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Background. The Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of America
(SHEA) revised their Clostridioides difficile infection (CDI) severity classification criteria in 2017 to include an absolute serum
creatinine (SCr) value above a threshold (>1.5 mg/dL) rather than a relative increase from baseline (>1.5 times the premorbid
level). To date, how to best define kidney injury as a CDI disease severity marker has not been validated to assess severe outcomes
associated with CDI.

Methods. This multicenter cohort study included adult hospitalized patients with CDI. Patients were assessed for the presence
of acute kidney injury (AKI), chronic kidney disease (CKD), and CDI severity using the 2010 and 2017 IDSA/SHEA CDI guidelines.
Primary outcome was all-cause inpatient mortality.

Results.  The final study cohort consisted of 770 CDI episodes from 705 unique patients aged 65 + 17 years (female, 54%; CKD,
36.5%; AKI, 29.6%). Eighty-two episodes (10.6%) showed discordant severity classification results due to the inclusion of more
patients with preexisting CKD in the severe disease category using an absolute SCr threshold criterion. The absolute SCr criterion
better correlated with all-cause mortality (odds ratio [OR], 4.04; 95% confidence interval [CI], 1.76-9.28; P = .001) than the relative
increase in SCr (OR, 1.34; 95% CI, 0.62-2.89; P = .46). This corresponded to an increased likelihood of the 2017 CDI severity clas-
sification criteria to predict mortality (OR, 5.33; 95% CI, 1.81-15.72; P = .002) compared with the 2010 criteria (OR, 2.71; 95% CI,

1.16-6.32; P = .02).
Conclusions.
ture CDI guideline updates.
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Clostridioides difficile infection (CDI) is the most common
healthcare-associated infection in the United States, and it
causes an estimated 12 800 deaths annually [1, 2]. Severity def-
initions for CDI are different, but they most commonly include
elevated serum creatinine (SCr) values as a biomarker for kidney
injury [3-8]. Elevated SCr values measure acute kidney injury
(AKI) caused by CDI-induced diarrhea as well as preexisting
chronic kidney disease (CKD), both of which have been associ-
ated with poor CDI outcomes including mortality [9-26]. The
updated 2017 Infectious Diseases Society of America (IDSA)
and Society for Healthcare Epidemiology of America (SHEA)
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CDI severity classification criteria include an absolute SCr
value above a threshold (>1.5 mg/dL) as opposed to a relative
increase from baseline (>1.5 times the premorbid level) previ-
ously recommended in the 2010 guideline [4, 6]. This change
allowed clinicians to more easily classify patients at the point of
care, because premorbid (baseline) SCr levels were unable to be
assessed in approximately 13% of patients diagnosed with CDI,
particularly in those with community-associated CDI [27]. The
guideline panel noted that these revised criteria require valida-
tion and that they would not be able to detect AKI in patients
with preexisting renal insufficiency [6]. However, the revised
SCr criterion may have benefit by including patients with un-
derlying CKD, which is a population at risk for poor outcomes.

For several years, our research group has conducted a clin-
ical trial investigating CDI in hospitalized patients [28, 29].
Leftover stool samples were collected for strain typing, and cor-
responding clinical data, including SCr values, have been col-
lected to allow determination of the 2010 and 2017 IDSA/SHEA
CDI severity classification. This provided us the unique oppor-
tunity to validate the change in the SCr criterion between the
2010 and 2017 guidelines. The goals of this study were three-
fold: (1) describe the number of patients diagnosed with CDI
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that have concomitant AKI, CKD, and/or require chronic renal
replacement therapy; (2) assess the impact of the revised SCr
criterion on the number of CDI cases classified as severe; and
(3) assess the ability of both the 2010 and 2017 IDSA/SHEA SCr
criteria to predict inpatient mortality.

METHODS

Study Population

This multicenter cohort study was conducted using data col-
lected from 2016 to 2018 in 2 large Houston, Texas area health
systems (12 hospitals in total) as part of an ongoing clinical study
of patients with CDI. Patients with positive C difficile toxin tests
were identified from the clinical microbiology laboratory of the
health system. The study included all patients >18 years of age
with CDI who had documented values for baseline SCr, SCr
within 24 hours of CDI diagnosis, and white blood cell (WBC)
count within 24 hours of CDI diagnosis. Patients with diarrhea
due to laxative use were excluded.

