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Abstract

Objective: To determine whether the Society for Healthcare Epidemiology of America (SHEA) and the Infectious Diseases Society of America
(IDSA) Clostridioides difficile infection (CDI) severity criteria adequately predicts poor outcomes.

Design: Retrospective validation study.
Setting and participants: Patients with CDI in the Veterans’ Affairs Health System from January 1, 2006, to December 31, 2016.

Methods: For the 2010 criteria, patients with leukocytosis or a serum creatinine (SCr) value >1.5 times the baseline were classified as severe.
For the 2018 criteria, patients with leukocytosis or a SCr value >1.5 mg/dL were classified as severe. Poor outcomes were defined as hospital or
intensive care admission within 7 days of diagnosis, colectomy within 14 days, or 30-day all-cause mortality; they were modeled as a function
of the 2010 and 2018 criteria separately using logistic regression.

Results: We analyzed data from 86,112 episodes of CDI. Severity was unclassifiable in a large proportion of episodes diagnosed in subacute care
(2010, 58.8%; 2018, 49.2%). Sensitivity ranged from 0.48 for subacute care using 2010 criteria to 0.73 for acute care using 2018 criteria. Areas
under the curve were poor and similar (0.60 for subacute care and 0.57 for acute care) for both versions, but negative predictive values were
>0.80.

Conclusions: Model performances across care settings and criteria versions were generally poor but had reasonably high negative predictive
value. Many patients in the subacute-care setting, an increasing fraction of CDI cases, could not be classified. More work is needed to develop
criteria to identify patients at risk of poor outcomes.

(Received 19 September 2019; accepted 2 January 2020; electronically published 30 January 2020)

Background and rapid spread of the hypervirulent, fluoroquinolone-resistant
BI/NAP1/027 strain.>~®

The observed increases in disease severity are troubling given
that CDIs cause physical exhaustion, social isolation, severe emo-
tional distress,” and decreased quality of life and productivity'®
among patients. They also place a substantial burden on the health-
care system.!! One potential approach to mitigating the impact of
more severe infections is to use clinical prediction rules to identify
patients at highest risk of poor CDI outcomes and intervene. When
carefully designed and evaluated, clinical prediction rules can be
useful for guiding management decisions, targeting more intensive
interventions to patients most likely to benefit from them and
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Clostridioides difficile infection (CDI) is an important contributor
to the overall burden of healthcare-associated infections,” causing
an estimated half million infections and 30,000 deaths in the
United States annually.>* Patients with CDI demonstrate symp-
toms across the spectrum of clinical severity ranging from
relatively mild and self-limiting diarrhea to intestinal perforation,
sepsis, and death. Reports indicate that CDI incidence and indica-
tors of disease severity, including ICU admission and death,
increased between 2001 and 2012, likely related to the emergence
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clinical practice guidelines proposed!® defining severe CDI as
leukocytosis or an increase in serum creatinine (SCr) value over
patient baseline levels. In the 2018 guidelines,' the severity criteria
were updated, changing the definition of renal dysfunction from a
relative increase of 50% over baseline to an absolute SCr value
>1.5 mg/dL. However, the proposed criteria are based on expert
opinion, and guideline authors emphasized the need to validate
these or other criteria.'* Although the lack of validation of
SHEA/IDSA criteria is widely recognized, its applicability across
healthcare settings has received relatively little attention. In recent
years, CDI cases are increasingly diagnosed in the outpatient set-
ting among younger patients with fewer healthcare exposures.!>!¢
Severity scoring rules that rely on laboratory values may be less
useful in this growing segment of CDI cases. To address these gaps,
we sought to evaluate the utility of the 2010 and 2018 versions
of the SHEA/IDSA CDI severity criteria to predict poor outcomes
in outpatient, acute-care and long-term care settings in a large,
multicenter cohort of patients with CDL

Methods
Study design and participants

We conducted a retrospective cohort study of inpatients,
outpatients, and long-term care residents with CDI in the US
Department of Veterans’ Affairs (VA) Health System from
January 1, 2006, to December 31, 2016. We defined CDI as the
presence of C. difficile toxin or toxin genes from a stool sample.
Patients were included the first time they had a positive test during
the study period. This study was reviewed and approved by the
University of Utah Institutional Review Board and the Research
and Development Committee at the VA Salt Lake City Health
Care System.

