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HIGLIGHTS

•	 The outcomes of CDI were evaluated 
in 65 patients with CDI in a Brazilian 
tertiary hospital.

•	 Lack of clinical improvement after 
treatment and the severity score 
(ATLAS) increased the risk of death.

•	 The use of multiple antimicrobial 
agents was associated with longer 
hospital stays.

•	 Patients with high Charlson 
comorbidity index (>7) were more 
likely to recur.
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ABSTRACT – Background – Clostridioides difficile infection (CDI) is a po-

tentially severe disease that can present with refractoriness, recurrence, 

and evolution to death. In Brazil, the epidemiology of CDI seems to differ 

from that of the United States and most European countries, with only 

one ribotype (RT) 027-related case and a high prevalence of RT106. Ob-

jective – The aim of this study was to evaluate the outcomes of CDI and 

its possible association with ribotypes at a university hospital in Brazil. 

Methods – A total of 65 patients with CDI were included and stool sam-

ples were submitted to A/B toxin detection and toxigenic culture, and 

toxigenic isolates (n=44) were also PCR ribotyped. Results – Patients’ 

median age was 59 (20–87) years and there were 16 (24.6%) deaths. The 

median Charlson comorbidity index (CCI) was 4 (0–15) and 16.9% of the 

patients had CCI ≥8. The ATLAS score and non-improvement of diarrhea 

were related to higher mortality. A longer length of hospitalization was 

related to the enteral nutrition and use of multiple antibiotics. The pe-

riod between CDI diagnosis and hospital discharge was longer in those 

who received new antibiotics after diagnosis, multiple antibiotics, and 

required intensive care treatment. Recurrence was associated with CCI 

>7. Twenty ribotypes were identified and RT106 was the most frequently 

detected strain (43.2%). No relationship was observed between the ri-

botypes and outcomes. CDI was present in patients with more comorbid-

ities. Conclusion – Risk factors for higher mortality, longer hospital stay 

and recurrence were identified. A diversity of ribotypes was observed 

and C. difficile strains were not related to the outcomes.

Keywords – Pseudomembranous colitis; antibiotic associated diarrhea;  

ATLAS.
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INTRODUCTION

Over the last few decades, Clostridioides (Clostri-

dium) difficile infection (CDI) has been recognized 

as nosocomial pathogen of great epidemiological 

importance because it is the main bacteria causing 

diarrhea associated with antibiotic therapy, and is 

related to increasing morbidity and mortality in se-

veral countries since the 2000s(1). The most relevant 

factor for altering the epidemiological behavior of 

the disease and evolutionary profile of the infection 

is the spread of hypervirulent strains, especially the 

ribotype (RT) 027 in North America and Europe(2,3). 

However, recent epidemiological studies have found 

a reduction in the number of cases of RT027-related 

infections(4,5,6). Meanwhile, an increase in cases re-

lated to RT014/20 and RT106 has been reported in 

several countries(7).

In Brazil, there are no robust data to assess the 

behavior of CDI in a more precise way(8). Little is 

known about the severity profile of the infection, 

including complications such as the need for colec-

tomy, clinical refractoriness to treatment, recurrence, 

and mortality. Only in 2018, Pires et al. first detected 

RT027, after which, no more reports were registe-

red(9). Thus, the present study aimed to describe the 

presentation and clinical evolution of CDI and eva-

luate the possible associations between these outco-

mes and the main circulating ribotypes at a university 

hospital in Brazil.

METHODS

Patients and study design
The study was conducted at the Clinical Hospital 

of the Federal University of Minas Gerais, a 400-bed 

quaternary care hospital in Belo Horizonte, Brazil, 

between November 2011 and December 2015, and 

between November 2017 and December 2019. Sixty-

-five patients of both sexes, aged >18 years, with 

diarrhea (three or more bowel movements with un-

formed stools per day) in the previous 48 h, after 72 

h of hospitalization, were included retrospectively by 

medical records and after signing an informed con-

sent term (FIGURE 1). 

All patients were confirmed with CDI as recom-

mended by the Infectious Diseases Society of Ame-

rica (IDSA), Society for Healthcare Epidemiology of 

America (SHEA), and European Society of Clinical 

Microbiology and Infectious Diseases (ESCMID)(10,11). 

