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Abstract: Clostridioides difficile infection (CDI) represents a significant cause of morbidity and mortality,
mainly in older and frail subjects. Early identification of outcome predictors, starting from emergency
department (ED) admission, could help to improve their management. In a retrospective single-
center study on patients accessing the ED for diarrhea and hospitalized with a diagnosis of CDI
infection, the patients’ clinical history, presenting symptoms, vital signs, and laboratory exams at ED
admission were recorded. Quick sequential organ failure assessments (qSOFA) were conducted and
Charlson’s comorbidity indices (CCI) were calculated. The primary outcomes were represented by
all-cause in-hospital death and the occurrence of major cumulative complications. Univariate and
multivariate Cox regression analyses were performed to establish predictive risk factors for poor
outcomes. Out of 450 patients, aged > 81 years, dyspnea at ED admission, creatinine > 2.5 mg/dL,
white blood cell count > 13.31 × 109/L, and albumin < 30 µmol/L were independently associated
with in-hospital death and major complications (except for low albumin). Both in-hospital death
and major complications were not associated with multimorbidity. In patients with CDI, the risk
of in-hospital death and major complications could be effectively predicted upon ED admission.
Patients in their 8th decade have an increased risk independent of comorbidities.

Keywords: Clostridioides difficile; aging; frailty; diarrhea; comorbidities

1. Introduction

Clostridioides difficile (C. difficile) disease is one of the most common hospital-acquired
infections, and the first cause of nosocomial diarrhea [1,2]. It represents a significant cause
of morbidity and mortality among hospitalized patients [2].

The infection shows a high variability of clinical pictures, ranging from the state of
asymptomatic carrier, mild or moderate diarrhea, to severe cases characterized by fulminant
colitis, complicated by dehydration, shock, toxic megacolon, ileus, and colon perforation [1].
Several factors determine a higher risk of developing C. difficile infection (CDI), includ-
ing increasing age, length of hospitalization, ongoing and previous antibiotic therapy,
chemotherapy, HIV infection, gastrointestinal surgery, or procedures of the gastrointestinal
tract, including enteral nutrition [2]. The role of proton pump inhibitor (PPI) therapy as a
potential risk factor remains uncertain [2].

Aging has been recognized worldwide as one of the most relevant risk factors for the
development of CDI; about 70–80% of CDI infections occur in adults aged 65 years and
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older [1]. A higher burden of multiple comorbidities, frequent antibiotic use, increased
health care exposure, and biological changes in the immune system may contribute to the
increased vulnerability to this infection with advancing age [3–5]. Although conceivable
that elderly subjects are at a greater risk not only of developing the symptomatic disease,
but also associated complications, including progression to severe or fulminant disease
and recurrences, very few studies have evaluated the role of other prognostic risk factors
besides age in older people.

Up to now, different scores have been proposed to discriminate between severe and
non-severe CDI [6]. These are based on a combination of clinical, laboratory, and radio-
logic/endoscopic parameters [7–10]; the latter are sometimes difficult to obtain, thus lead-
ing to the questionable use of scores in clinical practice. As regards disease outcome, several
factors have shown a predictive capacity for poor prognosis [7]. Patient age, treatment with
systemic antibiotics occurring on 1 or more days of C. difficile therapy, high leukocyte count
and serum creatinine, and low albumin were associated with poor outcomes defined by
the need for colectomy or death within 30 days after C. difficile onset [11–13]. However,
these studies only included patients admitted to internal medicine or gastroenterology
departments, and little is known about the prognostic stratification in the early phases of
the disease [11–13].

In particular, limited data are available on CDI in the emergency department (ED)
setting. Usually, time spent in an ED is not enough to perform an accurate prognostic
evaluation, and clinical judgment often represents the best, and the most practical, instru-
ment to guide immediate strategies. However, considering the relevant burden of CDI on
healthcare resources, and the actual risk of a rapid deterioration of clinical status, waiting
several days for a more detailed characterization and stratification of these patients does not
represent the best way to face the disease. Alternatively, the early identification of outcome
predictors in the ED could help to improve management strategies and risk stratification
for these patients.

This study aimed at evaluating the performance, in different age subgroups, of clinical
and laboratory parameters, in the early identification of CDI patients who are at risk of
poor outcomes.

2. Materials and Methods
2.1. Study Population and Design

This is a retrospective single-centric study conducted in a tertiary urban university
hospital with annual attendance at the ED of about 75,000 patients (more than 87% adults).
We evaluated the electronic clinical records of consecutive patients admitted to the ED for
5 years from January 2016 to December 2020.

We enrolled all patients that accessed the ED for the occurrence of diarrhea, received a
diagnosis of CDI infection, and were subsequently hospitalized. According to international
guidelines [2], diagnosis of CDI was based on the presence of diarrhea (defined as ≥3 un-
formed stools passed per day) and a positive C. difficile toxin A/B enzyme immunoassay,
obtained within 3 days of admission to the ED, to exclude cases of “healthcare facility onset
CDI” [2]. Subjects aged < 18 years and pregnant women were excluded.

2.2. Patient Findings and Clinical History

All clinical and demographic data were extracted anonymously from the hospital’s
computerized clinical records. Patient data were reviewed to assess clinical and demo-
graphic data, major comorbidities, and main clinical symptoms at admission.

