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ABSTRACT: Clostridoides difficile infection (CDI) is the leading cause of antibiotic related diarrhea therapy and 

may associate high morbidity and mortality. Providing a potential biomarker to assess disease severity may help 
physicians in choosing the right treatment. Methods. This was a prospective, single-centre cohort study which 
included patients diagnosed with CDI which were assessed by fecal calprotectin (FC). Results. Patients included had 
a mean of 69.29 years of age, 54.23% of male gender. Patients diagnosed with mild CDI had a mean ATLAS score 
of 3.39 (±1.24), statistically lower (p<0.001) than patients with severe CDI who had a mean ATLAS score of 7.33 
(±0.77). Fecal calprotectin concentrations were significantly higher (p<0.001) in the severe CDI patients (615.14μg/g; 
IQR, 403.62-784.4μg/g) than in the mild CDI patients (195.42μg/g; IQR, 131.12-298.59μg/g). We suggest a cut-off of 
290.09μg/g for the predictive marker of fecal calprotectin, which permitted to identify patients with severe and mild 
CDI, having 100% sensitivity and 76% specificity. Conclusions. Our findings point out the potential that FC might 
have, as a biomarker for disease severity. However, future multicentre studies and in larger cohort need to validate 
the results. 

KEYWORDS: Clostridoides difficile infection, fecal calprotectin, predictive value. 

Introduction 

Clostridoides difficile infection (CDI) still 

ranks as the most encountered nosocomial 

infection, with an increased incidence over the 

past years [1]. 

Most of the cases appear after antibiotic 

exposure during admissions, but there is also a 

community spread especially in young patients 

[2]. 

CDI is responsible for membranous colitis 

and is considered a major cause of diarrhea in 

adult patients. The main risk factors which have 

been related to CDI, besides antibiotic exposure 

are older age, hospitalization, proton pump 

inhibitors (PPI), end-stage kidney disease, 

cirrhosis, cancer [3]. 

Disease severity depends on the patient’s 

vulnerability and may even lead to a fulminant 

colitis with megacolon, low blood presure and 

shock which is associated to a high mortality 

rate [4]. 

Several guidelines tried to define CDI 

severity by using several parameters such as age, 

temperature, albumin, white blood count, end-

stage kidney disease [5-7]. 

However, potential use of specific 

biomarkers might help differentiate patients with 

severe colitis thus providing more data to the 

decision-making process. On the other hand, by 

using a biomarker to determine disease 

evolution after CDI therapy might help assess 

the therapeutic response. 

Fecal calprotectin (FC) is a non-invasive 

biomarker used to assess disease severity of 

inflammatory bowel disease [8]. 

However, it may be also used for other 

causes of intestinal inflammation as it is released 

during an inflammatory response. Few studies 

reported a higher level of calprotectin in patients 

diagnosed with CDI when compared to other 

causes of diarrhea [9,10]. 

However, there are not many studies that 

differentiate CDI disease severity which might 

be very helpful to assess patient’s prognosis and 

response to treatment. 

Our objective was to consider FC as 

predictive biomarker to identify patients with 

CDI severe disease and differentiate from mild 

disease, which might help to prevent possible 

complication. 
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Methods 

This was a prospective, single-centre cohort 

study which included patients diagnosed with 

CDI within the University County Hospital of 

Craiova, Romania, from January 1, 2017 to 

December 31, 2019. 

All patients who agreed to join the study 

signed an informed consent form, conforming to 

the Declaration of Helsinki, 1967. 

The study was approved by the University of 

Medicine and Pharmacy of Craiova Ethics 

Commission no. 88/2020. 

Study design 

CDI diagnosis 
CDI was diagnosed by an enzyme 

immunoassay for detecting glutamate 

dehydrogenase according to European Society 

of Clinical Microbiology and Infectious Disease 

(ECSMID). 

Patients were tested positive for CDI by A/B 

stool assay and received vancomycin 

+/-metronidazole according to available 

guidelines. 

Patient’s characteristics 
We included the following variables medical 

records: age, gender, comorbidities, admission 

in the ICU, previous antibiotic use (<14 days), 

biological findings with focus on complete 

blood count, urea, creatinine, serum albumin, 

CRP. 

To assess disease severity, we also performed 

the Atlas score which consists of age, systemic 

antibiotics during CDI therapy, leukocyte count, 

albumin, creatinine.  

Fecal calprotectin was tested by Elisa 

technique with normal below <50 microg/g. 

We divided the patients into two groups with 

mild and severe disease activity according to Zar 

et al. [11]. 

