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Clostridium difficile infection (CDI) is the leading infectious cause 
of hospital-acquired diarrhea and its prevalence is the on rise, 

doubling every five years between 1996 and 2003 (1,2). In addition to 
contributing to morbidity and mortality in hospitalized patients, it 
adds significant financial burden, with estimated attributable costs of 
$436 million to $580 million in 2003 (3). The presentation of CDI is 
variable, ranging from asymptomatic to diarrhea to fulminate colitis 
with septic shock. According to updates from the Society for 
Healthcare Epidemiology of America and the Infectious Diseases 

Society of America on clinical practice guidelines on CDI in 2010 
(4), testing is recommended only for patients with diarrheal stool 
unless ileus is suspected and screening of asymptomatic patients is not 
considered to be clinically useful. In current practice, diagnosis is 
made by stool testing for C difficile toxin A and B via enzyme 
immunoassay and positive results are further confirmed by cell cyto-
toxicity assay. This approach lacks adequate sensitivity but the 
alternative culture approach is not clinically helpful in most cases due 
to prohibitive turnover time.
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ObJeCtive: To develop and validate a clinical prediction scale for 
hospital-onset Clostridium difficile infection (CDI).
MethOdS: A community-based, 360-bed hospital located in the 
suburbs of a metropolitan area in the United States served as the set-
ting for the present retrospective cohort study. The cohort consisted of 
patients admitted to the adult medical service over a six-year period 
from October 2005 to September 2011. The cohort was divided into 
derivation (October 2005 to September 2009) and validation (October 
2009 to September 2011) groups. The primary outcome measure was 
hospital-onset CDIs identified as stool positive for C difficile after 48 h 
of hospital admission ordered for new-onset unformed stool by the 
treating physician. 
ReSULtS: In the derivation phase, 35,588 patients were admitted to 
the medical service and 21,541 stayed in hospital beyond 48 h. A total 
of 266 cases of CDI were identified, 121 of which were hospital onset. 
The developed clinical prediction scale included the onset of unformed 
stool (5 points), length of hospital stay beyond seven days (4 points), 
age >65 years (3 points), long-term care facility residence (2 points), 
high-risk antibiotic use (1 point) and hypoalbuminemia (1 point).  
The scale had an area under the receiver operating curve (AUC) 
of 0.93 (95% CI 0.82 to 0.94) in predicting hospital-onset CDI, 
with a sensitivity of 0.94 (95% CI 0.88 to 0.97) and a specificity 
of 0.80 (95% CI 0.79 to 0.80) at a cut-off score of 9 on the scale. 
During the validation phase, 16,477 patients were admitted, of whom 
10,793 stayed beyond 48 h and 58 acquired CDI during hospitaliza-
tion. The predictive performance of the score was maintained in 
the validation cohort (AUC 0.95 [95% CI 0.93 to 0.96]) and the 
goodness-to-fit model demonstrated good calibration.
CONCLUSiON: The authors developed and validated a simple clini-
cal prediction scale for hospital-onset CDI. This score can be used for 
periodical evaluation of hospitalized patients for early initiation of 
contact precautions and empirical treatment once it is validated exter-
nally in a prospective manner.
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Une étude de cohorte pour la dérivation et la 
validation de l’échelle de prédiction clinique 
d’infection à Clostridium difficile d’origine 
nosocomiale