In particular, for all patients included in the analysis, we recorded:

1. Demographic data, including age and gender. According to age, the patients were
divided into three different subgroups: 18–64 years; 65–79 years; 80 years and older;

2. Vital signs, including systolic and diastolic blood pressure, heart rate, respiratory rate,
oxygen saturation, body temperature;
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3. Laboratory parameters, including white blood cell count, serum creatinine, and
serum albumin;

4. Main symptoms at ED admission;
5. Vital parameters and clinical presentation at admission were used to calculate, for each

patient, the quick sequential organ failure assessment (qSOFA) score [14]. According
to this score, patients were divided into two groups: suspected sepsis at presentation
(qSOFA ≥ 2), and non-septic presentation (qSOFA < 2);

6. Comorbidities, including hypertension, severe obesity (defined as BMI > 40), history
of coronary artery disease (CAD), congestive heart failure, cerebrovascular disease,
dementia, diabetes, chronic obstructive pulmonary disease (COPD), chronic kidney
disease, malignancy. Overall comorbidity was assessed via the Charlson comorbidity
index (CCI) for each patient [15].

2.3. Outcome Measures

The primary outcome measure was represented by:

1. All-cause in-hospital death;
2. The occurrence of major complications, which included all-cause in-hospital death,

admission to intensive care unit (ICU)/need for mechanical ventilation, sepsis occur-
rence [16], and surgical intervention.

2.4. Statistical Analysis and Sample Size

Continuous variables are reported as the median (interquartile range), and were
compared via univariate analysis using Mann–Whitney U tests, or Kruskal–Wallis tests in
cases of three or more groups. Categorical variables were reported as absolute numbers
(percentage), and were compared using chi-square tests (with Fisher’s test if appropriate).

Receiver operating characteristic (ROC) curve analysis was used to evaluate the
overall performance of the qSOFA score in predicting in-hospital death and major compli-
cation occurrence. Follow-up and length of hospital stay were calculated from the time
of ED admission to discharge or death. Survival curves were estimated via the Kaplan–
Meier method.

The study variables were assessed for associations with all-cause in-hospital death via
a univariate Cox regression analysis. The variables that reached statistical significance in
the univariate analysis were entered into a multivariate Cox regression model to identify
independent risk factors for survival.

We categorized all the continuous variables into dichotomous parameters (i.e., low/high)
for better model fitting. For each variable, we obtained the optimal dividing cutoff by
Youden’s index, performing a ROC curve analysis concerning association with death.
Multivariate models excluded the single items composing derived variables to avoid model
overfitting and parameter overestimation.

The calculated risk of in-hospital death was expressed as a hazard ratio (HR) (95% con-
fidence interval). A two-sided p-value of ≤0.05 was considered significant in all the analyses.
Data were analyzed by SPSS v25® (IBM, Armonk, NY, USA) and MedCalc v18® (MedCalc
Software Ltd., Ostend, Belgium).

2.5. Institutional Review Board Statement

The study was conducted following the 1975 Declaration of Helsinki, and its later
amendments, and was approved by the local Institutional Review Board (IRB #005181419).
Each patient provided informed consent to be included in the analysis.

3. Results

During the study period, a total of 634 patients were admitted to our ED for CDI and
subsequently hospitalized. Among them, 122 patients not meeting the inclusion criteria
and 62 patients having incomplete or inconsistent clinical records were excluded from the
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analysis. Thus, our whole study cohort consisted of 450 patients having a median age of
78 (68–84) years (Figure 1). Males made up 137 (30.4%) of the cohort.
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Figure 1. Enrollment process and final study population.

Table 1 shows the demographic data of our patients, divided into the three defined
age subgroups. As expected, older patients had more comorbidities, according to their
higher CCI, and females were better represented, probably due to the higher life expectancy.
Interestingly, the older patients had clinical presentations slightly different from younger
patients, complaining more often of dyspnea and less frequently of abdominal pain (Table 1).

Table 1. Population demographics.

Variable Age 19–64
N = 80

Age 65–79
N = 171

Age > 80
N = 199 p

Median Age 53 (43–61) 74 (69.5–77) 85 (82–89)
Sex (Male) 27 (33.8%) 62 (36.3%) 48 (24.1%) 0.032

ED Presentation and not Ed presentation

Antibiotic therapy 74 (92.5%) 155(90.6%) 180 (90.4%) 0.418
Previous clostridium infection 16 (20.0%) 51 (29.8%) 51 (25.6%) 0.249

Fever 42 (52.5%) 58 (33.9%) 71 (35.7%) 0.012
Abdominal pain 29 (36.3%) 24 (14.0%) 35 (17.6%) <0.001

Vomit 9 (11.3%) 19 (11.1%) 21 (10.6%) 0.979
Dyspnea 2 (2.5%) 25 (14.6%) 25 (12.6%) 0.017
Syncope 3 (3.8%) 7 (4.1%) 9 (4.5%) 0.953

Malaise/fatigue 8 (10.0%) 20 (11.7%) 24 (12.1%) 0.886
Gastrointestinal bleeding 4 (5.0%) 4 (2.3%) 4 (2.0%) 0.354

qSOFA score 0 (0–1) 0 (0–1) 0 (0–1) 0.422
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Table 1. Cont.