Stool samples were subjected to enzyme-linked im-

munosorbent assay (ELISA) analyses for detecting 

A/B toxins (C. difficile Tox A/B II - Techlab Inc., 

USA) and toxigenic culture protocol described pre-

viously(12). Toxigenic C. difficile strains were submit-

ted to PCR ribotyping as described by Janezic & Rup-

nik(13). The study was approved by the Institutional 

Ethics Committee of the Federal University of Minas 

Gerais (CAAE: 13552719.3.0000.5149).

Definitions
“Recurrence” was defined as a new diarrhea epi-

sode in a patient who presented with a new labo-

ratorial confirmation of CDI, or a new episode of 

diarrhea in a patient who responded to specific treat-

ment, even without laboratory confirmation, within 

2–8 weeks after laboratory-based confirmation of 

CDI index case(10,14). “Refractoriness” was defined as 

exchange of the initial treatment due to lack of clini-

cal response, as assessed by the assisting team; while 

“response to treatment” was defined as improvement 

in stool consistency and reduction in diarrheal fre-

FIGURE 1. Diagram showing the sample universe, exclusions, 
losses and final number of participants for analysis.
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quency (<3 episodes in 24 h)(15). “Death related to 

CDI” was defined as patients who died in the presen-

ce of active CDI and under treatment(10,14,15).

Demographics, clinical, and laboratory variables
We included data related to demographics (age 

and sex); clinical and laboratory variables that may 

be associated with severity, recurrence, and death; 

risk factors for infection; and variables related to 

treatment. The following clinical variables were in-

cluded: date of onset of diarrhea, date of stool col-

lection, body mass index (BMI), vital signs (mean 

arterial pressure, heart rate, and body temperature), 

date of diagnosis, reason for admission, comorbidi-

ties (diabetes mellitus, human immunodeficiency vi-

rus [HIV], inflammatory bowel disease [IBD], chronic 

kidney disease, cirrhosis, heart failure, coronary ar-

tery disease, previous stroke, and peripheral arterial 

disease), Charlson comorbidity index (CCI), organ 

transplant history, antibiotic use, classes and period 

of antibiotic use during hospitalization and in the 3 

months prior to diagnosis, length of stay in the in-

tensive care unit (ICU) and surgery during hospita-

lization, use of immunosuppressants or chemothera-

py in the previous 3 months, use of corticosteroids 

during hospitalization, use of proton pump inhibi-

tors (PPI) or histamine H2 receptor inhibitors during 

hospitalization, need for nutritional support via the 

enteral or parenteral route, date of discharge or de-

ath and cause of death, ATLAS severity score, and 

IDSA/SHEA severity criteria(10,16,17). The following la-

boratory variables were included: C-reactive protein, 

total leukocytes, serum albumin, and creatinine at 

diagnosis. The following treatment-related variables 

were included: type of treatment administered (oral 

metronidazole, oral vancomycin, oral vancomycin 

plus intravenous metronidazole, and oral metronida-

zole followed by oral vancomycin), duration and res-

ponse to treatment, duration in days for diarrhea to 

resolve, and need for a second treatment. Outcomes 

were defined as death during hospitalization, length 

of hospital stay (in patients who did not progress to 

death), recurrence, improvement of diarrhea within 5 

days and need for a second treatment due to refrac-

toriness. To reduce the interference of other factors 

related to this condition, the length of hospital stay 

was also evaluated after CDI diagnosis.

Statistical analysis
Categorical variables are presented as absolute 

and percentage values. Numerical variables were 

assessed for normality (Kolmogorov-Smirnov test) 

for data presentation. Continuous variables were 

analyzed using independent Student’s t-test or Mann-

-Whitney U test according to the data distribution. 

The chi-square test or Fisher’s exact test, when ap-

propriate, was used to compare the categorical varia-

bles. Univariate analysis was performed to determine 

the factors associated with CDI outcomes. Variables 

with P<0.2 and biological plausibility, obtained using 

univariate analysis, were included in the logistic re-

gression analysis. The adjustment of the logistic re-

gression model was verified using the Hosmer-Le-

meshow test. The Cox regression model was used 

to assess the length of hospital stay. The level of 

significance was set at 5%. The sensitivity, specificity, 

and accuracy of ATLAS scores were calculated for 

mortality. Data were analyzed using SPSS statistical 

software (version 23.0; SPSS Inc., Chicago, IL, USA).