ObJeCtiF : Élaborer et valider une échelle de prédiction clinique 
d’infection à Clostridium difficile d’origine nosocomiale (ICDON).
MÉthOdOLOGie : Les chercheurs ont mené la présente étude rétro-
spective de cohorte dans un hôpital général de 360 lits situé en ban-
lieue d’une région métropolitaine des États-Unis. La cohorte était 
formée de patients hospitalisés au service médical pour adultes sur une 
période de six ans, d’octobre 2005 à septembre 2011. Ils ont divisé la 
cohorte en groupes de dérivation (octobre 2005 à septembre 2009) et 
de validation (octobre 2009 à septembre 2011). La mesure d’issue pri-
maire était une ICDON dont la coproculture était positive au C difficile 
après 48 heures d’hospitalisation, demandée par le médecin traitant en 
raison d’une nouvelle occurrence de selles non formées. 
RÉSULtAtS : Pendant la phase de dérivation, 35 588 patients ont 
été hospitalisés au service médical, et 21 541 le sont demeurés plus de 
48 heures. Au total, les chercheurs ont repéré 266 cas, dont 121 se 
sont déclenchés en milieu hospitalier. L’échelle de prédiction clinique 
élaborée incluait l’apparition de selles non formées (5 points), la durée 
de l’hospitalisation au-delà de sept jours (4 points), un âge de plus de 
65 ans (3 points), la résidence dans un établissement de soins de longue 
durée (2 points), l’utilisation d’antibiotiques à haut risque (1 point) et 
une hypoalbuminémie (1 point). L’échelle était pourvue d’une zone 
sous la courbe de fonction d’efficacité du récepteur (ROC) de 0,93 (95 % 
IC 0,82 à 0,94) pour prédire l’ICDON, d’une sensibilité de 0,94 (95 % 
IC 0,88 à 0,97) et d’une spécificité de 0,80 (95 % IC 0,79 à 0,80) à un indice 
seuil de 9 sur l’échelle. Pendant la phase de validation, 16 477 patients ont 
été hospitalisés, dont 10 793 le sont demeurés plus de 48 heures et 
58 ont contracté une ICDON pendant l’hospitalisation. La perfor-
mance prédictive de l’échelle s’est maintenue dans la cohorte de vali-
dation (ROC 0,95 [95 % IC 0,93 à 0,96]) et la qualité de l’ajustement 
a démontré une bonne calibration.
CONCLUSiON : Les auteurs ont élaboré et validé une échelle de 
prédiction clinique simple en cas d’ICDON. Cette échelle peut être 
utilisée pour l’évaluation périodique des patients hospitalisés en vue 
d’amorcer rapidement les précautions de contact et le traitement 
empirique après avoir été validée de manière prospective à l’externe.
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Initial management of suspected bacterial causes for diarrheal ill-
ness include the use of empirical antibiotics with relatively broad 
spectrum for Gram-negative bacteria and anaerobic bacteria coverage, 
which can further worsen the situation in CDI. Hence, a clinical risk 
index for CDI would be of great value in prevention and early admin-
istration of anti-Clostridia antibiotics for a favourable outcome. 

In the past, multiple attempts were made to establish a clinical 
prediction scale, but they either lacked good discrimination power, or 
did not perform well on internal or external validation (5-7). Presently, 
multiple risk factors have been identified but no clinical prediction 
scale has been created that can be used widely. To fill this gap, our 
study aimed to develop and validate a clinical prediction scale for 
hospital-onset CDI.

MethOdS
Study design and settings
The present retrospective cohort study was conducted in a 360-bed 
community-based, not-for-profit hospital. The study protocol was 
approved by the institutional review board.

Subjects
All adult (>18 years of age) patients discharged from the medical ser-
vice, including the medical intensive care unit, from October 2005 to 
September 2011 were included in the present study. Patients who were 
admitted <48 h or diagnosed to have CDI within the previous three 
months were also excluded to avoid possible bias from relapse or inad-
equate treatment of a recent infection.

Outcome measure
The primary outcome measure was hospital-onset CDI, which was 
defined as C difficile toxin-positive stool in cases of unformed stool 
after 48 h of hospital admission. Stool testing is performed on a routine 
basis using enzyme-immune assay at the Greater Baltimore Medical 
Center (Maryland, USA). Patients who tested positive within 48 h of 
hospital admission were assumed to have community-onset CDI. 

data collection
Data collection was performed with the help of the medical informa-
tion technology department. Data points collected include, but were 
not limited to, patient demographics (age, sex, living facility, etc), hos-
pital admission, course and discharge details, laboratory values, medi-
cations used, discharge diagnosis based on International Classification 
of Diseases, Ninth Revision (ICD9-CM) code. Data were compiled 
using Access 2007 (Microsoft Corporation, USA). To test the accuracy 
of the data collection, the electronic medical records of 200 random 

patients were reviewed by two independent physician researchers. Data 
collection by the physician researchers was performed using Excel 2007 
(Microsoft Corporation, USA). Physician researchers collected two ran-
dom components of the developed risk score. Interobserver agreement 
was calculated between two physician researchers and data were popu-
lated with the assistance of the information technology department.