Study data

Information on patient and CDI episode characteristics was
extracted from the VA’s corporate data warehouse and was
accessed using the VA informatics and computing infrastructure.
Acute-care and long-term care visits were extracted from inpatient
files. Laboratory values were extracted from the laboratory chem-
istry package.

The CDI episodes were classified according to surveillance
criteria from the Centers for Disease Control and Prevention.'*!”
A CDI incident was defined as a positive test with no history of a
positive test in the previous 56 days. Recurrent CDI was defined
as CDI in a patient with a positive test in the previous 15-56 days.
Duplicate episodes were positive tests with another positive test in
the prior 14 days and were excluded from the analysis. Episodes were
also defined according to the location of diagnosis. Tests performed
in along-term care facility or outpatient clinic were grouped together
as subacute care. Tests performed in the emergency department, on a
medical or surgical ward, or in the intensive care unit (ICU) were
defined as acute care.

Severity definition

Severity was defined according to the 2010 and 2018 SHEA/IDSA
criteria. For the 2010 definition, a CDI episode was classified as
severe if the patient experienced either (1) leukocytosis, defined
as the maximum white blood cell (WBC) count >15,000 cells/pL
or (2) a maximum SCr value >1.5 times the baseline level.!®
For the 2018 criteria, CDI episodes were considered severe if the
patient had either (1) leukocytosis as previously defined, or (2) a
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maximum SCr value >1.5 mg/dL.!* Maximum WBC and SCr data
were recorded within the 3 days prior to diagnosis. Baseline SCr
was calculated as the average of SCr values from the 4-90 days prior
to diagnosis.!® Patients lacking sufficient laboratory data were
considered unclassifiable and were not included in the primary
analysis. Severe complicated (or fulminant) CDI was not considered
as a distinct severity category.

Outcome definitions

Patients were followed from the time of diagnosis for poor out-
comes. Poor outcome was defined as a binary composite outcome
if any of the following events occurred: (1) hospital admission for
outpatients and long-term care residents within 7 days of diagnosis,
(2) ICU admission within 7 days, (3) colectomy within 14 days, or
(4) 30-day all-cause mortality.!*%!

Statistical analysis

Logistic regression was used to model poor outcome separately
as a function of severe disease (yes/no) as defined by the 2010
and 2018 severity criteria. Overall model performance was evalu-
ated using Brier scores and Nagelkerke’s R% Brier scores range
from 0 for a perfect model to 0.25 for a completely uninformative
model (assuming an outcome incidence of 50%). The maximum
Brier score decreases as the incidence of the outcome decreases.
Nagelkerke’s R* measures the percentage of variation in the out-
come that can be explained by the predictors (in this case, severity
classifications).?? Discrimination, or the probability of correctly
predicting poor outcome in a randomly chosen pair of patients
on the basis of the severity criteria, was measured by the area under
the receiver operating characteristics (ROC) curve (AUC).
Calibration, or the agreement between observed and expected
cases, is usually measured across the range of patient risk. Due
to the dichotomous nature of the severity scores, patients in this
study fall into 1 of 2 risk categories (ie, high or low) rather than
across a spectrum; therefore, we did not measure calibration or cal-
culate Hosmer-Lemeshow goodness-of-fit statistics. Sensitivity,
specificity, and positive and negative predictive values (PPV and
NPV, respectively) and 95% confidence intervals (Cls) were also
calculated. Categorized predictors are well known to degrade
predictive performance.’*** We tested whether including WBC
and SCr as continuous values (2010: maximum WBC and relative
SCr change from baseline; 2018: maximum WBC and maximum
SCr) would improve model performance characteristics. A second
sensitivity analysis was conducted assuming that all missing
values fell within normal ranges due to the higher frequency
of missing values and lower overall acuity of patients diagnosed
in the subacute-care setting, which may bias results. Finally,
we evaluated the performance of the scores among the subset of
C. difficile-positive patients who also received treatment with metro-
nidazole, oral vancomycin, or fidaxomicin to ensure that included
patients were considered by the treating clinician to have clinically
relevant CDI. All analyses were stratified by the setting of diagnosis
(subacute care vs acute care). Statistical analyses were performed
in R Studio (R Foundation for Statistical Computing, Vienna,
Austria). Model performance characteristics were estimated using
the predictABEL package®® Sample R code is included in the
Supplementary Material online.