RESULTS

The median age of the patients was 59 (20–87) 

years, and 32.3% were aged ≥65 years. The median 

length of hospital stay was 44 (10–150) days. Antibio-

tic (ATB) in the last 3 months was used in 64 (98.5%) 

patients. Only one patient did not receive antibiotic 

before CDI diagnosis, hospitalized for chemothera-

py treatment for acute leukemia. Multiple courses 

of ATB (two or more) were used in 48 (73,8%) of 

patients and 44 were receiving ATB concomitant on 

CDI diagnosis. The most used classes of antibiotics 

were carbapenems (72,3%), cephalosporins (61,5%), 

glycopeptides (53,8%) and penicilins (46,2%). The 

main reasons for using antibiotics were pneumoniae 

(21,5%) and febrile neutropenia (20%). New ATB 

after CDI diagnosis were prescribed to 27 (41.5%) 

patients. The CCI, adjusted for age, was calculated 

for each patient and presented as a median of four 

(0–15). Eleven patients had CCI ≥8. 

A total of 29 patients (44.6%) were diagnosed 

with cancer and 14 (21.5%) underwent transplan-

tation. Most malignancies are onco-hematological 

diseases (FIGURE 2). Thirty-three (50.8%) patients 

have been receiving chemotherapy or immunosup-
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pressants in the last 3 months. Hospitalizations in the 

previous three months were reported in 25 out of 56 

patients in whom this parameter could be evaluated 

(44.5%), and nutritional support was needed in 32 

(49.2%) patients. More than 60% of the patients re-

quired intensive care center support (TABLE 1). Six-

teen (24.6%) deaths occurred during hospitalization, 

of which, three (18.7%) had concomitant active CDI.

ted (FIGURE 3). Ribotypes 027 and 078 were not 

identified in the cohort. Of the seven patients who 

recurred, ribotyping was performed in four cases—

two RT106 (one after the first infection by RT106 and 

the other by 104), one RT104, and one RT012. 

FIGURE 2. Distribution of malignancies types.

TABLE 1. Patients’ profile with Clostridioides (Clostridium) difficile 
infection at a tertiary referral hospital in Brazil.

Patients’ profile n (%)

ATB in the last 3 months 64 (98.46)

Multiple courses of ATB* (two or more) 48 (73.8)

ATB concomitant on CDI* diagnosis 44 (67.7)

Hospitalization in ICU* 42 (64.6)

Chemotherapy or immunosuppressants in 
the last 3 months

33 (50.8)

Enteral nutritional support 32 (49.2)

Cancer patients 29 (44.6)

New ATB after CDI* diagnosis 27 (41.5)

Hospitalization in the last 3 months 25 (38.4)

Transplant patients 14 (21.5)

CCI* ≥8 11 (16.9)

Paralytic ileus 1 (0.01)

*ATB: antibiotic; CCI: Charlson comorbidity index; CDI: Clostridioides 
difficile infection; ICU: intensive care unit; n: number of patients.

Forty-two patients tested positive for A/B toxins 

and 59 were positive for toxigenic culture. Eight iso-

lates (12.3%) were positive for the binary-toxin-enco-

ding gene (cdtB). Forty-four isolates were ribotyped, 

and RT106 and RT014/020 were the most frequent 

strains, identified in 19 (43.2%) and 4 (9.1%) cases, 

respectively. High diversity of ribotypes were detec-

FIGURE 3. Distribution of ribotypes identified in patients with 
Clostridioides difficile infection between 2011 and 2019 at the 
Clinical Hospital of the Federal University of Minas Gerais.

Based on the IDSA/SHEA criteria, CDI was consi-

dered severe in 18 (28.1%) patients and fulminant in 

4 (6.3%) patients, of which one had paralytic ileus. 