Variable Age 19–64
N = 80

Age 65–79
N = 171

Age > 80
N = 199 p

Laboratory Values

Serum Creatinine mg/dL 0.76 (0.55–1.16) 0.91 (0.62–1.47) 1.22 (0.78–1.83) <0.001
White blood cell count 10.02 (7.33–14.32) 10.6 (7.74–15.90) 11.5 (7.95–17.01) 0.163

Serum Albumin 30.5 (24.7–34) 27 (23–30) 26 (22–31) 0.003

Comorbidities

Charlson Comorbidity Index 1 (0–2) 4 (3–5) 5 (4–6) <0.001
Ischemic heart disease 7 (8.8%) 19 (11.1%) 28 (14.1%) 0.420

Congestive heart failure 4 (5.0%) 19 (11.1%) 41 (20.6%) 0.001
Peripheral vascular disease 8 (10.0%) 36 (21.1%) 50 (25.1%) 0.019

Dementia 0 11 (6.4%) 26 (13.1%) 0.001
COPD 0 25 (14.6%) 33 (16.6%) 0.001

Diabetes 7 (8.8%) 21 (12.3%) 33 (16.6%) 0.185
Chronic kidney disease 2 (2.5%) 12 (7.0%) 23 (11.6%) 0.034
Rheumatologic disease 0 3 (1.8%) 2 (1.0%) 0.458

HIV infection 1 (1.3%) 1 (0.6%) 1 (0.5%) 0.775
Leukemia/Lymphoma 3 (3.8%) 6 (358%) 6 (3.0%) 0.941

Solid Malignancy 7 (8.8%) 19 (11.1%) 9(4.5%) 0.058

Outcomes

Death 3 (3.8%) 15 (8.8%) 45 (22.6%) <0.001
Mechanical Ventilation 2 (2.5%) 7 (4.1%) 4 (2.0%) 0.478

Sepsis 9 (11.3%) 24 (14.0%) 37 (18.6%) 0.243
Colon surgery 0 1 (0.6%) 1 (0.5%) 0.799

Major Cumulative Complications # 11 (13.8%) 32 (18.7%) 62 (31.2%) 0.002
Length of Hospital Stay (days) 6.1 (3.1–14.5) 12.1 (6.8–19.9) 9.9 (5.5–16.9) 0.001

ED readmission in 60 days 7 (8.8%) 17 (9.9%) 15 (7.5%) 0.715
# Major cumulative complications include death, admission to ICU/ventilation, sepsis, and colon surgery.

3.1. In-Hospital Death Occurrence

Overall, 63 (14%) patients died. By univariate analysis, age was significantly correlated
with a higher risk of in-hospital death (p < 0.001) (Table 2).

Table 2. The univariate and multivariate comparison regarding all-cause in-hospital death.

Variable Survived Deceased Univ.
p Value

Hazard Ratio
(95% CI)

Multiv.
p Value

Median cumulative age 77 (67–83) 83 (78–87)
Age > 81 § years 133 (32.8%) § 44 (66.7%) <0.001 3.02 (1.64–5.53) <0.001

Sex (Male) 122 (31.5%) 15 (23.8%) 0.240

ED Presentation and not Ed presentation

Antibiotic therapy 357 (90.9%) 52 (92.4%) 0.684
Previous clostridium infection 99 (25.6%) 19 (30.2%) 0.443

Fever 145 (37.5%) 26 (41.3%) 0.578
Abdominal pain 77 (19.9%) 11 (17.5%) 0.734

Vomit 39 (10.1%) 10 (15.9%) 0.189
Dyspnea 36 (9.3%) 16 (25.4%) <0.001 1.79 (1.01–3.17) 0.047
Syncope 18 (4.7%) 1 (1.6%) 0.495

Malaise/fatigue 44 (11.4%) 8 (12.7%) 0.831
Gastrointestinal bleeding 10 (2.6%) 2 (3.2%) 0.679

qSOFA score 0 [0,1] 0 (0–1) 0.183
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Table 2. Cont.

Variable Survived Deceased Univ.
p Value

Hazard Ratio
(95% CI)

Multiv.
p Value

Laboratory Values

Serum Creatinine mg/dL 0.94 (0.67–1.52) 1.41 (0.81–2.80) 0.002
Creatinine > 2.5 § mg/dL 38 (9.4%) 19 (28.8%) <0.001 1.88 (1.07–3.29) 0.028

WBC (Cells × 109/L) 10.7 (7.58–15.29) 15.7 (10.44–24.36) <0.001
WBC > 13.31 § (Cells × 109/L) 125 (30.8%) 39 (59.1%) <0.001 1.74 (1.03–2.94) 0.037

Serum Albumin (µmol/L) 27 (24–32) 24 (20–28) <0.001
Albumin ≤ 30 § (µmol/L) 270 (66.5%) 60 (90.9%) <0.001 2.95 (1.25–6.93) 0.013

Comorbidities

Charlson Comorbidity Index 4 (3–5) 5 (4–6) <0.001
Charlson Index > 3 § 258 (63.5%) 58 (87.9%) <0.001 1.95 (0.73–5.18) 0.181

Ischemic heart disease 48 (12.4%) 6 (9.5%) 0.676
Congestive heart failure 50 (12.9%) 14 (22.2%) 0.077

Peripheral vascular disease 80 (20.7%) 14 (22.2%) 0.741
Dementia 29 (7.5%) 8 (12.7%) 0.211

COPD 44 (11.4%) 14 (22.2%) 0.025
Diabetes 48 (12.4%) 13 (20.6%) 0.109

Chronic kidney disease 31(8.0%) 6 (9.5%) 0.626
Rheumatologic disease 5 (1.3%) 0 1.000

HIV infection 3 (0.8%) 0 1.000
Leukemia/Lymphoma 13 (3.4%) 2 (3.2%) 1.000

Solid Malignancy 29 (7.5%) 6 (9.5%) 0.610

Outcomes

Length of Hospital Stay (days) 9.5 (5.0–17.1) 11.5 (3.8–21.0) 0.676

Abbreviations: WBC—white blood cell; qSOFA—quick sequential organ failure assessment; COPD—chronic
obstructive pulmonary disease. § Cutoff values were chosen according to the Youden index (J) in ROC analysis
for death.