Patient Consent Statement

The study was approved by the University of Houston Committee
for the Protection of Human Subjects with a waiver of informed
consent (Instititutional Review Board study 00000128).

Definitions

Patients’ electronic medical records (EMRs) (Epic Systems Co.,
Verona, WI) were reviewed retrospectively for demographic
information, underlying comorbidities, laboratory data, and
clinical outcomes. Laboratory data, including albumin level,
eosinophil count, SCr, temperature, and WBC count, were re-
corded as the most extreme value within 24 hours of CDI di-
agnosis. Hypoalbuminemia was defined as a serum albumin
level <2.5 mg/dL [7], and eosinopenia was defined as an eosino-
phil count of 0.0 cells/pL [30]. The Charlson comorbidity index
(CCI) score was calculated using comorbidities documented on
or before the date of hospital admission [31]. Residence before
admission was reported as home versus nonhome.

Patients were tested for CDI at the discretion of the treating
physician and medical team. The standard-of-care C difficile
diagnostic in all 12 hospitals during the majority of the study
time frame was a nucleic acid amplification test (NAAT) in pa-
tients with unexplained and new-onset diarrhea (>3 unformed
stools in 24 hours) with the exception of 1 hospital system (4
hospitals) that changed to an enzyme-linked immunosorbent
assay 2 months before the end of the study period. Recurrent
CDI (rCDI) and healthcare facility-onset CDI (HO-CDI)
cases were defined per the US Centers for Disease Control and
Prevention Multidrug-Resistant Organism and Clostridioides
difficile Infection (MDRO/CDI) module [32]. Two episodes of
CDI in the same patient were considered to be distinct events
if they occurred >8 weeks apart, and the same patient was eli-
gible for inclusion multiple times. Clinical definitions of CDI

severity were defined per the 2010 and 2017 IDSA/SHEA CDI
guidelines [4, 6]. Because the criteria for severe, complicated
CDI (fulminant CDI) did not change from 2010 to 2017, these
patients were included in the severe group regardless of their
SCr or WBC values.

Acute kidney injury and CKD were defined per the Kidney
Disease: Improving Global Outcomes (KDIGO) guidelines [33,
34]. Glomerular filtration rate (GFR) was estimated using the
2009 CKD-EPI creatinine equation [34]. The need for chronic
renal replacement therapy, defined as hemodialysis or peritoneal
dialysis, was determined by searching the EMRs for documen-
tation before hospital admission. Although KDIGO specifies
that a decrease in GFR must be sustained for >3 months before
the diagnosis of CKD can be confirmed, this study used a single
SCr value to calculate GFR and classify CKD, and all patients
requiring chronic renal replacement therapy before admission
were classified as having KDIGO CKD category G5 regardless
of their GFR. Baseline SCr levels were determined by choosing
the most current SCr value within one year before the current
hospital admission. Because data regarding the initiation of
renal replacement therapy during hospitalization were not col-
lected and urinary output was not consistently available for all
patients, AKI determinations were based solely on the change
in SCr from baseline. In addition, although KDIGO specifies
that the increase in SCr from baseline must be known or pre-
sumed to have occurred within the prior 7 days, baseline SCr
values were used regardless of time before CDI diagnosis.

Outcomes

The primary study outcome used to assess the correlation be-
tween the 2010 versus 2017 IDSA/SHEA CDI guideline severity
classification criteria was all-cause inpatient mortality.

Sample Collection and Ribotyping

Leftover stool samples from patients diagnosed with CDI
were collected and brought to a centralized research labo-
ratory at the University of Houston. Stool samples were then
plated onto C difficile-selective cefoxitin-cycloserine-fructose
agar plates and anaerobically incubated for 48-72 hours.
Colonies were identified as C difficile by polymerase chain re-
action (PCR). Fluorescent PCR ribotyping was performed as
previously described [35]. The library contains >100 known
ribotypes (https://thewalklab.com/tools/) but does not distin-
guish between ribotypes 014 and 020, ribotypes 053 and 163,
and ribotypes 078 and 126; therefore, these are reported as com-
bined ribotypes (eg, 014-020, 053-163, and 078-126).

