistant Enterobacterales, and First Mcr-1-Mediated Colistin Resistance in Humans
in Romania. Antibiotics 2023, 12, 324. [CrossRef] [PubMed]

59. Clostridioides difficile Infection: Epidemiological and Clinical Aspects. PHD Thesis—Summary. Available online: https:
//umfcd.ro/wp-content/uploads/2023/Scoala_doctorala/teza_doctorat/manea_cas_militaru%20e_eliza_daniela/Rezumat%
20doctorat.pdf. (accessed on 26 January 2024).

60. Rao, K.; Higgins, P.D.R.; Young, V.B. An Observational Cohort Study of Clostridium difficile Ribotype 027 and Recurrent Infection.
mSphere 2018, 3, e00033-18. [CrossRef] [PubMed]

61. Turner, N.A.; Grambow, S.C.; Woods, C.W.; Fowler, V.G., Jr.; Moehring, R.W.; Anderson, D.J.; Lewis, S.S. Epidemiologic Trends in
Clostridioides difficile Infections in a Regional Community Hospital Network. JAMA Netw. Open 2019, 2, e1914149. [CrossRef]
[PubMed]

62. Jump, R.L. Clostridium difficile Infection in Older Adults. Aging Health 2013, 9, 403–414. [CrossRef]
63. Vardakas, K.Z.; Konstantelias, A.A.; Loizidis, G.; Rafailidis, P.I.; Falagas, M.E. Risk Factors for Development of Clostridium difficile

Infection Due to BI/NAP1/027 Strain: A Meta-Analysis. Int. J. Infect. Dis. 2012, 16, e768–e773. [CrossRef] [PubMed]
64. Goorhuis, A.; Bakker, D.; Corver, J.; Debast, S.B.; Harmanus, C.; Notermans, D.W.; Bergwerff, A.A.; Dekker, F.W.; Kuijper, E.J.

Emergence of Clostridium difficile Infection Due to a New Hypervirulent Strain, Polymerase Chain Reaction Ribotype 078. Clin.
Infect. Dis. 2008, 47, 1162–1170. [CrossRef] [PubMed]

65. Louie, T.J.; Byrne, B.; Emery, J.; Ward, L.; Krulicki, W.; Nguyen, D.; Wu, K.; Cannon, K. Differences of the Fecal Microflora with
Clostridium difficile Therapies. Clin. Infect. Dis. 2015, 60, S91–S97. [CrossRef]

66. Kachrimanidou, M.; Tsintarakis, E. Insights into the Role of Human Gut Microbiota in Clostridioides difficile Infection. Microorgan-
isms 2020, 8, 200. [CrossRef]

67. Warny, M.; Pepin, J.; Fang, A.; Killgore, G.; Thompson, A.; Brazier, J.; Frost, E.; McDonald, L.C. Toxin Production by an Emerging
Strain of Clostridium difficile Associated with Outbreaks of Severe Disease in North America and Europe. Lancet 2005, 366,
1079–1084. [CrossRef] [PubMed]

68. Press, A.; Ku, B.S.; McCullagh, L.; Rosen, L.; Richardson, S.; McGinn, T. Developing a Clinical Prediction Rule for First Hospital-
Onset Clostridium difficile Infections: A Retrospective Observational Study. Infect. Control Hosp. Epidemiol. 2016, 37, 896–900.
[CrossRef]

69. Dubberke, E.R.; Olsen, M.A.; Stwalley, D.; Kelly, C.P.; Gerding, D.N.; Young-Xu, Y.; Mahé, C. Identification of Medicare Recipients
at Highest Risk for Clostridium difficile Infection in the US by Population Attributable Risk Analysis. PLoS ONE 2016, 11, e0146822.
[CrossRef] [PubMed]

70. Mamic, P.; Heidenreich, P.A.; Hedlin, H.; Tennakoon, L.; Staudenmayer, K.L. Hospitalized Patients with Heart Failure and
Common Bacterial Infections: A Nationwide Analysis of Concomitant Clostridium difficile Infection Rates and In-Hospital Mortality.
J. Card. Fail. 2016, 22, 891–900. [CrossRef] [PubMed]