Results

Between January 1, 2006, and December 31, 2016, our search iden-
tified 86,112 episodes of CDI met eligibility criteria for inclusion in
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Table 1. Characteristics of Patients Diagnosed With CDI by Location of Diagnosis
in the US Department of Veterans’ Affairs, 2006-2016

Vanessa W. Stevens et al

Table 2. Missingness of Data Elements to Determine Severity According to the
2010 and 2018 SHEA/IDSA Severity Criteria for Patients Diagnosed in Subacute
and Acute Care

Subacute Care  Acute Care
Characteristic No. (%) No. (%) 2010 Criteria 2018 Criteria
Patients 33,825 (39.3) 52,287 (60.7) Subacute Acute Subacute Acute
Episode type Variable No. (%) No. (%) No. (%) No. (%)
Primary incident 33,725 (99.7) 52,231 (99.9) No missing 13,052 (38.6) 43,168 (82.6) 15,537 (45.9) 48,439 (92.6)
Recurrent 100 (0.3) 56 (0.1) Any missing 20,773 (61.4) 9,119 (17.4) 18,288 (54.1) 3,848 (7.4)
Location of CDI diagnosis WBC only 4,787 (14.2) 2,104 (4.0) 5,518 (16.3) 2,523 (4.8)
Medical/Surgical ward 0 (0.0) 33,431 (63.9) SCr only 3,406 (10.1) 5,553 (10.6) 921 (2.7) 282 (0.5)
Intensive care unit 0 (0.0) 9,634 (18.4) Both 12,580 (37.2) 1462 (2.8) 11,849 (35.0) 1,043 (2.0)
Emergency department 0 (0.0) 9,222 (17.6) Note. WBC, white blood cell count; SCr, serum creatinine value.
Long-term care facility 8,380 (24.8) 0 (0.0)
Outpatient clinic 25,445 (75.2) 0 (0.0)
Age at diagnosis, median y (IQR) 67.0 (19.0) 68.0 (18.0) missing values by location of diagnosis, laboratory component, and
Maximum WBC, median 1,000 9.4 (6.5) 11.9 (9.0) criteria is provided in Table 2, and more detail is available in
cells/pL (IQR) Supplementary Table 1 (online). The records of approximately
Avg. baseline SCr, median mg/dL (IQR) 1.06 (0.55) 1.14 (0.76) 61.% ‘of subacute—care patients an.d 17% ofacute—care patients were
Max SO medi e Pp— P missing either the WBC or SCr information needed to determine
ax SCr, median mg/dL (1QR) 10 (0.70) 30 (080 severity using the 2010 criteria. The proportions missing decreased
Severity classification to 54% and 7% using the 2018 criteria. Figure 1 shows the distri-
Severity by 2010 criteria bution of severity determination based on the 2010 and 2018
Mild/Moderate 9304 (278) 23814 (455) cr1t§r1a by locatlon.of dlagq051s. Most cases in the outpatient
setting were unclassifiable, with few severe episodes. In contrast,
Severe A GER) AR RO cases in the ICU were mostly classified as severe, with very few
Unclassifiable 19,904 (58.8) 7,257 (13.9) unclassifiable cases.
Severity by 2018 criteria Table 3 shows a direct comparison of the performance charac-
istics f h criteri locati 1 losisti )
Mild/Moderate 0,046 (26.7) 19575 (374) teristics for both criteria by location based o ogistic regression
modeling. Overall model performance among classifiable cases
SEveE 8,146 (24.1) 29,733 (56.9) was generally poor. Brier scores for the 2010 and 2018 criteria were
Unclassifiable 16,633 (49.2) 2,975 (5.7) near 0.15 for subacute care and 0.18 for acute care. Nagelkerke’s R?
Outcomes indicated that only 3%-4% of variance in the outcome could be
— explained by either severity definition regardless of location. The
Admission to acute care 3,011 (8.9) 4,151 (7.9) . .
AUCs were poor and similar (for both versions: subacute care,
Admission to ICU 820 (2.4) 3,195 (6.1) 0.60; acute care, 0.57), and the ROC curves for each criteria by loca-
Colectomy 78 (0.2) 347 (0.7) tion are shown in Figure 2. The 2018 severity criteria had a higher
30-day all-cause mortality 2,048 (6.1) 7301 (14.0) sensitivity than the 2010 criteria in both the subacute- and acute-
care settings. NPVs were similar for both scores across settings
Composite poor outcome 4,882 (14.4) 12,859 (24.6)

Note. CDI, Clostridioides difficile infection; WBC, white blood cell count; IQR, interquartile
range; SCr, serum creatinine value; ICU, intensive care unit.

the analysis. Patient and CDI episode characteristics by location of
diagnosis are shown in Table 1. Patients were a median (inter-
quartile range [IQR], 67.0 (19.0) and 68.0 (18.0) years old in the
subacute- and acute-care settings, respectively. Nearly all included
episodes (>99.0%) were classified as incident, and most (60.7%)
were diagnosed in the acute-care setting. Overall, 17,741 patients
(20.8%) experienced poor outcomes; the most common of these
were 30-day all-cause mortality (10.9%) and admission to acute
care for those not hospitalized at diagnosis (8.3%). Poor outcomes
were more common among patients diagnosed in the acute-care
setting.