Patients with colorectal cancer and IBD were 

excluded. 

 

 

 

 

 

 

 

 

Statistical analysis 
To investigate categorical variables, we used 

Fisher’s Exact Test. 

For continuous variables, we used non-

parametric Mann-Whitney U Test, due to the 

small number of the patients, to determine 

whether clinical characteristics differed between 

dead and living patients. 

ROC curve and Youden’s index was 

analyzed to identify the optimal cut-off values 

for fecal calprotectin in severity CDI diagnosis. 

The significance level is 0.05. Statistical 

analyses were performed by using GraphPad 

Prism 9.1.2. 

Results 

A total of 59 patients were included, 

41 patients had mild CDI and 18 patients had 

severe CDI. 

The mean age of the patients was 69.29 years 

(±8.95, range 43-89), with more male 

32 (54.23%) than female. 

Baseline characteristics for every group of 

patients are shown in Table 1. 

Comorbidities in both groups were not 

similar: more patients with hypertension, lung 

disease or renal failure were in the group of 

severe CDI. 

No differences were found between the two 

groups for malignancy examination (p=0.517), 

even if a higher percentage was found for severe 

CDI patients (33.3%) than for mild CDI patients 

(22%). 

All the severe CDI patients were treated in 

the intensive care unit, whereas only 9.8% mild 

CDI patients were hospitalized in the intensive 

care unit (p<0.0001). 

There was no statistically significant 

difference in receiving antibiotic therapy within 

14 days (p=0.092). 

The median leucocytes, neutrophils, 

creatinine, urea, and CRP were significantly 

higher in the severe CDI group than in the mild 

CDI group, whereas albumin level was lower 

(p<0.0001). 

Fecal calprotectin concentrations were higher 

(p<0.001) in the severe CDI patients 

(615.14μg/g; IQR, 403.62-784.4μg/g) than  

in the mild CDI patients (195.42μg/g; IQR, 

131.12-298.59μg/g). 
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Table 1. Characteristics and outcomes of the study CDI patients. 

 
Mild 

n=41 

Severe 

n=18 
p-value 

Age, years 
64.9 (±6.28) 

65 (62-69) 

79.28 (±5.32) 

81 (76-82) 
<0.0001 

Gender, Male 23 (56.1%) 9 (50%) 0.779 

Mortality, Yes 6 (14.6%) 11 (61.1%) 0.001 

Cirrhosis, Yes 8 (19.5%) 2 (11.1%) 0.708 

Hypertension, Yes 23 (56.1%) 16 (88.9%) 0.017 

Diabetes, Yes 22 (53.7%) 13 (72.2%) 0.252 

Cardiovascular disease, Yes 18 (43.9%) 13 (72.2%) 0.053 

Lung disease, Yes 5 (12.2%) 8 (44.4%) 0.014 

Renal failure, Yes 13 (31.7%) 12 (66.7%) 0.021 

Malignancy, Yes 9 (22.0%) 6 (33.3%) 0.517 

Intensive care unit, Yes 4 (9.8%) 18 (100%) <0.0001 

Antibiotics<14 days, Yes 33 (80.5%) 18 (100%) 0.092 

Leucocytes 
13,477.24 (±2,428.69) 

13,300 (11,750-15,250) 

22,305.00 (±4,737.61) 

22,325 (18,688-25,445) 
<0.0001 

Neutrophils 
81.36 (±8.66) 

79.8 (78.5-88.55) 

95.89 (±2.65) 

96.25 (94.88-98.2) 
<0.0001 

Hemoglobin 
11.18 (±1.33) 

11.1 (10.1-12.25) 

11.00 (±1.29) 

11.15 (9.78-12.15) 
0.723 

Hematocrit 
39.12 (±4.54) 

41 (37.65-42.3) 

36.56 (±5.48) 

38.15 (31.39-41.38) 
0.074 

Thrombocytes 
198,279.02 (±81,413.0) 

190,000 (160,500-218,450) 

181,833.33 (±38,097.78) 

170,000 (152,000-197,250) 
0.370 

Creatinine 
1.35 (±0.53) 

1.32 (0.8-1.74) 

2.95 (±0.76) 

3.18 (2.2-3.5) 
<0.0001 

Urea 
91.44 (±42.25) 

88 (58.5-117.5) 

210.11 (±75.2) 

204 (143.5-262) 
<0.0001 

Albumin 
3.4 (±0.33) 

3.5 (3.2-3.6) 

2.65 (±0.32) 

2.6 (2.4-2.83) 
<0.0001 

CRP 
29.32 (±13.41) 

26 (20.5-34) 

163.06 (±89.77) 

129 (101-243) 
<0.0001 

ATLAS 
3.39 (±1.24) 

3 (2-4.5) 

7.33 (±0.77) 

7 (7-8) 
<0.0001 

Calprotectin (μg/g) 
217.92 (±106.05) 

195.42 (131.12-298.59) 

629.16 (±254.59) 

615.14 (403.62-784.4) 
<0.0001 

 

Data are presented as mean (±S.D.) and 

median (interquartile range) for continuous 

characteristics or count (percentage) for 

categorical characteristics. 