Patients’ age, dyspnea presentation at the ED, serum creatinine, WBC, serum albumin,
and comorbidities were associated with death occurrence in the univariate analysis. The
best cutoff values discriminating the risk of death since ED admission were age > 81 years,
serum creatinine > 2.5 mg/dL, WBC > 13.31 × 109/L, and serum albumin ≤ 30 µmol/L.
Similarly, the number of comorbidities, expressed by a CCI > 3, was also associated with
an increased risk of death. Figure 2 shows the ROC analysis results for age, creatinine,
albumin, WBC, and the CCI for all-cause in-hospital death. Interestingly, the qSOFA score
at ED admission, which is widely used for risk stratification of infective patients in the
emergency setting, was not significantly different between the two groups (Table 2).

No differences were found between the clinical symptoms at ED admission, except for
dyspnea, reported by 16 (25.4%) patients who died, compared to 36 (9.3%) patients who
survived (p < 0.001).

The multivariate analysis revealed that age > 81 years, low serum albumin, high
creatinine, and high WBC at ED admission were associated with an increased risk of death
(Figure 3). Both CCI and age group were not independently associated with death in
our cohort.

3.2. Cumulative Major Complication Occurrence

Overall, 105 patients experienced major cumulative complications (Table 3). In the
univariate analysis, age was significantly associated with a higher risk of major cumulative
complications, (p < 0.001). Both the ATLAS and CCI were also significantly associated with
major complications (Table 3).



J. Pers. Med. 2022, 12, 1573 7 of 12

J. Pers. Med. 2022, 12, 1573 6 of 12 
 

 
J. Pers. Med. 2022, 12, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/jpm 

Albumin ≤ 30 § (µmol/L)  270 (66.5%) 60 (90.9%) <0.001 2.95 (1.25–6.93) 0.013 
Comorbidities      

Charlson Comorbidity Index 4 (3–5) 5 (4–6) <0.001   
Charlson Index > 3 § 258 (63.5%) 58 (87.9%) <0.001 1.95 (0.73–5.18) 0.181 

Ischemic heart disease 48 (12.4%) 6 (9.5%) 0.676   
Congestive heart failure 50 (12.9%) 14 (22.2%) 0.077    

Peripheral vascular disease 80 (20.7%) 14 (22.2%) 0.741   
Dementia 29 (7.5%) 8 (12.7%) 0.211   

COPD 44 (11.4%) 14 (22.2%) 0.025   
Diabetes 48 (12.4%) 13 (20.6%) 0.109   

Chronic kidney disease 31(8.0%) 6 (9.5%) 0.626   
Rheumatologic disease  5 (1.3%) 0 1.000   

HIV infection 3 (0.8%) 0 1.000   
Leukemia/Lymphoma 13 (3.4%) 2 (3.2%) 1.000   

Solid Malignancy 29 (7.5%) 6 (9.5%) 0.610   
Outcomes      

Length of Hospital Stay (days) 9.5 (5.0–17.1) 11.5 (3.8–21.0) 0.676   
Abbreviations: WBC—white blood cell; qSOFA—quick sequential organ failure assessment; 
COPD—chronic obstructive pulmonary disease. § Cutoff values were chosen according to the 
Youden index (J) in ROC analysis for death. 

Patients’ age, dyspnea presentation at the ED, serum creatinine, WBC, serum albu-
min, and comorbidities were associated with death occurrence in the univariate analysis. 
The best cutoff values discriminating the risk of death since ED admission were age > 81 
years, serum creatinine > 2.5 mg/dL, WBC > 13.31 × 109/L, and serum albumin ≤ 30 µmol/L. 
Similarly, the number of comorbidities, expressed by a CCI > 3, was also associated with 
an increased risk of death. Figure 2 shows the ROC analysis results for age, creatinine, 
albumin, WBC, and the CCI for all-cause in-hospital death. Interestingly, the qSOFA score 
at ED admission, which is widely used for risk stratification of infective patients in the 
emergency setting, was not significantly different between the two groups (Table 2). 

 
Figure 2. Receiver operating characteristic (ROC) analysis for age, creatinine, albumin, white blood 
cell count (WBC), and Charlson comorbidity index (CCI) at admission for all-cause in-hospital 
Figure 2. Receiver operating characteristic (ROC) analysis for age, creatinine, albumin, white blood
cell count (WBC), and Charlson comorbidity index (CCI) at admission for all-cause in-hospital
death. ROC areas under the curve: age, 0.684 (0.640–0.726); creatinine, 0.675 (0.631–0.717); WBC,
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Syncope 15 (4.3%) 4 (3.8%) 1.000   

Figure 3. Adjusted cumulative survival of CDI patients according to age divided by the cutoff value
of 81 years indicated by the ROC analysis Youden index (J). Adjusted mortality was about threefold
higher in older patients regardless of comorbidities and other clinical covariates.
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Table 3. Univariate and multivariate analysis for major cumulative complications #.