According to the 2010 and 2018 criteria, 25,743 (29.9%) and
37,879 (44.0%) episodes were classified as severe, respectively.
For both the 2010 and 2018 criteria, more episodes were
unclassifiable in the subacute-care group than the acute-care group
(2010: 58.8% vs 13.9%; 2018: 49.2% vs 5.7%, respectively). A list of
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(0.80-0.86). Including WBC and SCr measurements as continuous
values resulted in slightly improved AUCs (0.59-0.62) but similar
overall model performance measures. Treating missing values as
normal and restricting the analysis to treated episodes generated
similar results (Supplementary Tables 2-4 and Supplementary
Figs. 1-3 online).

Discussion

Improving outcomes for patients who develop CDI depends on our
ability to accurately identify those at greatest risk of poor outcomes.
In an era of increasingly complex medical decision making and
substantial cognitive overload, clinical prediction rules are an
attractive way to facilitate treatment decision making and reduce
cognitive burden. However, developing, validating, and promoting
widespread uptake of these rules is a challenging process. Patients
with CDI exhibit a broad range of symptoms and subsequent
outcomes. Although distinguishing between mild-to-moderate
and severe CDI is no longer recommended for initial treatment
choice, the role of metronidazole in CDI treatment is still
being discussed,?®*” and research into its optimal use continues.?®
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Table 3. Performance Characteristics of the 2010 and 2018 Severity Scores by Location of Diagnosis Based on Logistic Regression Modeling Among Classifiable Cases

Brier score

0.1570

0.1841

0.1576

513

0.1842

Nagelkerke R?

0.0444

0.0237

0.0408

0.0235

AUC (95% Cl)

0.60 (0.59-0.61)

0.57 (0.57-0.58)

0.60 (0.59-0.61)

0.57 (0.57-0.59)

Sensitivity (95% Cl)

0.48 (0.46-0.50)

0.58 (0.57-0.59)

0.64 (0.62-0.66)

0.73 (0.72-0.74)

Specificity (95% Cl)

0.72 (0.71-0.73)

0.57 (0.56-0.57)

0.56 (0.55-0.57)

0.41 (0.40-0.42)

Diagnostic accuracy (95% Cl)

0.67 (0.66-0.68

0.58 (0.57-0.59)

0.49 (0.49-0.49)

PPV (95% Cl)

0.30 (0.29-0.32

0.31 (0.30-0.31)

0.27 (0.26-0.28)

0.29 (0.29-0.30)

NPV (95% Cl)

0.80 (0.80-0.81)

0.82 (0.81-0.83)

OR (95% Cl), severe vs not

)
)
0.84 (0.84-0.85)
2.38 (2.19-2.59)

(
(
(
0.57 (0.56-0.57)
(
(
(

1.80 (1.73-1.88)

(
(
0.86 (0.85-0.87)
2.27 (2.08-2.47)

1.87 (1.79-1.96)

Note. AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; OR, odds ratio.
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Fig. 1. Distribution of severity determination based on the 2010 and 2018 criteria by location of diagnosis.
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Fig. 2. Receiver-operating characteristics curve for the 2010 and 2018 SHEA/IDSA severity criteria for patients with Clostridioides difficile diagnosed in the subacute
(panel A) and acute care (panel B) settings in the US Department of Veterans’ Affairs Health System, 2006-2016.
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Given the frequency and severity of possible CDI outcomes,
identifying patients most likely to require more intensive manage-
ment remains an important goal.

