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Abstract
Objective: Clostridioides difficile infection (CDI) causes significant morbidity and mortality; however, the diagnosis of CDI remains controversial. The primary aim of our study was to evaluate the association of polymerase chain reaction (PCR) PCR cycle threshold (Ct) values with CDI disease severity, recurrence, and mortality among adult patients with CDI.
Design: Retrospective cohort study.
Setting: Single tertiary tertiary-care hospital.
Patients: Adult patients diagnosed with hospital-onset, healthcare facility-–associated CDI from June 2014 to September 2015.
Methods: We performed a retrospective chart review of included patients. Univariate and multivariable logistic regression methods were used to evaluate the association between Ct values and CDI severity, 8-week recurrence, and 30-day mortality.
Results: Among 318 included patients, 51% were male and the mean age was 62 years. ; ~Approximately 32% of the patients developed severe CDI and 11% developed severe-–complicated CDI. The 30-day all-cause mortality rate was 11% and the 8-week recurrence rate was 9.5%. The overall mean Ct value was 32.9 (range, 23-–40). Multivariable analyses showed that lower values of PCR Ct were associated with increased odds of 30-day morality (odds ratio [OR] 0.83, ; 95% confidence interval [CI], 0.72-–0.96), but were not independently associated with CDI severity (OR, 0.99, ; 95% CI: , 0.90-–1.09) or recurrence (OR, 0.88, ; 95% CI: , 0.77-–1.00). 
Conclusions: Our findings suggest that PCR Ct values at the time of diagnosis may have a limited predictive value and utility in clinical decision making for inpatients with CDI. Larger, prospective studies across different patient populations are needed to confirm our findings. 
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Introduction
Clostridioides (Clostridium) difficile infections (CDI) affects over >450,000 people annually in the United States, leading to 30,000 deaths.1 Of those with CDI, approximately ~15% progress to severe disease, and 20% have CDI recurrence.2-–4 The optimal laboratory diagnosis of CDI remains unresolved;, with several available testing modalities varying in cost, timeliness, and diagnostic accuracy.5 The most recent guidelines from the Infectious Disease Society of America (IDSA) and the Society for Healthcare Epidemiology of American (SHEA) recommend an algorithmic approach, wherein toxin tests and nucleic acid amplification testing (NAAT) are assigned specific roles.6 
A standalone NAAT for CDI offers a fast turnaround time as well as high sensitivity and specificity for detection of C. difficile in the stool, compared to other testing modalities.7,8 However, a standalone NAAT with no institutional criteria for submitting stool specimens can potentially overdiagnose patients who are colonized with C. difficile and may lead to unnecessary treatments.9 While Although qualitative standalone NAAT assays may have low value in predicting clinical outcomes, quantitative polymerase chain reaction (PCR) leveraged through toxin B amplification cycle threshold (Ct) values may offer additional predictive value.10 Several studies have shown that PCR Ct values inversely correlate with C. difficile toxin burden and/or toxin-positive disease and can be used as a predictor of poor outcomes of CDI.11-–17 However, the data supporting the use of PCR Ct are limited, and results vary regarding the ability of PCR Ct to accurately predict severe disease, recurrence, or mortality.12,18 
The aim ofIn this study, we sought was  to determine the association between PCR Ct values and CDI disease severity, recurrence, and mortality among adult patients with hospital-onset CDI. 

Methods
Design and study population
This was a single center, retrospective cohort study of included all adult patients (aged ≥ 18 years) admitted to Cleveland Clinic, a tertiary tertiary-care hospital, from June 2014 to September 2015, who were and diagnosed with hospital-onset, healthcare facility-associated (HO-HCFA) CDI. CDI was defined as the presence of diarrhea (≥ 3 unformed stools in 24 hours) or toxic megacolon (radiological documentation of abnormal dilation of the large intestine) with a positive stool resultC. difficile PCR assay of stool by using a Simplexa C. difficile Universal Direct PCR assay (Focus Diagnostics, Cypress, CA, United States). The highest Ct considered positive by the Simplexa assay as peraccording to the manufacturer is 40. The institutional criteria for testing stool samples for CDI, included the presence of unformed stools with no prior test for CDI within the past previous 7 days. Patients with a history of CDI diagnosed within the past 8 weeks or with unresolved, ongoing CDI were excluded from the cohort. HO-HCFA CDI was defined as CDI wherein which diarrhea symptom onset and/or specimen collection was performed on or after hospital day 4 with the date of admission indicated as day 1, or within 4 days of discharge with discharge date as day 1. The Cleveland Clinic Infection Prevention internal surveillance database was used to identify patients with HO-HCFA CDI. The study was approved by the institutional review board of the Cleveland Clinic, Cleveland, Ohio, with a waiver of informed consent. 