Variable None or Minor
Complications

Cumulative
Major Complications

Univariate p
Value

Hazard Ratio
(95% CI)

Multiv.
p Value

Median cumulative age 77 (67–83) 82 (72–86) <0.001
Age > 81 § years 116 (32.0%) 61 (55.5%) <0.001 2.90 (1.77–4.75) <0.001

Sex (Male) 111 (32.2%) 26 (24.8%) 0.183

ED Presentation and not Ed
presentation

Antibiotic therapy 317 (90.3%) 92 (93.6%) 0.286
Previous clostridium infection 87 (25.2%) 31 (29.5%) 0.378

Fever 126 (36.5%) 45 (42.9%) 0.252
Abdominal pain 74 (21.4%) 14 (13.3%) 0.069

Vomit 34 (9.9%) 15 (14.3%) 0.212
Dyspnea 29(8.4%) 23 (21.9%) 0.001 1.45 (0.89–2.34) 0.130
Syncope 15 (4.3%) 4 (3.8%) 1.000

Malaise/fatigue 36 (10.4%) 16 (15.2%) 0.221
Gastrointestinal bleeding 9 (2.6%) 3 (2.9%) 1.000

qSOFA score 0 (0–1) 0 (0–1) 0.184

Laboratory Values

Serum Creatinine mg/dL 0.92 (0.68–1.49) 1.21 (0.74–2.25) 0.012
Creatinine > 2.5 § mg/dL 33 (9.1%) 24 (21.8%) <0.001 1.64 (1.01–2.67) 0.047

WBC (Cells × 109/L) 10.65 (7.61–14.94) 14.02 (9.01–21.2) <0.001
WBC > 13.31 § (Cells × 109/L) 107 (29.6%) 57 (51.8%) <0.001 1.61 (1.07–2.42) 0.022

Serum Albumin (µmol/L) 28 (24–32) 25 (21–29) 0.001
Albumin ≤ 30 § (µmol/L) 242 (66.9%) 88 (80.0%) 0.008 1.45 (0.88–2.37) 0.141

Comorbidities

Charlson Comorbidity Index 4 (3–5) 5 (4–6) 0.002
Charlson Index > 3 § 233 (64.4%) 83 (75.5%) 0.030 1.13 (0.60–2.14) 0.701

Ischemic heart disease 43 (12.5%) 11 (10.5%) 0.732
Congestive heart failure 40 (11.8%) 24 (22.9%) 0.006

Peripheral vascular disease 70 (20.3%) 24 (22.9%) 0.585
Dementia 25 (7.2%) 12 (11.4%) 0.221

COPD 37 (10.7%) 21 (20.0%) 0.019
Diabetes 45 (13.0%) 16 (15.2%) 0.625

Chronic kidney disease 28 (8.1%) 9 (8.6%) 0.841
Rheumatologic disease 5 (1.4%) 0 0.595

HIV infection 2 (0.6%) 1 (1.0%) 0.550
Leukemia/Lymphoma 9 (2.6%) 5.7 (7.3%) 0.128

Solid Malignancy 24 (7.0%) 11 (10.5%) 0.296

Outcomes

Length of Hospital Stay (days) 8.8 (4.7–14.1) 16.0 (6.7–30.5) <0.001
Readmission in ED in 60 days 34 (9.9%) 5 (4.8%) 0.116

Abbreviations: WBC—white blood cell; qSOFA—quick sequential organ failure assessment; COPD—chronic
obstructive pulmonary disease. § Cutoff values are chosen according to Youden index (J) in ROC analysis
with respect to death. # Major cumulative complications include death, admission to ICU/ventilation, sepsis,
colon surgery.

In terms of in-hospital death, the patients experiencing major complications were older
and had higher creatinine levels and higher WBC counts at ED admission. Interestingly,
the albumin value and the number of comorbidities were not significantly associated with
major complications once adjusted for significant clinical covariates (Table 3).

3.3. Overall LOS and ED Readmission within 60 Days

Overall LOS was significantly correlated with age (p < 0.05, Table 1) and occurrence of
major complications (p < 0.001, Table 3), while ED readmission within 60 days did not show
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a significant difference among the three age subgroups (Table 1), nor with the occurrence of
major complications (Table 3).

4. Discussion

The major findings of the present work are that in patients with CDI, the risk of in-
hospital death and major complications could be effectively predicted upon ED admission.
Interestingly, and contrary to expectation, the presence of multiple comorbidities alone is not
associated with a different risk of poor outcomes; for example, patients > 81 years old have
an increased risk of death and major complications, independent of other clinical covariates.

CDI represents a burdensome clinical issue; it is associated with significant morbidity
and mortality worldwide, with a relevant impact on healthcare costs, mainly linked to
prolonged hospitalization and rehospitalization [1,2]. Therefore, early identification of
patients at risk appears fundamental to optimizing treatment and selecting those patients
who might benefit from more aggressive strategies.

Until now, a series of typical risk factors for a more severe and complicated course of
CDI have been identified, such as age ≥ 80 years, white cell count of <4 or ≥20 × 109/L,
rise in serum creatinine (1.5-fold higher than the premorbid level, or absolute value
of 1.5 mg/dL), increase in blood urea nitrogen (>7 mmol/L), and C-reactive protein
levels ≥ 150 mg/L [3–10,16]. In particular, advanced age, widely recognized as a key
unfavorable prognostic element in most diseases, may contribute by different mechanisms,
including the remodeling of the immune system, the higher prevalence of malnutrition and
sarcopenia, and the increased occurrence of multimorbidity [13]. In the case of CDI, it has
been reported that the mortality rate significantly increases with advancing age [17–19],
ranging from 3.4% in patients aged <40 years to 41% in those aged >90 years [20].