data analysis
The data collected using Access and Excel were imported into JMP 
(SAS Inc, USA) for analysis. The final data set was divided into two 
parts: the derivation cohort, which consisted of patients admitted dur-
ing October 2005 through September 2009; and the validation cohort, 
which consisted of patients admitted during October 2009 through 
September 2011. Categorical variables are presented with median and 
interquartile range, and continuous variables as mean and SD. 
Univariate analysis for CDI was performed using the appropriate test 
based on distribution (parametric versus nonparametric) and type of 
variable (nominal, ordinal or continuous). The following variables 
were used to assess for possible association with CDI on univariate 
analysis: age, sex, living facility, high-risk antibiotics use, proton pump 
inhibitor use, new-onset unformed stool, hypoalbuminemia, mechan-
ical ventilation, chemotherapy use and hospital length of stay. 
Individual antibiotic categories that were significantly associated with 
hospital-onset CDI on univariate analyisis were combined and defined 
as high-risk antibiotics. Variables with significant association on uni-
variate analysis were entered into a stepwise logistic regression model. 
In the forward stepwise logistic regression model, the P value threshold 
to enter in the model was set at 0.25, and at 0.1 to exclude from the 
model. Variables entered into the model were given a score based on 
ORs to calculate a simple and easy clinical prediction scale. 
Discrimination performance of risk index was assessed using area under 
the receiver operating curve (AUC) and the optimum cut-off point 
was chosen for optimal sensitivity and specificity. The Hosmer-
Lemeshow goodness-of-fit statistic was used to test the calibration.

ReSULtS
Over the six-year period, a total of 52,068 patients were admitted to 
the medical service. Of these, 2.0% expired in the hospital, 5.2% were 
transferred to other acute care hospitals, 0.65% left against medical 
advice, and 21.7% were discharged to an assisted-living facility, nurs-
ing home or skilled nursing care. Figure 1 illustrates the flow of the 
subject selection process.

derivation of clinical prediction scale
The derivation cohort included all patients admitted to the adult med-
ical service over a period of four years, from October 2005 to 
September 2009. In the derivation phase, 35,588 patients were admit-
ted to medical service and 21,541 stayed in hospital >48 h. A total of 
266 cases of CDI were identified; of these, 121 were hospital onset and 
the rest were community onset. Demographic and clinical characteris-
tics are summarized in Table 1.

On univariate analysis, penicillins, cephalosporins and quinolones 
were significantly associated with hospital-onset CDI. These antibiot-
ics were considered high-risk antibiotics in the present study. Increasing 
age and hospital length of stay were associated with increased hospital-
onset CDI rate. A receiver operating curve (ROC) was constructed to 
define optimal cut-off age and hospital length of stay with optimum 
combination of sensitivity and specificity. Age >65 years and hospital 
length of stay >7 days were defined as cut-off points. Table 2 presents 
other factors positively associated with hospital-onset CDI on univari-
ate analysis.

In the forward stepwise logistic regression model, new-onset 
unformed stool (ie, diarrhea), high-risk antibiotic use, hypoalbumi-
nemia, long-term care facility residence, age >65 years and hospital 
length of stay >7 days were included based on set P value for inclusion 
into the model. Each variable was allotted points based on ORs to 
develop the scale (Table 3). An increase in score on the scale 

Figure 1) Flow of subject selection for both the derivation and validation 
cohorts. CDI Clostridium difficile infection
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corresponded to a significantly increased risk of hospital-onset CDI 
(P<0.0001 [Cochran-Armitage test]). The developed scale had excel-
lent performance in predicting hospital-onset CDI: AUC 0.93 (95% 
CI 0.92 to 0.95) (Figure 2, panel A). At a cut-off score of 9, the scale 
had a specificity of 0.67 (0.66 to 0.67), with a sensitivity of 0.96 (0.90 to 
0.98) and missed seven cases (Table 4).

Two physician researchers manually collected data regarding the 
use of high-risk antibiotics and hypoalbuminemia for 200 randomly 
selected patients from the derivation cohort. The two reviewers had 
excellent interobserver agreement, with kappas of 0.81 and 0.86. The 
final extraction after resolving disagreements had excellent agreement 
with data pooled by medical informatics (kappa of 0.96 for both high-
risk antibiotics use and hypoalbuminemia), which attested to the valid-
ity of the pooled data according to the medical informatics department.  

validation of clinical prediction scale
During the validation phase, 16,477 patients were admitted; of these, 
10,793 stayed >48 h and 58 acquired CDI during hospitalization. The 
population was similar in major demographic characteristics (Table 1). 
The scale maintained excellent discrimination power, AUC 0.95 (95% 
CI 0.93 to 0.96) (Figure 2, panel B), with a sensitivity and specificity 
of 0.97 (95% CI 0.87 to 0.99) and 0.83 (95% CI 0.81 to 0.83), respect-
ively. The scale had excellent calibration on the Hosmer-Lemeshow 
goodness-of-fit test (χ2= 3.6; P=0.308).

diSCUSSiON
Summary of findings
In our study, we developed and validated a clinical prediction scale for 
hospital-onset CDI risk from a retrospective cohort of consecutive 
patients discharged from the medical service of a suburban community 
hospital. The risk index had an excellent predictive performance that 
was maintained in the validation cohort with good calibration. The risk 
index includes major risk factors identified previously and was developed 
using logistic regression and a stepwise forward selection model.