Data collection
Demographics,  and clinical characteristics, including relevant co-morbid conditions, laboratory data, exposure to antibiotics and immunosuppressive agents, CDI treatment, and outcomes (ie, severity of CDI, colectomy, 30-day all-cause mortality, and recurrent CDI), were retrospectively collected for all patients using a standardized data collection form. Previous antibiotic exposure was defined as any systemic antibiotic therapy within 90 days before the current admission, and concurrent antibiotic use was defined as any systemic non-CDI antibiotic use for up to 7 days after the diagnosis of CDI. PCR Ct values of for each patient was were obtained separately through the Department of Laboratory Medicine at the Cleveland Clinic after all other data collection wass were completed to ensure that Ct value did not influence data extraction. Independent infectious diseases specialists (uninvolved in primary data collection and blinded to Ct results) reviewed 30-day mortality cases and adjudicated CDI-attributable mortality independently. We decided a priori not to include patients or/ episodes of CDI if they did not have sufficient information or had no traceable follow-up data after hospital discharge.

Outcome definitions
[bookmark: _Hlk60806188]Recurrent CDI was defined as an episode of CDI that occurs occurred ≤ 8 weeks after the onset of a previous episode, and for which completion of an effective course of therapy for CDI was completed. Severe infection was a CDI case with an an elevatedion in white blood cell count (≥ 15,000 cells/mL) or an elevatedion in serum creatinine (≥ 1.5 times the baseline) creatinine. Severe-–complicated infection was a defined as CDI case associated with hypotension or shock, ileus, and/or megacolon. All definitions were adopted from Clinical Practice Guidelines by IDSA/SHEA.19 

Statistical analysis
Univariate associations between continuous and categorical patient measures including severe complications (yes/ or no), 30-day mortality (yes/ or no), 8-week recurrence (yes/ or no), and CDI complication classifications (mild, severe, or severe-–complicated) were tested using either the χ2 chi-square test, the Fisher’s exact test, analysis of variance (ANOVA), or the Kruskal-Wallis test. Box plots were used to illustrate the differences in mean Ct values between patients for 8-week recurrence, 30-day mortality, and the presence or absence of a severe complication. Univariate and multivariable logistic regression methods were used to examine the relationships between Ct values and CDI severity, 8-week recurrence, and 30-day mortality. The optimal Ct cutoff value was also determined after assessing the receiver operating characteristic curves (ROCs) curves (, using cutoff with the maximum sums of specificity and sensitivity as cutoffs) were assessed. For the multivariable logistic regression model analyses, the variables of interest for associations with 8-week recurrences were Ct value (continuous variable), age ≥ 65 years, Charlson co-morbidity index, previous inpatient length of stay (if hospitalized in the past 90 days), history of CDI, ratio of highest creatinine to baseline creatinine, fluoroquinolone exposure in the past 90 days, and concurrent use of non-CDI antibiotics after diagnosis of CDI. For 30-day mortality, the variables of interest were Ct value (continuous variable), age ≥ 65 years, Charlson co-morbidity index, fluoroquinolone exposure in the past 90 days, minimum albumin within 4 days of infection, ratio of highest creatinine to baseline creatinine, hypotension and/or shock within 4 days of CDI, and maximum WBC within 4 days of infection. For severe complications, the variables of interest were Ct value (continuous variable), age ≥ 65 years, Charlson co-morbidity index, minimum albumin within 4 days of infection, ratio of highest creatinine to baseline creatinine, hypotension/  and/or shock within 4 days of CDI, and maximum WBC within 4 days of infection. The regression diagnostic methods of variance inflation factors and condition indices were used to test these variables for independence relative to one another. Any variable with a variance inflation factor or a condition index < 10 was considered to exhibit an acceptable level of independence from the other variables in the analysis and was retained. For 8 8-week recurrence, previous hospital length of stay was not sufficiently independent from the other variables and was excluded from that multivariable analysis. Logistic regression methods were used in the multivariable analysis to identify terms that were statistically significant. Unadjusted and adjusted odds ratios (aORs) and their corresponding 95% Wald confidence intervals (CIs) were calculated to determine the associations. A two2-sided P < .05 was considered statistically significant.