The present study suggests that, in the emergency setting, older age, together with
values of white blood cell count and serum creatinine at ED admission, are independent
risk factors for mortality and major cumulative complications.

Moreover, the covariate-adjusted analysis demonstrates that the simple increase in
comorbidities is not an independent predictor of poor outcomes. Comorbidities are often
considered risk factors in patients with CDI. However, the heterogeneity of the evaluated
cohorts, and the small sample sizes considered [21,22], might have limited a correct under-
standing of its real significance. Lee et al. showed that a different antibiotic strategy based
on Charlson’s score, that is, oral metronidazole with a score < 5 or oral vancomycin with a
score ≥ 5, might positively influence the survival of CDI patients [7]. However, the CDI
group was composed of only 42 subjects, with a quite low median age of 66 years old, and
no group included patients aged over 80. A larger cohort study on 2761 CDI patients with a
median age of 82.1 years [23] showed that 30-day mortality was predicted by the presence
of comorbidities (cancer, cognitive impairment, cardiovascular, respiratory, and kidney
disease). As a result, the authors extrapolated a predictive score based on age, renal disease,
and cancer (ARC score) that was able to differentiate between groups of patients with
varying risk at 30-day absolute mortality. As the same authors underlined, however, this
score might have deserved further validation in younger or specialized cohorts, compared
with “gold standard” predictors, which have not been available until now [23].

In the present cohort, the clinical presentation of the patients was poorly associated
with the prognosis, with the single exception of the presence of dyspnea at ED admission.
However, less than 12% of the patients presented this symptom in the study cohort. These
data confirm the results of a recent narrative review suggesting the limited association
between typical “abdominal” symptoms and CD infection and outcomes, particularly in
the elderly patients accessing the ED [24].

Similarly, the qSOFA score, which is commonly used in the emergency setting for
the prognostic stratification of patients with infective diagnosis, was not associated with
poor outcomes in our cohort. These results can be explained by the relatively mild clinical
presentation of most CD infections in the first phase, with a progression to overt sepsis
only in the late phases of the disease. This clinical course could be different in patients with



J. Pers. Med. 2022, 12, 1573 10 of 12

immunodepression or malignancy, as demonstrated by a recent report on a small cohort of
CDI patients with concomitant solid tumors, in which a qSOFA score ≥ 2 was found to be
associated with a poor prognosis [25].

Contrary to clinical signs, some laboratory values at ED admission could have relevant
implications for the risk stratification of patients with CDI. In most of the previous studies,
and in the present cohort, a high WBC count represented the most reliable marker of severe
disease and poor prognosis, although this value has very little specificity [4,7–10,21–24].
Similarly, the impairment of renal function, as assessed by elevated serum creatinine, was
demonstrated to be associated with a worse prognosis in CDI, such as other infective
diseases [4,7–10,21–24]. Particular attention should be given to bowel protein loss and poor
nutritional status in these patients, since reduced albumin was found to be associated with
poor prognosis in several studies, and in the present cohort [7–10,21–24]. A systematic per-
formance tool or a validated prognostic score for the early phases of hospitalization or ED
admission could help physicians in modulating disease management; for example, know-
ing when adopt a more aggressive therapeutic approach and/or increase monitoring in
selected patients. The ATLAS score (consisting of the variables age, temperature, leukocyte
count, albumin, systemic antibiotics, and serum creatinine) was proposed by Miller et al.
for the risk stratification of CDI patients [7], and it has been validated in both community
and hospital settings [4,8–10,16,21–23]. However, only a few studies have evaluated CDI in
such a complex setting as the ED, although this context deserves particular attention. A
recent 8-year project conducted by the Nationwide Emergency Department reported over
900,000 visits to the ED for CDI, and it demonstrated that about 10% of patients visiting the
ED for diarrhea then received a diagnosis of CDI [26].

Until now, the few data available on prognostics scores for CDI in the emergency
setting could only be derived from studies on ICU patients [20,21]. Sabau et al. showed
that the SOFA score at the time of CDI onset correlated with a more complicated course of
CDI, together with low levels of serum albumin and the simplified acute physiology (SAPS)
score [27]. Conversely, Aguilar et al. found that the ATLAS score failed to predict the cure
rate in the ICU setting [28], most likely because this score is validated for a moderately ill
population, and is not specifically designed for acutely ill patients.

People visiting the ED, such as our study cohort, represent a heterogeneous group of
subjects complaining of mild to severe symptoms. Although selected for hospitalization,
our population was quite different from typical ICU patients. It is not surprising, therefore,
that a specific disease score for sepsis (qSOFA) was poorly effective for the prognostic strat-
ification of the patients. Interestingly, dyspnea was an independent predictive symptom
of poor outcomes in our cohort, possibly for its association with the risk of an underlying
septic status.