Once these finding are validated in a prospective manner, the scale 
could have major clinical implications. The patients scoring ≥9 on this 
scale were at high risk of acquiring CDI during their hospital stay and 
should be considered for contact isolation at least, if not treatment. 
Clinical practice guidelines for the management of CDI updated in 
2010 contained level III recommendations to treat all patients with 

Figure 2) Receiver operating characteristic curve to predict hospital-onset 
Clostridium difficile infection. Panel A Derivation cohort area under the 
curve (AUC) 0.93 (95% CI 0.92 to 0.94). Panel b Validation cohort 
AUC 0.95 (95% CI 0.93 to 0.96)

Table 1
Clinical and demographic characteristics of the derivation 
and validation cohorts who stayed in medical service >48 h 

Variable

Cohort
Derivation 
(n=21,541)

Validation 
(n=10,793)

Age, years, mean ± SD 68.8±17.9 68.9±17.9

Male sex 8960 (41.6) 4433 (41.1)

Long-term care facility residence 1404 (6.5) 424 (3.9)

Proton pump inhibitor use 17,972 (83.4) 8154 (75.5)

High-risk antimicrobial use* 13,664 (62.5) 6641 (61.5)

Hypoalbuminemia (<30 g/L) 6367 (29.6) 3238 (30.0)

Mechanical ventilation use 917 (4.3) 498 (4.6)

Stool for C difficile toxin ordered 4342 (20.2) 1995 (18.5)

C difficile infection 266 (1.24) 121 (1.11)

   Hospital onset 121 (0.56) 58 (0.53)

   Community onset 145 (0.67) 63 (0.58)

Inpatient deaths 493 (2.4) 187 (1.74)

Discharged to hospice care 1105 (5.1) 696 (6.5)

Data presented as n (%) unless otherwise indicated. *High-risk antibiotics: 
cephalosporins, penicillins and quinolones. C difficile Clostridium difficile

Table 2
Variable significantly associated with hospital-onset 
Clostridium difficile infection on univariate analysis
Variable χ2 P
New-onset unformed stool 482.0 <0.0001
Hospital length of stay >7 days 144.0 <0.0001
Mechanical ventilation 45.0 <0.0001
Hypoalbuminemia 96.8 <0.0001
High-risk antibiotics use 26.6 <0.0001
Age >65 years 20.5 <0.0001
Long-term care facility resident 20.0 <0.0001
Proton pump inhibitor use 0.99 0.3209
Sex 0.746 0.388
Antineoplastic medication use 0.053 0.818

Table 3
Clinical prediction scale
Variable Score 
New-onset unformed stool 5 
Hospital length of stay >7 days 4 
Age >65 years 3 
Long-term care facility resident 2 
High-risk antibiotics use 1 
Hypoalbuminemia (<30 g/L) 1 

Table 4
Potential decision thresholds to intervene and 
corresponding performance

Scale Specificity Sensitivity
True, n False, n

Positive Negative Positive Negative
16 0.99 0.11 13 21,299 121 108
15 0.99 0.11 13 21,268 152 108
14 0.95 0.50 60 20,420 1000 61
13 0.93 0.66 80 19,981 1439 41
12 0.93 0.70 85 19,850 1570 36
11 0.90 0.77 93 19,253 2167 28
10 0.87 0.87 105 18,642 2778 16
9 0.80 0.94 114 17,087 4333 7
8 0.73 0.96 116 15,583 5837 5
7 0.69 0.98 118 14,828 6592 3
6 0.64 0.99 120 13,643 7777 1
5 0.55 1.00 121 11,730 9690 0
4 0.38 1.00 121 8082 13,338 0
3 0.24 1.00 121 5035 16,385 0
2 0.21 1.00 121 4472 16,948 0
1 0.10 1.00 121 2226 19,194 0

Bolded values indicate cut-off value

a b
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clinical suspicion of CDI while awaiting stool testing results (4). Based 
on these recommendations, any patient in whom stool testing for C dif-
ficile is ordered should be treated. In our derivation cohort, stool testing 
for C difficile toxin was requested in slightly more than 4000 patients 
(Table 5). Of these, more than 1000 patients scored <9 on the scale 
and none tested positive. Therefore, use of the scale could have safely 
avoided unnecessary treatment of 25% of the patients. On the other 
hand, slightly more than 1000 patients were not tested for C difficile but 
scored ≥9 on this scale. Twenty per cent of these patients either died in 
hospital or were transferred to hospice care. Hence, an assumption that 
some of these patients were undiagnosed cases of CDI is reasonable.