Statistical Analysis

For the primary outcome analyses, logistic regression models
were developed modeling all-cause inpatient mortality as a
function of CDI severity and other relevant covariates. To pre-
vent overfitting the model, variables from the univariate analysis
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with a P < .20 were included in the multivariable model. A step-
wise backwards elimination procedure was performed by which
variables with a P > .05 were removed one at a time, and the par-
tial likelihood ratio test was used to compare the new, smaller
model to the old model. All variables with a P < .05 were in-
cluded in the final model and defined as statistically significant.
QOdds ratios (ORs) and 95% confidence intervals (CIs) were
calculated. For all subgroup and post hoc analyses, the same
covariates identified in the primary outcome analyses were in-
cluded in multivariable models. Our ongoing ribotyping study
also provided us an opportunity to assess the 2010 versus 2017
CDI severity classification criteria for their ability to predict
infection with ribotype 027, a known hypervirulent strain as-
sociated with poor clinical outcomes [35]. Classification and re-
gression tree (CART) analysis was performed using the “rpart”
package in R, version 3.6.1 (The R Foundation for Statistical
Computing, Vienna, Austria). All other statistical analyses were
performed using STATA, version 15.1 (StataCorp LLC, College
Station, TX), and results of the multivariable, subgroup, and
post hoc analyses were visualized using the “forestplot” and
“ggplot2” packages in R.

RESULTS

Patient Characteristics and Proportion of Patients With Concomitant
Kidney Disease

A total of 887 CDI episodes were identified: 91 episodes (10.3%)
were missing patient baseline SCr values, 4 were missing SCr
values within 24 hours of CDI diagnosis, 6 were missing WBC
counts within 24 hours of CDI diagnosis, and 16 tests were du-
plicates or represented a test for cure. The final study cohort
consisted of 770 CDI episodes from 705 unique patients in
12 institutions. Of these, 418 (54.3%) episodes had matching
ribotype data (Supplementary Figure S1). The mean age of the
cohort was 65 * 17 years, 54% were female, and the median
CCI score was 2 (Table 1). Kidney disease was common and in-
cluded those with preexisting CKD (total, 36.5%; category G3,
15.3%; category G4, 3.1%; category G5, 18.1%), AKI at the time
of CDI diagnosis (total, 29.6%; stage 1, 15.7%; stage 2, 9.0%;
stage 3, 4.9%), and chronic renal replacement therapy (17.8%
all classified as end-stage renal disease [KDIGO CKD category
G5]). Furthermore, 113 of 228 (49.6%) patients with AKI at the
time of CDI diagnosis had preexisting CKD.

Impact of Changing Serum Creatinine Criterion on Clostridioides difficile
Infection Severity

Eighty-two episodes (10.6%) showed discordant severity classi-
fication results after the change from a relative increase in SCr
to an absolute SCr threshold in the IDSA/SHEA SCr criterion.
This was due to the inclusion of patients with preexisting CKD
when using the latter definition. There was a concomitant de-
crease in severity from severe (2010) to nonsevere (2017) for
an additional 38 (4.9%) patients with baseline SCr values below