There was no difference between the medians of age 

between the non-severe group and the severe and ful-

minant group (TABLE 2). When the ATLAS score was 

applied, the median value was 4 (0–7). The median 

ATLAS score for patients who died was five and for 

those who survived was three. The receiver operating 

characteristic (ROC) curve analysis was performed to 

assess its accuracy in relation to the outcome of dea-

th; analysis pointed to a value of 0.678 for a score ≥5 

and associated to a sensitivity and specificity of 45% 

and 81.9%, respectively. No relationship was observed 

between the clinical severity measured by the ATLAS 

classification and IDSA/SHEA score and the detection 

of A/B toxins or isolation of cdtB-positive strains.

TABLE 2. Relationship between severity by IDSA/SHEA criteria 
and age over 65 years.

Non severe Severe and 
fulminant

<65 anos 31 12* 43

≥65 anos 11 10* 21

42 22 64

*P=0.101.
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The clinical response rate to treatment was 84,6% 

(44/52). More than one-third of the sample (25 pa-

tients) received oral metronidazole, 12 (18.5%) re-

ceived oral vancomycin, 10 (15.4%) received oral 

vancomycin plus intravenous metronidazole, and 5 

(7%) received oral metronidazole followed by oral 

vancomycin. In 13 (20%) patients any antimicrobials 

were not administered for treatment and presented a 

self-limiting course after the discontinuation of the an-

timicrobial agents. Among the untreated group, two 

were not conducted as CDI due to the non-access of 

the assistant team to toxigenic culture result and the 

isolated ribotypes were three RT106, two RT014/020, 

one RT32 and one RT9. A total of 44 (84.6%) of the 

52 treated patients showed a clinical response to treat-

ment. There was no need for colectomy. 

Multivariate analysis was performed to assess 

death outcome, length of hospital stay in patients 

who survived, length of hospital stay after diagnosis 

of CDI in patients who survived, recurrence, impro-

vement of diarrhea within 5 days and need for a 

second treatment due to refractoriness. The results 

were summarized in TABLE 3. Death was related to 

the ATLAS score (P=0.021; OD: 1.76, CI: 1.08–2.86) 

and non-improvement of diarrhea (P=0.002; OD: 

1.08, CI: 1.008–1.747). The increase in hospital stay 

was related to enteral nutrition (P=0.001; OD: 1.66, 

CI: 1.36–1.82) and multiple courses of antibiotics 

(P=0.003; OD: 1.64; CI: 1.29–1.82); and, during the 

period after diagnosis, new antibiotics administered 

after diagnosis (P=0.001; OD 1.75. CI: 1.48–1.88), 

multiple courses of antibiotics (P=0.02; OD: 1.58, CI: 

1.13–1.80), and admission to the ICU (P=0.01; OD: 

1.57, CI: 1.18–1.78) were associated to lengthy of 

hospital stay. Recurrence increased in patients with 

a CCI >7 (P=0.02; OD: 24.52; CI: 1.67–360.22). No 

variable was present in the final multivariate model 

for improvement of diarrhea within 5 days and re-

fractoriness to initial treatment.

DISCUSSION

C. difficile is the most frequent cause of antibio-

tic-associated diarrhea and a nosocomial pathogen of 

great importance worldwide(1). Studies in Brazil have 

indicated that the epidemiology of the disease differs 

from that in most of the other countries, with a high 

diversity of circulating ribotypes and a marked ab-

sence of cases caused by classic epidemic ribotypes, 

including RT027 and RT078(8,18,19). However, the de-

gree of severity is not known. There are very few stu-

dies on the outcomes of CDI in Brazilian hospitals.

The clinical-epidemiological data obtained in the 

present study revealed that a majority of the patients 

were severely ill; a majority needed intensive care 

support, approximately 50% had cancer, and >40% 

were previously hospitalized. This finding corro-

borates the fact that CDI occurs more frequently in 

patients with more severe and complex comorbidi-

ties, who require longer hospital stays, and who are 

more exposed to antimicrobial agents(10,20). Previous 

studies also suggest that patients with hematological 

cancer have a high incidence of CDI, ranging from 

6% to 33%(21,22). In the present study, in the group of 

patients with cancer, 75.8% (22 patients) had hema-

tological cancers.