Empirical treatment based on this scale would lead to treating 
approximately 40 patients for one true hospital-onset CDI. This 
approach appears to be cost effective because oral metronidazole is 
fairly inexpensive, whereas attributable costs for CDI-related hospital-
ization is more than $7,000 per patient (3). Additionally, early institu-
tion of therapy can potentially decrease CDI-associated morbidity and 
mortality, and may decrease miss rates secondary to the suboptimal 
sensitivity of the current enzyme immunoassay for C difficile toxin. If a 
treatment decision based on this scale is made at a higher cut-off value, 
the number needed to treat falls accordingly, approximately 26 for 10, 
19 for 12, etc.

Comparison with the existing literature
In efforts to develop a clinical prediction scale for hospital-onset CDI, 
in 1996, Katz et al (7) developed a simple index from a retrospective 
cohort of 480 consecutive patients that included the use of antibiotics 
and new-onset diarrhea. This scale did not have adequate discrimina-
tion (AUC 0.69), which fell further on prospective validations (AUC 
0.64) (6,7). Simultaneously, Cooper et al (5) developed a predictive 
model based on 271 patients for whom stool testing for C difficile toxin 
was ordered for diarrhea and 81 tested positive (5). The model 
included readmission within two weeks of previous hospitalization, 
leukocytosis (white blood cell count ≥10×109/L) and the presence of 
fecal leukocytes. This model had very few positive outcomes in the 
validation cohort and has never been prospectively validated. 
Hornbuckle et al (8) developed another model that included the use 

of low-intensity chemotherapy, lack of parenteral vancomycin and 
previous hospitalization from 29 CDI cases admitted to an oncology 
unit. Including lack of treatment in its predictive model makes it less 
impressive and it also had very few patients. In Israel, a significant 
effort by Peled et al (9) studied 217 hospitalized patients with diarrhea 
and a history of antibiotic use and had 52 positive outcomes. The 
predictive model included six variables and had excellent discrimina-
tion power (AUC 0.90). The model included only high-risk patients 
and had not been internally validated. Garey et al (10) developed 
another score from a cohort of more than 50,000 patients, which is 
simple to calculate with moderate discrimination power but failed on 
external validation (10,11). 

When compared with earlier developed scales, our clinical predic-
tion scale was developed from a fairly large cohort of an unselected 
patient population and has better discrimination, which was main-
tained in the validation cohort and calculation still appeared to be 
simple.

Strengths, limitations and future directions
Our clinical prediction scale was derived and validated from a fairly 
large cohort of patients from a community hospital, which is a closer 
representation of the majority of hospitals in the United States. This 
increases the external validity of our results. We followed rigorous 
methodological standards for developing clinical decision rules (12). 
All of the variables included in this clinical prediction scale are readily 
available in all hospitalized patients without need for additional test-
ing. The ease in calculation of this clinical prediction scale should 
overcome one of the barriers to using a scoring system with complex 
computing such as the acute physiological and chronic health evalua-
tion system (ie, APACHE) (13). 

One of the major limitations of the present study was its retrospect-
ive design. Hence, bias from faulty documentation was unavoidable. 
This clinical prediction scale was developed from a cohort of adult 
patients discharged from the medical service and could not be used on 
the surgical service unless validated in surgical patients. Furthermore, 
all of the subjects in the present study were from a single centre.

CONCLUSiON
We reported a clinical prediction scale that had excellent dis-
crimination in predicting hospital-onset CDI. It is an easy to calcu-
late, six-variable scale, with these variables readily available in 
most hospitalized patients. Once the scale is prospectively validated 
in different settings, it could have significant implication in man-
agement of hospital-onset CDI in terms of early institution of con-
tact precautions for infection control and empirical treatment, and 
avoidance of unnecessary treatment in a significant proportion of 
hospitalized patients.
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