71. Guh, A.Y.; Adkins, S.H.; Li, Q.; Bulens, S.N.; Farley, M.M.; Smith, Z.; Holzbauer, S.M.; Whitten, T.; Phipps, E.C.; Hancock, E.B.;
et al. Risk Factors for Community-Associated Clostridium difficile Infection in Adults: A Case-Control Study. Open Forum Infect.
Dis. 2017, 4, ofx171. [CrossRef]

72. Bauer, K.A.; Johnston, J.E.W.; Wenzler, E.; Goff, D.A.; Cook, C.H.; Balada-Llasat, J.-M.; Pancholi, P.; Mangino, J.E. Impact of the
NAP-1 Strain on Disease Severity, Mortality, and Recurrence of Healthcare-Associated Clostridium difficile Infection. Anaerobe 2017,
48, 1–6. [CrossRef]

73. Sirard, S.; Valiquette, L.; Fortier, L.-C. Lack of Association between Clinical Outcome of Clostridium difficile Infections, Strain Type,
and Virulence-Associated Phenotypes. J. Clin. Microbiol. 2011, 49, 4040–4046. [CrossRef]

74. Walk, S.T.; Micic, D.; Jain, R.; Lo, E.S.; Trivedi, I.; Liu, E.W.; Almassalha, L.M.; Ewing, S.A.; Ring, C.; Galecki, A.T.; et al. Clostridium
difficile Ribotype Does Not Predict Severe Infection. Clin. Infect. Dis. 2012, 55, 1661–1668. [CrossRef]

75. Morgan, O.W.; Rodrigues, B.; Elston, T.; Verlander, N.Q.; Brown, D.F.J.; Brazier, J.; Reacher, M. Clinical Severity of Clostridium
difficile PCR Ribotype 027: A Case-Case Study. PLoS ONE 2008, 3, e1812. [CrossRef]

76. See, I.; Mu, Y.; Cohen, J.; Beldavs, Z.G.; Winston, L.G.; Dumyati, G.; Holzbauer, S.; Dunn, J.; Farley, M.M.; Lyons, C.; et al. NAP1
Strain Type Predicts Outcomes from Clostridium difficile Infection. Clin. Infect. Dis. 2014, 58, 1394–1400. [CrossRef]

77. Hubert, B.; Loo, V.G.; Bourgault, A.-M.; Poirier, L.; Dascal, A.; Fortin, É.; Dionne, M.; Lorange, M. A Portrait of the Geographic
Dissemination of the Clostridium difficile North American Pulsed-Field Type 1 Strain and the Epidemiology of C. difficile-Associated
Disease in Québec. Clin. Infect. Dis. 2007, 44, 238–244. [CrossRef] [PubMed]

78. Solomon, K. The Host Immune Response to Clostridium difficile Infection. Ther. Adv. Infect. Dis. 2013, 1, 19–35. [CrossRef]
79. Carter, G.P.; Chakravorty, A.; Pham Nguyen, T.A.; Mileto, S.; Schreiber, F.; Li, L.; Howarth, P.; Clare, S.; Cunningham, B.; Sambol,

S.P.; et al. Defining the Roles of TcdA and TcdB in Localized Gastrointestinal Disease, Systemic Organ Damage, and the Host
Response during Clostridium difficile Infections. mBio 2015, 6, e00551-15. [CrossRef] [PubMed]

80. Kuehne, S.A.; Cartman, S.T.; Heap, J.T.; Kelly, M.L.; Cockayne, A.; Minton, N.P. The Role of Toxin A and Toxin B in Clostridium
difficile Infection. Nature 2010, 467, 711–713. [CrossRef] [PubMed]

81. Lyras, D.; O’Connor, J.R.; Howarth, P.M.; Sambol, S.P.; Carter, G.P.; Phumoonna, T.; Poon, R.; Adams, V.; Vedantam, G.; Johnson,
S.; et al. Toxin B Is sEssential for Virulence of Clostridium difficile. Nature 2009, 458, 1176–1179. [CrossRef]