The distribution of ATLAS and Fecal 

calprotectin scores among mild and severe CDI 

patients can be seen in Figure 1. 

Their comparations demonstrated that 

patients with severe CDI tended to have higher 

values than mild CDI patients, with skewed 

distribution. 
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Figure 1. Violin plots showing the distribution of values for ATLAS score  
and Fecal calprotectin by severity CDI patients. 

 

The AUC was 0.953 (95% CI, 0.903-1.0) for 

CDI severity (p-value<0.001), as in Figure 2. 

The optimum FC value of 290.09μg/g 

permits to identify patients with severe and mild 

CDI, having 100% sensitivity and 76% 

specificity. 

 
Figure 2. ROC curve analysis of fecal calprotectin 

concentrations by severity CDI. 

Discussions 

Identifying patients that might develop 

severe CDI colitis or fulminant colitis is of 

major importance as it may help choose the 

proper treatment. 

Metronidazole and vancomycin are 

recommended as first line of treatment, whereas 

fidaxomicin, and fecal microbiota 

transplantation have been suggested for 

refractory or severe disease [12]. 

Potential biomarkers, such as fecal 

calprotectin and lactoferrin have been suggested 

for diagnosis and CDI severity assessment, as 

they may corelate with colonic inflammation. 

Providing a specific biomarker for risk 

stratification in CDI could decrease morbidity 

and mortality and may reduce the resources used 

to treat these patients. 

Our study focused on FC to differentiate 

between mild and severe CDI colitis. 

Even though it is currently included for IBD 

diagnosis, treatment response and disease 

relapse, it might also be considered as an 

alternative for CDI assessment. 

This biomarker has been tested even for 

irritable bowel syndrome and colorectal cancer 

but with lower sensitivity and specificity [13]. 

Basically, calprotectin is calcium binding 

protein derived from neutrophils cytoplasm and 

epithelial cells which provides information on 

the inflammatory status of the intestinal lumen 

[14]. 

FC was first used as a diagnosis biomarker 

by differentiating its level in CDI patients to 

other patients whom presented with bacterial 

diarrhea. 

Even though its sensibility might be high for 

CDI diagnosis, specificity proved to be rather 

low which might not promote it as a reliable tool 

for diagnosis purposes. 

On the other hand, if patients are already 

diagnosed with CDI a similar profile might be 

suggested as in IBD. 

Studies have proven its correlation with IBD 

disease activity, and this might also be a valid 

argument even for CDI. 

Thus, a more severe disease might be directly 

related to a higher value. 

However, there is no threshold to determine 

what value is necessary to differentiate from 

mild to severe disease. 

Our findings showed a major difference 

between patients whom developed severe CDI 

and the one with mild disease activity. 

Peretz et al. [15] also tried to correlate 

disease severity to FC levels and hypervirulent 

ribotype 027 strain. 

Their results proved that patients who had 

this hypervirulent strain also had higher values 
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of cFC 811.9ug/g compared to others which had 

a mean value of 331.4ug/g. 

We also found a good correlation between 

FC and Atlas score to assess disease severity. 

These may be important tools for the 

physician to differentiate from complicated 

disease and to choose the right treatment. 

A recent study highlighted that FC should not 

be used for treatment indication but as a tool for 

the physicians to make the therapeutic decision 

[16]. 

Thus, FC might extend its indications even to 

CDI severity assessment. 

Our study has several limitations. Firstly, the 

sample number of patients is rather small and we 

did not exclude patients that already started 

metronidazole or vancomycin before enrollment. 

Also, we did not provide a follow-up or 

response to treatment FC assessment as we only 

focused on disease severity. 

Conclusions 

Providing a new biomarker for CDI disease 

assessment could be essential for disease 

management. 

Our study results point out the potential that 

FC might have as a biomarker for disease 

severity. 

However, future multicentre studies and in 

larger cohort should be performed to validate the 

results. 
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