Table 1. Patient Demographics, Comorbidities, and Laboratory
Parameters

Cohort
Variable (n=770)
Age, mean (+SD), years 65.3 (16.7)
Female, no. (%) 418 (64.3)
Race/ethnicity, no. (%)
White, non-Hispanic 453 (58.8)
Black, non-Hispanic 158 (20.5)
Hispanic 116 (15.1)
Asian 18(2.3)
Other? 25 (3.3)
Admitted from home, no. (%) 593 (77.0)
CCl, median (IQR) 2 (1-4)
SOT, no. (%) 66 (8.6)
HSCT, no. (%) 2(0.3)
History of CDI ever, no. (%) 217 (28.2)
CDI diagnostic testing method, no. (%)
NAAT 747 (97.0)
EIA 23 (3.0)
HO-CDI, no. (%) 331 (43.0)
rCDI, no. (%) 94 (12.2)
Temperature, mean (+SD), °F% 98.8 (1.4)
SCr (baseline), median (IQR), mg/dL 0.90 (0.66-1.32)
Collected within 30 days, no. (%) 417 (64.2)
Collected within 31-90 days, no. (%) 110 (14.3)
Collected within 91-365 days, no. (%) 243 (31.5)
SCr (within 24 hours of diagnosis), median (IQR), mg/ 1.10 (0.74-2.20)

dL

WBC, median (IQR), cells/uL 10 900 (7200~

16 400)
Eosinophils, median (IQR), cells/uL® 80 (10-190)
Albumin, mean (+SD), g/dLb 3.0 (0.7)

Abbreviations: CCl, Charlson comorbidity index; CDI, Clostridioides difficile infection; EIA,
enzyme-linked immunosorbent assay; HO-CDI, healthcare facility-onset CDI; HSCT, hema-
topoietic stem cell transplantation; IQR, interquartile range; NAAT, nucleic acid amplifica-
tion test; no., number; rCDI, recurrent CDI; SCr, serum creatinine; SD, standard deviation;
SOT, solid organ transplantation; WBC, white blood cells.

“American Indian, Alaska Native, Native Hawaiian, Pacific Islander, other race/ethnicity,
or >2 races/ethnicities.

°n = 159 missing values.

°n = 6 missing values.

9n = 2 missing values.

0.99 mg/dL because even a 50% increase in SCr from baseline
did not place them at or above the 1.5 mg/dL threshold. Overall,
this resulted in an increase from 375 (48.7%) CDI episodes clas-
sified as severe per the 2010 guideline to 419 (54.4%) episodes
classified as severe per the revised 2017 guideline (Table 2).
Finally, 172 of 228 patients (75.4%) with a SCr >1.5 times their
baseline value also had a SCr >1.5 mg/dL, indicating that the
absolute SCr threshold suggested in the 2017 guideline iden-
tified the majority of patients with AKI at the time of CDI
diagnosis.

Primary Outcome Analyses
Opverall, inpatient mortality occurred in 5.2% (40 of 770) of the
cohort. Using the 2010 guideline, the mortality rate was 3.0%
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Table 2. Severity Classification Based on 2010 vs 2017 Severity Classification Criteria

2010 Severity Criteria

2017 Severity Criteria

SCr >1.6x Baseline

SCr <1.5x Baseline

SCr >1.5 mg/dL SCr <1.56 mg/dL

WBC >15 000 cells/pL Severe
n=94

WBC <15 000 cells/uL Severe
n=134

Severe Severe Severe
n=147 n=113 n=128
Mild-to-Moderate Severe Nonsevere
n =395 n=178 n =351

Abbreviations: SCr, serum creatinine; WBC, white blood cells.

(12 of 395) in patients with mild or moderate CDI and 7.5%
(28 of 375) in patients with severe CDI. Using the 2017 guide-
line, the mortality rate was 2.0% (7 of 351) in patients with
nonsevere CDI and 7.9% (33 of 419) in patients with severe
CDI. Furthermore, the mortality rate was 2.2% (7 of 313) in
episodes classified as nonsevere by both guidelines, 4.2% (5 of
120) in those classified as severe by only 1 guideline, and 8.3%
(28 of 337) in those classified severe by both guidelines.

In univariate analysis, the odds of inpatient mortality were
higher among patients with severe CDI as classified by either the
2010 or 2017 severity classification criteria (Table 3). In the best
fit multivariable logistic regression model, severe CDI classified
per the 2010 severity classification criteria was an independent
predictor of inpatient mortality (OR, 2.71; 95% CI, 1.16-6.32;
P =.02) after adjusting for age, CCI score, hypoalbuminemia,
and HO-CDI. Likewise, severe CDI as classified per the re-
vised 2017 severity classification criteria was an independent
predictor of inpatient mortality (OR, 5.33; 95% CI, 1.81-15.72;
P =.002) after adjusting for CCI score, hypoalbuminemia,
eosinopenia, and HO-CDI (Figure 1).