The present study confirms that old age, and particularly in those past their 8th decade,
is a strong risk factor for poor prognosis, with the CDI patients over 81 years in our cohort
having a threefold risk of death compared to younger patients, after adjusting for clinical
covariates. Most of the current research focuses on the presence of multiple comorbidities
to explain the disproportionate mortality of this subgroup of patients [20–23]. As expected,
in the present cohort, older subjects had a higher number of comorbidities, and were more
likely to suffer from cardiovascular and pulmonary diseases, and dementia. However, when
adjusted for clinical covariates, our analysis revealed that the comorbidities themselves
were not associated with a worse prognosis. It is well known in current geriatric research
that comorbidities, such as chronological age, do not always truly reflect the overall health
status of older patients [28]. For this reason, the “frailty” concept was introduced to better
characterize the declined physiologic function, diminished strength, and reduced resilience
to stressors that lead to an increased risk of adverse outcomes [28]. The concept of frailty is
often confused in clinical practice with multimorbidity. Despite these conditions sharing
several aspects, and the fact that chronic diseases are often a key component of the frailty
status, the two concepts are clinically distinct [29–32]. The present research did not include
a frailty evaluation, upon admission into the ED, of the enrolled CDI patients; thus, we
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cannot conclude whether old age is associated with a worse prognosis due to an increase in
frailty or due to other clinical reasons, such as the remodeling of the immune system, and
the higher prevalence of malnutrition and sarcopenia [13,17–20].

5. Study Limitations

Some limitations are worth considering. Firstly, the single-center retrospective design
and the selection of hospitalized patients could lead to the exclusion of a subgroup of CDI
with milder infection.

Moreover, we could not evaluate CDI recurrence after the first 60 days, or the multiple
CDI recurrence. Prediction of those patients at increased risk of recurrent CDI might guide
physicians in the early selection of the candidates for new drugs or strategies, including
fecal microbiota transplantation. Finally, we did not perform a separate analysis based on
specific antibiotic CDI therapy, because we only selected patients who were hospitalized,
and consequently, all were treated according to international guidelines. Further studies
should be performed to recognize, upon first presentation in the ED, patients at risk of poor
prognosis, including the risk of CDI recurrence.

6. Conclusions

In conclusion, early identification of outcome predictors of CDI patients, starting from
ED admission, could help to identify the most appropriate management strategy for each
patient. Patients in their 8th decade and over are at increased risk of worse prognosis,
including major complications and death, regardless of pre-existing comorbidities. Low
albumin, increased WBC count and creatinine level, and dyspnea at presentation could be
considered “red flags” for patients at increased risk following admission into the ED.
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Unfavourable outcome predictors in a hospital for infectious diseases. BMC Infect. Dis. 2015, 15, 141. [CrossRef] [PubMed]

13. Paláu-Dávila, L.; Garza-González, E.; Gutiérrez-Delgado, E.M.; Camacho-Ortiz, A. Predictors of severe outcomes in patients with
Clostridium difficile infection from a Hispanic population. Indian J. Gastroenterol. 2017, 36, 38–42. [CrossRef] [PubMed]

14. Brabrand, M.; Havshøj, U.; Graham, C.A. Validation of the qSOFA score for identification of septic patients: A retrospective study.
Eur. J. Intern. Med. 2016, 36, e35–e36. [CrossRef] [PubMed]

15. Charlson, M.; Szatrowski, T.P.; Peterson, J.; Gold, J. Validation of a combined comorbidity index. J. Clin. Epidemiol. 1994, 47,
1245–1251. [CrossRef]

16. Chiang, H.Y.; Huang, H.C.; Chung, C.W.; Yeh, Y.C.; Chen, Y.C.; Tien, N.; Lin, H.; Ho, M.; Kuo, C. Risk prediction for 30-day
mortality among patients with Clostridium difficile infections: A retrospective cohort study. Antimicrob. Resist. Infect. Control
2019, 8, 175. [CrossRef]

17. Andrews, C.N.; Raboud, J.; Kassen, B.O.; Enns, R. Clostridium difficile-associated diarrhea: Predictors of severity in patients
presenting to the emergency department. Can. J. Gastroenterol. 2003, 17, 369–373. [CrossRef]

18. Marra, A.R.; Edmond, M.B.; Wenzel, R.P.; Bearman, G.M.L. Hospital-acquired Clostridium difficile-associated disease in the
intensive care unit setting: Epidemiology, clinical course and outcome. BMC Infect. Dis. 2007, 7, 42. [CrossRef] [PubMed]

19. Sailhamer, E.; Carson, K.; Chang, Y.; Zacharias, N.; Spaniolas, K.; Tabbara, M.; Alam, H.B.; DeMoya, M.A.; Velmahos, G.C.
Fulminant Clostridium difficile colitis: Patterns of care and predictors of mortality. Arch. Surg. 2009, 144, 433–439. [CrossRef]

20. McGowan, A.P.; Lalayiannis, L.C.; Sarma, J.B.; Marshall, B.; Martin, K.E.; Welfare, M.R. Thirty-day mortality of Clostridium
difficile infection in a UK National Health Service Foundation Trust between 2002 and 2008. J. Hosp. Infect. 2011, 77, 11–15.
[CrossRef]

21. Hardt, C.; Berns, T.; Treder, W.; Dumoulin, F.L. Univariate and multivariate analysis of risk factors for severe Clostridium difficile-
associated diarrhoea: Importance of co-morbidity and serum C-reactive protein. World J. Gastroenterol. 2008, 14, 4338–4341.
[CrossRef] [PubMed]

22. Cadena, J.; Thompson, G.R., III; Patterson, J.E.; Echevarria, K.; Nakashima, B.; Mortensen, E.M.; Owens, A. Clinical predictors
and risk factors for relapsing Clostridium difficile infection. Am. J. Med. Sci. 2010, 339, 350–355. [CrossRef] [PubMed]