TABLE 3. Results of the final models of logistic regression analysis and Cox regression of the clinical outcome of patietns with Clostridioides 
(Clostridium) difficile infection at a tertiary referral hospital in Brazil.

Outcomes Variable P value Odds 
ratio

Confidence interval 
95%

Death during hospitalization
ATLAS score* 0.021 1.76 1.08–2.86

Non improvement of diarrhea 0.002 1.08 1.008–1.747

Length of hospital stay in patients who survived 
Multiple courses of ATB* 0.003 1.64 1.29–1.82

Enteral nutrition 0.001 1.66 1.36–1.82

Length of hospital stay after the diagnosis of ICD 
in patients who survived

Multiple courses of ATB 0.02 1.58 1.13–1.80

New ATB after diagnosis 0.001 1.75 1.48–1.88

Admission to ICU* 0.01 1.57 1.18–1.78

Recurrence CCI* >7 0.02 24.52 1.67–360.22

*ATLAS: severity score of C. difficile infection based on age, treatment with systemic antibiotics, temperature, total leucocyte count, serum albumin and 
serum creatinine. ATB: antibiotic; ICU: intensive care unit; CCI: Charlson’s comorbidity index.
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Interestingly, almost one-third of the patients 

were characterized as having severe colitis, accor-

ding to the IDSA/SHEA criteria, however it is impor-

tant to emphasize that these criteria do not perform 

well in patients with underlying hematological malig-

nancies or renal insufficiency, since it takes account 

total leukocytes count and creatinine level(23,24). In the 

present study, 15 (23.1%) patients had chronic kid-

ney disease and 22 (33.8%) had onco-hematological 

diseases (TABLE 4).

The number of deaths related to CDI (18.8% of 

total deaths) was also significant. CDI has been as-

sociated with increased mortality in hospitalized 

patients, particularly in the first 30 days after infec-

tion(25). A prospective study conducted in Austria 

suggested that hospitalized patients with CDI had a 

2.74-times higher risk of death during hospitalization 

than other patients, regardless of age or severity of 

comorbidities(26). Moreover, in the present study, the 

risk factors related to death were the ATLAS score 

and lack of clinical improvement in colitis (diarrhea) 

caused by C. difficile. Notably, the risk of death in-

creased by 76% for each extra point in the ATLAS 

severity score in the present study. Both variables 

(ATLAS score and lack of clinical improvement in 

colitis) are intrinsically related to the severity of CDI 

and reinforces the concept of this condition as an im-

portant hospital complication, with implications for 

patient prognosis.

The median ATLAS score of patients who died 

was five, and those who survived was three. Inte-

restingly, once the roc curve has been performed, 

the sensitivity of ATLAS with a score ≥5 for mortality 

was low (45%), but it had a specificity of 81.9%, lea-

ding to an accuracy of 0.678. A previous cohort study 

that assessed the ability of the ATLAS score to pre-

dict mortality indicated that patients with a median 6 

score had a higher mortality rate than patients with 

a median 5(16). Another prospective study suggested 

that patients with ATLAS scores between 5 and 7 had 

a higher probability of colectomy and those with 

score ≥8 had higher probability of death(27). The pre-

sent study, together with previously published litera-

ture, suggests that the ATLAS score can be a useful 

and practical tool to predict outcome in CDI. On the 

other hand, the median ATLAS score in patients was 

four, and predicted a clinical response rate of 84.6%, 

similar to 81.1% predicted in earlier study(17).

Moreover, no improvement in diarrhea was asso-

ciated with an 8% increase in mortality in the present 

study. A previous study of 207 patients treated for C. 

difficile colitis demonstrated a mortality rate of 33% 

in patients who failed to respond to therapy and 21% 

in those who were cured (P<0.05), corroborating 

with the results of the present study(28). The detection 

of A/B toxins in fecal samples was not associated 

with a negative outcome or increased occurrence of 

complications; this result is in contrast to those of 

previous studies, including that of a recent study at 

another Brazilian hospital(29,30,31).