Table 3. Univariate Analysis for Predictors of Inpatient Mortality

Univariate Analysis

Covariate OR (95% CI) PValue
Age (per 1-year increase) 1.03 (1.01-1.05) .01
CClI (per 1-unit increase) 1.20 (1.05-1.36) .007
SOT 0.55 (0.13-2.32) 41
2010 “Severe” 2.58 (1.29-5.14) .007
SCr = 1.5x baseline 1.63 (0.85-3.13) 14
2017 "Severe” 4.20 (1.83-9.62) .001
SCr>1.5 mg/dL 3.67 (1.86-7.23) <.001
WBC =15 000 cells/uL 3.97 (2.05-7.67) <.001
Albumin <2.5 mg/dL 6.02 (2.99-12.12) <.001
Eosinopenia 1.96 (1.01-3.83) .05
Temperature (per 1-degree increase) 1.00 (0.79-1.26) .97
EIA positive 1.78 (0.40-7.86) .45
HO-CDI 2.59 (1.30-5.04) .005
rCDI 0.36 (0.09-1.54) A7

Abbreviations: CCl, Charlson comorbidity index; Cl, confidence interval; EIA, enzyme-
linked immunosorbent assay; HO-CDI, healthcare facility-onset Clostridioides difficile in-
fection; OR, odds ratio; rCDI, recurrent C difficile infection; SCr, serum creatinine; SOT,
solid organ transplantation; WBC, white blood cells.

To observe the effects of each SCr criterion on inpatient mor-
tality individually, 2 multivariable logistic regression models
were developed with inpatient mortality as the outcome variable
and a relative change in SCr per the 2010 guideline or an abso-
lute SCr threshold per the 2017 guideline as predictor variables
(Figure 2). Each model also controlled for age, CCI score, leu-
kocytosis, hypoalbuminemia, eosinopenia, and HO-CDI. The
absolute SCr threshold suggested by the 2017 severity classifica-
tion criteria was better correlated with inpatient mortality (OR,
4.04; 95% CI, 1.76-9.28; P = .001) than the relative increase in
SCr using the 2010 severity classification criteria (OR, 1.34; 95%
CL 0.62-2.89; P = .46).

Subgroup and Post Hoc Analyses

As previously stated, 75.4% of patients with a SCr >1.5 times
their baseline value also had a SCr >1.5 mg/dL. A post hoc
analysis was performed to determine whether a different SCr
threshold could better capture those with AKI at the time of
CDI diagnosis. The CART analysis identified a SCr threshold
of >1.36 mg/dL, which identified 81.6% (186 of 228) of pa-
tients with AKI. Four different SCr thresholds (1.0, 1.36, 1.5,
and 2.0 mg/dL) were tested for their ability to identify AKI. The
incidence of AKI as well as the corresponding sensitivity, spec-
ificity, negative predictive value, and positive predictive value
of each SCr threshold can be seen in Supplementary Figure S2
and Supplementary Table S1, respectively. Overall, the CART-
derived SCr threshold of >1.36 mg/dL performed the best with
a sensitivity of 81.6% and a specificity of 75.5%. To ensure the
CART-derived threshold was able to predict mortality, it was
placed into a multivariable logistic regression model identical
to those performed in the primary analyses. Similar to the 2017
IDSA/SHEA SCr threshold, the CART-derived SCr threshold
was an independent predictor of mortality (OR, 3.20; 95% ClI,
1.40-7.31; P = .006) (Supplementary Figure S3).