Despite the plethora of predictive models, ranging from simple
criteria based on expert opinion to complex algorithms derived
from machine learning methods,*=*” no single severity definition
has gained widespread acceptance for the management of CDI.
Furthermore, there is currently no clear consensus on whether a
clinical prediction rule should focus on measuring the inflamma-
tory process or on identifying those factors that might predict
which patients will not respond to standard therapy so that adjust-
ments to the management approach can be made. Existing severity
scores have been based on a mix of inflammatory and other factors
including age, comorbidities, serum biomarkers, treatment with
systemic antibiotics, leukocyte count, and albumin and SCr as a
measure of renal function. The SHEA/IDSA criteria, which suggest
the use of leukocytosis and decreased renal function as markers
of disease severity, are arguably the most visible criteria, but to
date they have not been rigorously and broadly validated across
multiple healthcare settings.

Earlier studies of the SHEA/IDSA criteria did not perform for-
mal validation.*®** More recently, both versions of the SHEA/
IDSA criteria were validated for the prediction of 30-day mortality
in a tertiary-care facility in China among a small number of
CDI patients (n=401) with AUCs between 0.60 and 0.65.° We
similarly observed that both criteria exhibited poor discrimination
(ie, AUCs near 0.60) and low positive predictive values (ie, PPVs
near 0.30) in both the acute-care and subacute-care settings.
Overall model metrics provide further evidence of suboptimal per-
formance. Nagelkerke’s R? values indicate that <5% of the variance
in poor outcomes can be explained by severity classifications.
Including WBC and SCr parameters as continuous variables rather
than dichotomous indicators did not appreciably improve model
performance, suggesting the need to consider other factors in
determining which patients are at greatest risk for being admitted
to the hospital or ICU, needing a colectomy, or death.

Despite the imprecision of the SHEA/IDSA criteria for measur-
ing severity to predict poor outcomes, studies suggest that failing to
stratify patients according to the 2010 guidelines resulted in worse
outcomes for patients, although the exact reasons for better outcomes
in guideline-concordant therapy are unclear.*** Although clinical
prediction rules are generally classified as poor performers when
the C-statistic (or AUC) is <0.60 and as excellent performers when
the C-statistic is >0.95, no theoretical foundations support the use of
these cutoffs across all medical domains.* If the C-statistic is >0.5,
then the model performs better than chance alone at predicting the
outcome. When treatment decisions are made based on an imperfect
but still better than chance clinical prediction rule, patient outcomes
may still improve. As with diagnostic tests, clinicians may place
greater or lesser weight on false positives than false negatives, or it
may instead be desirable to minimize overall error (eg, using the
F1 score). We observed NPV's between 0.80 and 0.86, suggesting that
the severity criteria may be more appropriately used to identify low-
risk patients unlikely to experience poor outcomes than to identify
patients at high risk. Further study is needed to determine how well
a clinical prediction rule needs to perform to be useful for decision
making.

Predicting poor outcomes among hospitalized patients with
CDI has been the major focus of previously developed rules.
However, an increasing proportion of CDI cases are occurring
in the community.!>!® Little attention has been given to how
severity scores predict poor outcomes in this increasing subset
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of CDI patients, particularly among those without laboratory
values. In our study, one-third and one-quarter of episodes were
missing either WBC or SCr values for the 2010 and 2018 versions
of the criteria, respectively, and 15% were missing both values.
As expected, most of these unclassifiable cases occurred among
patients diagnosed outside the acute-care setting.

A number of factors should be considered when building a
usable clinical prediction rule. If the rule will be used to guide
treatment and management decisions, it should only incorporate
information available at the time of diagnosis. The acceptability
of a clinical prediction or decision rule is influenced by trust in
its validity, the likelihood of benefit to patients, and how easy it
is to use.* Proper internal and external validation are critical to
establishing trust in a prediction rule. Although simple rules that
can be encoded as heuristics are simplest to implement logistically,
efforts to make prediction rules simpler (eg, dichotomization)
often lead to substantial information loss and diminished predic-
tive performance.”>?* More complex algorithms may perform bet-
ter, but they are more difficult to implement widely depending on
site-specific ability to make changes to the electronic health record
systems. The literature on CDI severity score development demon-
strates the challenges common to clinical prediction rules in gen-
eral: small sample sizes and even smaller event numbers, lack of
internal and external validation, stepwise variable selection meth-
ods, use of highly correlated predictors, overfitting, conflation
of predictors and outcome (eg, defining severity based on poor
outcomes that occur after diagnosis), and dichotomization.

To the best of our knowledge, this study is the largest formal
evaluation of the performance of the 2010 and 2018 SHEA/IDSA
CDI severity criteria in a multicenter cohort and the first to include
inpatients, long-term care residents, and outpatients. Our study
included >80,000 episodes of CDI, and due to the integrated nature
of the VA healthcare system, we were able to capture both inpatient
and outpatient mortality and other outcomes of interest.