The use of multiple antibiotic courses and the 

need for enteral nutrition increased the length of the 

hospital stay by 64% and 66%, respectively. When 

considering the length of hospital stay after the diag-

nosis of CDI, the use of new antimicrobial agents for 

other infectious foci after diagnosis of CDI, use of 

multiple antibiotic courses, and need for intensive 

care increased the length of hospital stay by 75%, 

58% and 57%. Notably, the independent variables 

associated with a longer hospital stay were events 

present in patients with more severe clinical evolu-

tion and those with more infectious complications 

due to other causes during hospitalization. The use 

of antimicrobial agents appears to be the main pre-

disposing factor for CDI; and, multiple courses of 

antibiotics during hospitalization are related to a 

longer hospital stay in these patients, that reinfor-

ces the need for rational use of antibiotics and the 

TABLE 4. Relatioship between comorbidities and severity by IDSA/SHEA criteria and mortality.

Non severity Severity and fulminant Death

CKD* 2 13 P<0.001 6 P=0.11

Cardiovascular and pulmonary disease 14 12 P=0.085 7 P=0.53

DM* 8 5 P=0.48 3 P=0.60

Mieloproliferative disease 16 5 P=0.17 6 P=0.47

*CKD: chronic kidney disease; DM: diabetes mellitus.
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importance of control and prevention of nosocomial 

infections, as suggested previously(6,32-34). A recent 

meta-analysis suggested that reducing the duration 

of antimicrobial use led to decrease in hospital stay 

by 1.12 days without increasing the mortality rates(35). 

Considering the pathophysiological rationale for the 

deleterious effects of antimicrobial agents on the in-

testinal microbiota, combined with the evidence of 

longer hospital stays and their associated complica-

tions and costs, the introduction of new antimicrobial 

agents must be accurate for this population(32,35-37).

The 84.6% (44/52) clinical response rate to treat-

ment was similar to 85% cure rate reported by a re-

cent Brazilian study(38). Interestingly, treatment with 

oral metronidazole-alone was administered in 74% of 

the cases in this study; whereas, it was administered 

in only 56.8% (25/44) of the patients in the present 

study. A total of 7 (14%) cases of recurrence were 

identified, similar to those in two previous Brazilian 

studies(29,38), and in previous studies from other coun-

tries(39,40). It is important to remember that recurrence 

is also associated with an increased mortality(41). In 

the present study, the only risk factor related to re-

currence identified through logistic regression was 

CCI >7 that failed to reflect the presence of more 

severe comorbidities and was not related to higher 

mortality in the context of CDI, as opposed to that 

identified in a previous study(42). CCI >7 increased 

the chance of recurrence by 23.52-times. In a pre-

vious study conducted at the same center, CCI >7 

was associated with a risk of CDI in patients with 

nosocomial diarrhea associated with antibiotics by 

4.74-times(43).

There were no associations between ribotypes 

and outcomes in the present study. The high fre-

quency of the ribotypes 106 and 014/020 corrobora-

tes with previous studies on humans and animals in 

Brazil and in several other countries(8,19,44,45). Appro-

ximately half of the ribotypes were characterized as 

RT106, but a great diversity of strains was observed 

in the sample, similar to that reported recently by 

Girão et al. at five Brazilian hospitals(19). This high di-

versity differs from what happens at most European 

hospitals and reinforces the importance of surveillan-

ce of C. difficile strain in the environment to better 

understand the epidemiology of CDI in Brazil. In ter-

ms of clinical severity, previous studies indicated a 

lower occurrence of severe cases and lower mortality 

in patients infected with RT106 than in those infected 

with RT027(46,47,48).

CONCLUSION

CDI was present in patients with more severe di-

seases. A lack of clinical improvement after CDI treat-

ment and the ATLAS score were related to a higher 

risk of death, and demonstrated the direct impact of 

this condition on the prognosis of patients during 

hospitalization. The need for enteral nutrition and 

the use of multiple antimicrobial agents were asso-

ciated with longer hospital stays in patients who did 

not succumb. In the analysis of the length of hospital 

stay after diagnosis of CDI, the use of a new antibio-

tic for another purpose, the use of multiple courses 

of antimicrobial agents and admission to intensive 

care were related to increase in the period of hospi-

talization. The severity of comorbidities, characteri-

zed by CCI >7, was related to higher recurrence. No 

association between ribotypes, binary-toxin positive 

strains, or presence of A/B toxins and progression to 

severe forms of infection was detected.
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