Four hundred eighteen CDI episodes also had ribotyping
data. For these subgroup analyses, ribotypes were classified as
ribotype 027 (RT027; 55 of 418 [13.2%]) or non-RT027 (363
of 418 [86.8%]). An evaluation was done to assess whether the
2010 or 2017 severity classification criteria could predict in-
fection with this hypervirulent strain. Two logistic regression
models were built; both included age and CCI score along with
severe CDI as classified by either the 2010 or 2017 criteria. The

4 « OFID « Carlson etal


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa476#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa476#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa476#supplementary-data

2010 Severity Criteria

OR (95% CI)

2010 Severe ' i | 2.71 (1.16—6.32)
Age - 1.03 (1.00—1.05)
CCI —— 1.22 (1.04—1.44)
Hypoalbuminemia L] { 3.99 (1.90-8.38)
HO-CDI L i | 2.71 (1.28-5.74)
2017 Severity Criteria

2017 Severe = 5.33 (1.81-15.72)
CClI —— 1.18 (1.01-1.39)
Hypoalbuminemia ' L { 4.37 (2.09-9.15)
Eosinopenia | o | 2.22 (1.05—4.70)
HO-CDI ' L { 2.67 (1.26—-5.68)

T T T T 1
0.50 1.0 2.0 5.0 10.0
Odds ratio
Figure 1. Multivariable analyses for predictors of inpatient mortality. CCI, Charlson comorbidity index; Cl, confidence interval; HO-CDI, healthcare facility-onset

Clostridioides difficile infection; OR, odds ratio.

odds of severe CDI predicting infection by RT027 were statis-
tically significant in both models although the 2017 severity
classification criteria (OR, 3.63; 95% CI, 1.78-7.41; P < .001)
were more predictive than the 2010 criteria (OR, 2.45; 95% CI,
1.31-4.60; P = .005).

DISCUSSION

The previous CDI severity classification criteria from the 2010
IDSA/SHEA CDI guideline included a >1.5X relative increase
in SCr value from baseline as a severity criterion [4]. The deci-
sion to choose a relative increase in SCr as a CDI severity cri-
terion was based on the logic that “an elevated SCr level may
indicate severe diarrhea with subsequent dehydration or inad-
equate renal perfusion” [4]. However, Shah et al [27] demon-
strated that 15% of patients lacked adequate data to determine
CDI severity at the point of care, which was largely due to a lack
of baseline SCr data. Partly based on this reference, the CDI
severity classification criteria was modified for the 2017 IDSA/
SHEA CDI guideline to include an absolute SCr value above
a threshold (>1.5 mg/dL) rather than a relative increase from
baseline [4, 6]. This change had the benefit of being readily
available clinically and also able to identify patients with pre-
existing CKD as well as AKI at the time of CDI diagnosis if
the kidney injury resulted in a SCr above the threshold value.
However, the guideline panel noted that these revised criteria
require validation and that they would not be able to detect AKI

in patients with preexisting renal insufficiency [6]. Our ongoing
clinical trial of hospitalized patients with CDI gave us the op-
portunity to validate the decision to change the SCr criterion in
the 2017 guideline compared with the 2010 guideline. Strengths
of our study include a multicenter study design, standardized
data definitions and collection procedures, and ongoing strain
typing allowing for translational research subgroup analyses.

In this study, a large proportion of patients had preexisting
CKD (281 of 770; 36.5%) including 137 of these 281 patients
(48.8%) that required chronic renal replacement therapy be-
fore CDI diagnosis. Although we hypothesized this subgroup
of patients to be at highest risk of being misclassified as having
severe CDI due to the SCr criterion revision, the guideline revi-
sion lead to an increase in severity for only 82 (10.6%) patients.
In addition, our study suggests that this simplified SCr criterion
is an acceptable surrogate for AKI because it was able to identify
75.4% of patients with AKI at the time of CDI diagnosis. The
CART-derived SCr threshold of >1.36 mg/dL was very close to
the currently recommended SCr threshold value of >1.5 mg/dL
with marginal differences noted between the 2 values.