Our study has several limitations. We used retrospective
rather than prospective validation of the criteria to predict poor
outcomes. We were unable to separate severe complicated (or ful-
minant) cases in our assessment due to the unavailability of
information on ileus and megacolon among the structured data
elements. CDI was defined based on laboratory findings alone
because we had no information on diarrheal symptoms. As recom-
mendations for optimal testing algorithms have shifted over the
years, VA laboratories moved from largely using enzyme immuno-
assay toward polymerase chain reaction after 2010.#>%¢ Changes in
testing practices may have influenced the severity of patients diag-
nosed with CDI and included in our study. This potential dilution
of our cohort with inaccurately diagnosed or asymptomatically
colonized patients may have impacted the predictive performance
of the severity criteria. However, the issue of possible overdiagnosis
is not unique to the VA health system, and it is likely a consider-
ation at other facilities considering the use of a clinical prediction
rule to guide CDI management.

In conclusion, both the 2010 and 2018 versions of the SHEA/
IDSA CDI severity criteria perform below widely accepted stan-
dards for clinical prediction rules. A nontrivial proportion of
CDI cases may be unclassifiable based on these criteria, particu-
larly for patients diagnosed in the outpatient or long-term care
settings. Additional work is needed to determine the desirable
characteristics of the rule, with particular attention to minimum
performance standards, acceptability, applicability in CDI case
subgroups, and ultimate plans for the implementation of preven-
tion interventions.


https://doi.org/10.1017/ice.2020.8

Infection Control & Hospital Epidemiology

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2020.8

Acknowledgments. The authors thank Carrie Edlund for critical review and
editing of the manuscript. The views expressed in this article are those of the
authors and do not necessarily reflect the position or policy of the US
Department of Veterans Affairs or the US government. All authors have no con-
flicts of interest to report.

Financial support. This work was supported in part by a Center of Innovation
grant (no. CIN 13-414; primary investigator, Matthew Samore) from the
Department of Veterans’ Affairs, Veterans’ Health Administration, Office of
Research and Development, Health Services Research and Development.

Conflicts of interest. All authors report no conflicts of interest relevant to this
article.

References

1.

10.

11.

12.

13.

14.

15.

Miller BA, Chen LF, Sexton DJ, Anderson DJ. Comparison of the burdens of
hospital-onset, healthcare facility-associated Clostridium difficile infection
and of healthcare-associated infection due to methicillin-resistant Staphy-
lococcus aureus in community hospitals. Infect Control Hosp Epidemiol
2011;32:387-390.

. Dubberke ER, Olsen MA. Burden of Clostridium difficile on the healthcare

system. Clin Infect Dis 2012;55:588-592.

. Lessa FC, Winston LG, McDonald LC. Burden of Clostridium difficile

infection in the United States. N Engl ] Med 2015;372:2369-2370.

. Antibiotic resistance threats in the United States. Centers for Disease

Control and Prevention website. https://www.cdc.gov/drugresistance/pdf/
ar-threats-2013-508.pdf. Published 2013. Accessed January 14, 2020.

. Ma GK, Brensinger CM, Wu Q, Lewis JD. Increasing incidence of multiply

recurrent Clostridium difficile infection in the United States. Ann Intern
Med 2017;167:152.

. Zilberberg MD, Shorr AF, Kollef MH. Increase in adult Clostridium

difficile-related hospitalizations and case-fatality rate, United States,
2000-2005. Emerg Infect Dis 2008;14:929-931.

. Pépin ], Alary M-E, Valiquette L, ef al. Increasing risk of relapse after treat-

ment of Clostridium difficile colitis in Quebec, Canada. Clin Infect Dis
2005;40:1591-1597.

. Pépin ], Saheb N, Coulombe M, et al. Emergence of fluoroquinolones as

the predominant risk factor for Clostridium difficile-associated diarrhea:
a cohort study during an epidemic in Quebec. Clin Infect Dis 2005;41:
1254-1260.

. Guillemin I, Marrel A, Lambert J, et al. Patients’ experience and perception

of hospital-treated Clostridium difficile infections: a qualitative study.
Patient 2014;7:97-105.

Heinrich K, Harnett J, Vietri J, Chambers R, Yu H, Zilberberg M. Impaired
quality of life, work, and activities among adults with Clostridium difficile
infection: a multinational survey. Dig Dis Sci 2018;63:2864-2873.