82. Tarasi, A. Nightmare in the Ward: Difficult Clostridioides Infection. Eur. Heart J. Suppl. 2023, 25, B161–B165. [CrossRef] [PubMed]

https://doi.org/10.3390/antibiotics12020324
https://www.ncbi.nlm.nih.gov/pubmed/36830235
https://umfcd.ro/wp-content/uploads/2023/Scoala_doctorala/teza_doctorat/manea_cas_militaru%20e_eliza_daniela/Rezumat%20doctorat.pdf.
https://umfcd.ro/wp-content/uploads/2023/Scoala_doctorala/teza_doctorat/manea_cas_militaru%20e_eliza_daniela/Rezumat%20doctorat.pdf.
https://umfcd.ro/wp-content/uploads/2023/Scoala_doctorala/teza_doctorat/manea_cas_militaru%20e_eliza_daniela/Rezumat%20doctorat.pdf.
https://doi.org/10.1128/mSphere.00033-18
https://www.ncbi.nlm.nih.gov/pubmed/29794054
https://doi.org/10.1001/jamanetworkopen.2019.14149
https://www.ncbi.nlm.nih.gov/pubmed/31664443
https://doi.org/10.2217/ahe.13.37
https://doi.org/10.1016/j.ijid.2012.07.010
https://www.ncbi.nlm.nih.gov/pubmed/22921930
https://doi.org/10.1086/592257
https://www.ncbi.nlm.nih.gov/pubmed/18808358
https://doi.org/10.1093/cid/civ252
https://doi.org/10.3390/microorganisms8020200
https://doi.org/10.1016/S0140-6736(05)67420-X
https://www.ncbi.nlm.nih.gov/pubmed/16182895
https://doi.org/10.1017/ice.2016.97
https://doi.org/10.1371/journal.pone.0146822
https://www.ncbi.nlm.nih.gov/pubmed/26859403
https://doi.org/10.1016/j.cardfail.2016.06.005
https://www.ncbi.nlm.nih.gov/pubmed/27317844
https://doi.org/10.1093/ofid/ofx171
https://doi.org/10.1016/j.anaerobe.2017.06.009
https://doi.org/10.1128/JCM.05053-11
https://doi.org/10.1093/cid/cis786
https://doi.org/10.1371/journal.pone.0001812
https://doi.org/10.1093/cid/ciu125
https://doi.org/10.1086/510391
https://www.ncbi.nlm.nih.gov/pubmed/17173224
https://doi.org/10.1177/2049936112472173
https://doi.org/10.1128/mBio.00551-15
https://www.ncbi.nlm.nih.gov/pubmed/26037121
https://doi.org/10.1038/nature09397
https://www.ncbi.nlm.nih.gov/pubmed/20844489
https://doi.org/10.1038/nature07822
https://doi.org/10.1093/eurheartjsupp/suad096
https://www.ncbi.nlm.nih.gov/pubmed/37091633


Antibiotics 2024, 13, 461 18 of 18

83. Riggs, M.M.; Sethi, A.K.; Zabarsky, T.F.; Eckstein, E.C.; Jump, R.L.P.; Donskey, C.J. Asymptomatic Carriers Are a Potential Source
for Transmission of Epidemic and Nonepidemic Clostridium difficile Strains among Long-Term Care Facility Residents. Clin. Infect.
Dis. 2007, 45, 992–998. [CrossRef]

84. Sheth, P.M.; Douchant, K.; Uyanwune, Y.; Larocque, M.; Anantharajah, A.; Borgundvaag, E.; Dales, L.; McCreight, L.; McNaught,
L.; Moore, C.; et al. Evidence of Transmission of Clostridium difficile in Asymptomatic Patients Following Admission Screening in
a Tertiary Care Hospital. PLoS ONE 2019, 14, e0207138. [CrossRef]

85. Kim, J.; Kim, H.; Oh, H.J.; Kim, H.S.; Hwang, Y.J.; Yong, D.; Jeong, S.H.; Lee, K. Fecal Calprotectin Level Reflects the Severity of
Clostridium difficile Infection. Ann. Lab. Med. 2017, 37, 53–57. [CrossRef]

86. Peretz, A.; Tkhawkho, L.; Pastukh, N.; Brodsky, D.; Halevi, C.N.; Nitzan, O. Correlation between Fecal Calprotectin Levels,
Disease Severity and the Hypervirulent Ribotype 027 Strain in Patients with Clostridium difficile Infection. BMC Infect. Dis. 2016,
16, 309. [CrossRef]
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