Severity classification criteria should most importantly
identify variables at disease presentation that predict poor out-
comes. For example, the Acute Physiology and Chronic Health
Evaluation (APACHE) II and the Sequential Organ Failure
Assessment (SOFA) scores were developed and subsequently
validated to predict mortality among various infectious diseases
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2010 IDSA/SHEA SCr Criterion

OR (95% CI)

SCr >=1.5 x baseline ' = 1.34(0.62—2.89)
WBC >=15,000 cells/uL. = | 3.59 (1.62-7.99)
Age - 1.02 (0.99—1.05)
CCI —— 1.23 (1.04—1.45)
Hypoalbuminemia = | 3.74 (1.76—7.93)
Eosinopenia = { 1.71 (0.79—-3.70)
HO-CDI - | 3.04 (1.40-6.61)
2017 IDSA/SHEA SCr Criterion

SCr >=1.5 mg/dL = | 4.04 (1.76—9.28)
WBC >=15,000 cells/ul. - | 3.30 (1.46—7.46)
Age » 1.02 (1.00—1.05)
CCI —— 1.17 (0.98—1.39)
Hypoalbuminemia = | 4.24 (1.97-9.14)
Eosinopenia = | 1.79 (0.82—-3.92)
HO-CDI = | 3.36 (1.52—7.43)

[ T T T 1
0.50 1.0 2.0 5.0 10.0

Odds ratio

Figure 2. Multivariable analysis of individual criterion for association with inpatient mortality. CCl, Charlson comorbidity index; Cl, confidence interval; HO-CDI, healthcare
facility-onset Clostridioides difficile infection; OR, odds ratio; SCr, serum creatinine; WBC, white blood cells.

populations [36, 37]. Although investigators have used various
definitions, AKI has been associated with poor CDI outcomes
including mortality [9-11]. For example, Tay et al [38] demon-
strated an association between the 2010 severity classification
criteria and all-cause 30-day mortality (OR, 3.18; 95% CI, 1.52—
6.66; P = .002). Likewise, CKD has also been associated with
poor CDI outcomes in a multitude of studies [12-26]. Using
data from the fidaxomicin phase III clinical trials, Bauer et al
[39] observed an association between WBC >15 000 cells/uL
and SCr >1.5 mg/dL assessed separately and treatment failure
and CDI recurrence (SCr only). Mortality was not included as
an outcome in this study. Taken together, these data suggest
that a SCr criterion that identifies both AKI and CKD patients
would likely improve the performance of severity classification
criteria to identify patients at high risk for mortality. Our study
confirmed these previous findings and indicate that the asso-
ciation between mortality and severe CDI per the 2010 IDSA/
SHEA severity classification criteria was driven primarily by
the WBC criterion (Figure 2). In contrast, the revised SCr cri-
terion from the 2017 guideline was independently associated
with increased odds of mortality when analyzed as a single
criterion and improved the performance of the WBC vari-
able included in the 2017 IDSA/SHEA severity classification
criteria. When plotting our sample estimates next to previous

retrospective findings (Supplementary Table S2), there is con-
siderable overlap (Supplementary Figure S4), which suggests
that our findings are externally valid. Thus, these findings sup-
port the continued use of the 2017 severity classification cri-
teria in future guideline updates, including in patients with
preexisting renal insufficiency.

This study has certain limitations. We purposely chose 1 ob-
jective primary outcome (all-cause inpatient mortality) to limit
bias associated with the outcome evaluation. Further studies as-
sessing CDI attributable mortality, initial clinical cure, and CDI
recurrence will be required. In addition, we chose only to eval-
uate 2 measures of kidney injury, namely, those proposed by
the 2010 and 2017 IDSA/SHEA CDI guidelines. Other methods
to evaluate kidney injury, including evaluation at different time
points or resolution of kidney injury, may improve upon our
analyses. However, the ease of collection and availability of
a SCr value at the time of CDI diagnosis makes this an espe-
cially attractive variable to use in severity classification criteria.
Finally, almost all CDI episodes were diagnosed using a NAAT
(747 of 770; 97.0%). The use of an NAAT has been shown to
identify patients with less severe disease and may lead to false-
positive results in patients colonized with C difficile [40]. The
effect of this would likely be a decrease in mortality and bias our
results towards the null.
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CONCLUSIONS

In conclusion, the 2017 IDSA/SHEA CDI severity classification
criteria better correlated with inpatient mortality than the 2010
severity classification criteria, which supports the continued
use of these revised criteria in future guideline updates.
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Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
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