Zhang D, Prabhu VS, Marcella SW. Attributable healthcare resource utiliza-
tion and costs for patients with primary and recurrent Clostridium difficile
infection in the United States. Clin Infect Dis 2018;66:1326-1332.

Reilly BM, Evans AT. Translating clinical research into clinical practice:
impact of using prediction rules to make decisions. Ann Intern Med 2006;
144:201.

Cohen SH, Gerding DN, Johnson S, et al. Clinical practice guidelines for
Clostridium difficile infection in adults: 2010 update by the Society for
Healthcare Epidemiology of America (SHEA) and the Infectious Diseases
Society of America (IDSA). Infect Control Hosp Epidemiol 2010;31:431-455.
McDonald LC, Gerding DN, Johnson S, et al. Clinical practice guidelines
for Clostridium difficile infection in adults and children: 2017 update
by the Infectious Diseases Society of America (IDSA) and Society for
Healthcare Epidemiology of America (SHEA). Clin Infect Dis 2018;66(7):
el-e48.

Reveles KR, Pugh MJV, Lawson KA, et al. Shift to community-onset
Clostridium difficile infection in the national Veterans’ Health Administ-
ration, 2003-2014. Am ] Infect Control 2018;46:431-435.

https://doi.org/10.1017/ice.2020.8 Published online by Cambridge University Press

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

515

Russo EM, Kuntz ], Yu H, et al. Incidence of Clostridioides difficile infections
among young and middle-aged adults: Veteran’s Health Administration.
Infect Control Hosp Epidemiol 2019;40:997-1005.

McDonald LC, Coignard B, Dubberke E, et al. Recommendations for
surveillance of Clostridium difficile-associated disease. Infect Control
Hosp Epidemiol 2007;28:140-145.

Stevens VW, Nelson RE, Schwab-Daugherty EM, et al. Comparative effec-
tiveness of vancomycin and metronidazole for the prevention of recurrence
and death in patients with clostridium difficile infection. JAMA Intern Med
2017;177:546-553.

Chitnis AS, Holzbauer SM, Belflower RM, et al. Epidemiology of community-
associated Clostridium difficile infection, 2009 through 2011. JAMA Intern
Med 2013;173:1359.

Khanna S, Pardi DS, Aronson SL, Kammer PP, Baddour LM. Outcomes in
community-acquired Clostridium difficile infection. Aliment Pharmacol
Ther 2012;35:613-618.

Wenisch JM, Schmid D, Kuo H-W, et al. Hospital-acquired Clostridium
difficile infection: determinants for severe disease. Eur J Clin Microbiol
Infect Dis 2012;31:1923-1930.

Steyerberg EW, Vickers AJ, Cook NR, et al. Assessing the performance of
prediction models: a framework for traditional and novel measures.
Epidemiology 2010;21:128-138.

Steyerberg EW, Uno H, Ioannidis JPA, et al. Poor performance of clinical
prediction models: the harm of commonly applied methods. J Clin Epidemiol.
2018;98:133-143.

Collins GS, Ogundimu EO, Cook JA, Manach YL, Altman DG. Quantifying
the impact of different approaches for handling continuous predictors on
the performance of a prognostic model. Stat Med 2016;35:4124-4135.
Kundu S, Aulchenko YS, van Duijn CM, Janssens ACJW. PredictABEL: an
R package for the assessment of risk prediction models. Eur J Epidemiol
2011;26:261-264.

Fabre V, Dzintars K, Avdic E, Cosgrove SE. Role of metronidazole in mild
Clostridium difficile infections. Clin Infect Dis 2018;67:1956-1958.
McDonald LC, Johnson S, Bakken JS, Garey KW, Kelly C, Gerding DN.
Reply to Fabre et al. Clin Infect Dis 2018;67:1958-1959.

Appaneal HJ, Caffrey AR, LaPlante KL. What is the role for metronidazole
in the treatment of Clostridium difficile infection? Results from a national
cohort study of veterans with initial mild disease. Clin Infect Dis 2019;69:
1288-1295.

Kassam Z, Cribb Fabersunne C, Smith MB, et al. Clostridium difficile-
associated risk of death score (CARDS): a novel severity score to predict
mortality among hospitalised patients with C. difficile infection. Aliment
Pharmacol Ther 2016:43:725-733.

Arora V, Kachroo S, Ghantoji SS, DuPont HL, Garey KW. High Horn’s
index score predicts poor outcomes in patients with Clostridium difficile
infection. J Hosp Infect 2011;79:23-26.