23. Welfare, M.R.; Lalayiannis, L.C.; Martin, K.E.; Corbett, S.; Marshall, B.; Sarma, J.B. Co-morbidities as predictors of mortality in
Clostridium difficile infection and derivation of the ARC predictive score. J. Hosp. Infect. 2011, 79, 359–363. [CrossRef] [PubMed]

24. Carius, B.M.; Liang, S.Y.; Koyfman, A.; Long, B. Clostridioides difficile infection evaluation and management in the emergency
department. Am. J. Emerg. Med. 2020, 38, 2203–2208. [CrossRef]

25. Sahu, K.K.; Mishra, A.K.; Jindal, V.; Siddiqui, A.D.; George, S.V. To study the contributing factors and outcomes of Clostridioides
difficile infection in patients with solid tumors. Heliyon 2021, 7, e08450. [CrossRef]

26. Garg, S.K.; Obaitan, I.; Sarvepalli, S.; Anugwom, C.M.; Pardi, D.S.; Khanna, S. Clostridium difficile Infection in the Emergency
Department. J. Clin. Gastroenterol. 2020, 54, 350–355. [CrossRef]

27. Sabau, L.; Meybeck, A.; Gois, J.; Devos, P.; Patoz, P.; Boussekey, N.; Delannoy, P.-Y.; Chiche, A.; Georges, H.; Leroy, O. Clostridium
difficile colitis acquired in the intensive care unit: Outcome and prognostic factors. Infection 2014, 42, 23–30. [CrossRef]

28. Aguilar, R.C.; Salmanton-García, J.; Carney, J.; Böll, B.; Kochanek, M.; Jazmati, N.; Cornely, O.A.; Vehreschild, M.J.G.T. Clostridioides
difficile infections in the intensive care unit: A monocentric cohort study. Infection 2020, 48, 421–427. [CrossRef]

29. Vermeiren, S.; Vella-Azzopardi, R.; Beckwée, D.; Habbing, A.K.; Scafoglieri, A.; Jansen, B. Gerontopole Brussels Study group.
Frailty and the Prediction of Negative Health Outcomes: A Meta-Analysis. J. Am. Med. Dir. Assoc. 2016, 17, 1163. [CrossRef]

30. Fried, L.P.; Tangen, C.M.; Walston, J. Frailty in older adults: Evidence for a phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56,
146–156. [CrossRef]

31. Onder, G.; Cesari, M.; Maggio, M.; Palmer, K. Defining a care pathway for patients with multimorbidity or frailty. Eur. J. Int. Med.
2017, 38, 1–2. [CrossRef] [PubMed]

32. Covino, M.; Salini, S.; Russo, A.; De Matteis, G.; Simeoni, B.; Maccauro, G. Frailty Assessment in the Emergency Department for
Patients ≥80 Years Undergoing Urgent Major Surgical Procedures. J. Am. Med. Dir. Assoc. 2022, 23, 581–588. [CrossRef] [PubMed]

http://doi.org/10.1186/1471-2334-13-148
http://doi.org/10.1086/658336
http://doi.org/10.1111/1469-0691.12418
http://doi.org/10.1016/j.bj.2018.12.002
http://www.ncbi.nlm.nih.gov/pubmed/31130254
http://doi.org/10.1016/j.bjid.2015.05.005
http://www.ncbi.nlm.nih.gov/pubmed/26117213
http://doi.org/10.1186/s12879-015-0895-y
http://www.ncbi.nlm.nih.gov/pubmed/25881288
http://doi.org/10.1007/s12664-016-0722-4
http://www.ncbi.nlm.nih.gov/pubmed/27987135
http://doi.org/10.1016/j.ejim.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/27640097
http://doi.org/10.1016/0895-4356(94)90129-5
http://doi.org/10.1186/s13756-019-0642-z
http://doi.org/10.1155/2003/723471
http://doi.org/10.1186/1471-2334-7-42
http://www.ncbi.nlm.nih.gov/pubmed/17517130
http://doi.org/10.1001/archsurg.2009.51
http://doi.org/10.1016/j.jhin.2010.09.017
http://doi.org/10.3748/wjg.14.4338
http://www.ncbi.nlm.nih.gov/pubmed/18666322
http://doi.org/10.1097/MAJ.0b013e3181d3cdaa
http://www.ncbi.nlm.nih.gov/pubmed/20224312
http://doi.org/10.1016/j.jhin.2011.08.015
http://www.ncbi.nlm.nih.gov/pubmed/22047977
http://doi.org/10.1016/j.ajem.2020.06.083
http://doi.org/10.1016/j.heliyon.2021.e08450
http://doi.org/10.1097/MCG.0000000000001252
http://doi.org/10.1007/s15010-013-0492-1
http://doi.org/10.1007/s15010-020-01413-8
http://doi.org/10.1016/j.jamda.2016.09.010
http://doi.org/10.1093/gerona/56.3.M146
http://doi.org/10.1016/j.ejim.2017.01.013
http://www.ncbi.nlm.nih.gov/pubmed/28111156
http://doi.org/10.1016/j.jamda.2021.12.039
http://www.ncbi.nlm.nih.gov/pubmed/35120978

	Introduction 
	Materials and Methods 
	Study Population and Design 
	Patient Findings and Clinical History 
	Outcome Measures 
	Statistical Analysis and Sample Size 
	Institutional Review Board Statement 

	Results 
	In-Hospital Death Occurrence 
	Cumulative Major Complication Occurrence 
	Overall LOS and ED Readmission within 60 Days 

	Discussion 
	Study Limitations 
	Conclusions 
	References