Lungulescu OA, Cao W, Gatskevich E, Tlhabano L, Stratidis JG. CSI:
a severity index for Clostridium difficile infection at the time of admission.
J Hosp Infect 2011;79:151-154.

Fujitani S, George WL, Murthy AR. Comparison of clinical severity score
indices for Clostridium difficile infection. Infect Control Hosp Epidemiol
2011;32:220-228.

Velazquez-Gomez I, Rocha-Rodriguez R, Toro DH, Gutierrez-Nuiiez JJ,
Gonzalez G, Saavedra S. A severity score index for Clostridium difficile
infection. Infect Dis Clin Pract 2008;16:376-378.

Miller MA, Louie T, Mullane K, et al. Derivation and validation of a simple
clinical bedside score (ATLAS) for Clostridium difficile infection which
predicts response to therapy. BMC Infect Dis 2013;13:148.

Welfare MR, Lalayiannis LC, Martin KE, Corbett S, Marshall B, Sarma JB.
Comorbidities as predictors of mortality in Clostridium difficile infection
and derivation of the ARC predictive score. ] Hosp Infect 2011;79:359-363.
Khan A, Elashery A, Kapadia S, Chandra S. Performance of severity of
illness classification for Clostridium difficile infection to predict need-
for-colectomy or inpatient death. ] Community Hosp Intern Med Perspect
2014;4(3). doi: 10.3402/jchimp.v4.24711.

Li BY, Oh ], Young VB, Rao K, Wiens J. Using machine learning and
the electronic health record to predict complicated Clostridium difficile infec-
tion. Open Forum Infect Dis 2019;6(5):0f2186. doi: 10.1093/ofid/ofz186.


https://doi.org/10.1017/ice.2020.8
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf
https://doi.org/10.3402/jchimp.v4.24711
https://doi.org/10.1093/ofid/ofz186
https://doi.org/10.1017/ice.2020.8

516

38.

39.

40.

41.

Gomez-Simmonds A, Kubin CJ, Furuya EY. Comparison of 3 severity
criteria for Clostridium difficile infection. Infect Control Hosp Epidemiol 2014;
35:196-199.

Mulherin DW, Hutchison AM, Thomas GJ, Hansen RA, Childress DT.
Concordance of the SHEA-IDSA severity classification for Clostridium dif-
ficile infection and the ATLAS bedside scoring system in hospitalized adult
patients. Infection 2014;42:999-1005.

Chiang H-Y, Huang H-C, Chung C-W, et al. Risk prediction for 30-day
mortality among patients with Clostridium difficile infections: a retrospec-
tive cohort study. Antimicrob Resist Infect Control 2019;8:175.

Patel I, Wungjiranirun M, Theethira T, et al. Lack of adherence to
SHEA-IDSA treatment guidelines for Clostridium difficile infection is
associated with increased mortality. J Antimicrob Chemother 2017;72:
574-581.

https://doi.org/10.1017/ice.2020.8 Published online by Cambridge University Press

42,

43.

44,

45.

46.

Vanessa W. Stevens et al

Crowell KT, Julian KG, Katzman M, et al. Compliance with Clostridium
difficile treatment guidelines: effect on patient outcomes. Epidemiol Infect
2017;145:2185-2192.

Caetano SJ, Sonpavde G, Pond GR. C-statistic: a brief explanation of its
construction, interpretation and limitations. Eur ] Cancer 2018;90:130-132.
Brehaut JC, Graham ID, Wood TJ, et al. Measuring acceptability of clinical
decision rules: validation of the ottawa acceptability of decision rules instru-
ment (OADRI) in four countries. Med Decis Making 2010;30:398-408.
Evans ME, Kralovic SM, Simbartl LA, Jain R, Roselle GA. Effect of a
Clostridium difficile infection prevention initiative in Veterans Affairs
acute-care facilities. Infect Control Hosp Epidemiol 2016;37:720-722.
Reeves JS, Evans ME, Simbartl LA, et al. Clostridium difficile infections in
Veterans’ Health Administration long-term care facilities. Infect Control
Hosp Epidemiol 2015;37:295-300.


https://doi.org/10.1017/ice.2020.8

	Validation of the SHEA/IDSA severity criteria to predict poor outcomes among inpatients and outpatients with Clostridioides difficile infection
	Background
	Methods
	Study design and participants
	Study data
	Severity definition
	Outcome definitions
	Statistical analysis

	Results
	Discussion
	References