Results
A In total, of 409 patients with HO-HFA CDI were identified, of which whom 91 patients were excluded: (72 did not have their Ct values recorded and the remaining patients did not meet the inclusion criteria). The final cohort included 318 adult patients, amongof whom 51% were male and the mean age was 62 years. Table 1 shows the overall demographic characteristics, underlying comorbidities, treatment and outcomes for the entire cohort and compares between patients with and without 30-day all-cause mortality. Two-fifths of the patients had been hospitalizedation within the past 90 days, 8.5% had a previous history of CDI, and more than half (53%) had had an intensive care unit (ICU) stay in the month preceding CDI. The common antibiotic exposures in the past 90 days included cephalosporins (48%), piperacillin-tazobactam (48%), and fluoroquinolones (37%). Most patients had concurrent non-CDI antibiotic exposure (54%) after diagnosis of CDI. The median hospital length of stay (LOS) was 17.5 days, with a median LOS after CDI diagnosis of 7 days. The mean Ct value for all positive study samples was 32.9 (range, 23-–40). A box plot showing the distribution of the Ct values is available as in Supplementary Fig.ure 1 (online). 
 
CDI severity 
In our cohort, 103 (32%) patients developed severe CDI and 35 (11%) patients developed severe-–complicated CDI. Complications attributed to CDI included ileus in 34 patients, hypotension and/or shock in 25 patients, and colectomy in 2 patients. The mean Ct values ± standard deviation (SD) were not significantly different across the three 3 CDI groups: mild-to-moderate (Ct: 33.1 ± 3.7), severe (32.7 ± 3.6), or severe-–complicated (32.3 ± 3.0) (; P = 0.41). The mean Ct value was also not significantly different when patients were grouped as with (severe and severe-–complicated) and without complications (32.6 ± 3.4 versus 33.1 ± 3.7; P = 0.23) (Supplementary Figure Fig. 2a online). In the multivariate model after adjusting for other variables, the variables that remained independently associated with severe complications were age > 65 years (OR 0.45, 95% CI, 0.21-–0.98, ; P = 0.04), maximum WBC count within 4 days of CDI (OR, 1.35, ; 95% CI, 1.24-–1.47, ; P = 0.04), and hypotension and/or shock within 4 days of CDI (OR, 6.09, ; 95% CI, 1.45-–25.56, ; P = 0.01) (Supplementary Table 1 online).

Mortality
A In total, of 299 patients had 30-day follow-up data available. Of those, 33 (11%) patients (11%) died within 30-days of the initial diagnosis of CDI. Adjudication by infectious disease specialists identified the 30-day CDI attributable mortality rate to be 2.3% (n = 7). The univariate comparison between patients with and without mortality is depicted in Table 1. CDI patients with 30-day mortality tended to be older (69.6 ± 13.6 vs 60.7 ± 16.5 years), to be sicker, and to have higher Charlson comorbidity index scores (10.1 ± 4.5 vs. 7.6 ± 3.8). The mean Ct value (± SD) was lower in patients with 30-day mortality compared to with survivors (31.5 ± 2.5 versus 33.0 ± 3.7; pP = 0.003) (Supplementary Figure Fig. 2b online). In the multivariate model after adjusting for other variables, the remaining significant variables independently associated with 30-day mortality were Charlson co-morbidity score (OR, 1.20, ; 95% CI, 1.07-–1.36, ; P = 0.003), prior fluoroquinolones (OR, 0.3, ; 95% CI, 0.11-–0.84, ; P = 0.022), minimum albumin levels within 4 days of CDI (OR, 0.29, ; 95% CI, 0.11-–0.73, ; P = 0.009), hypotension/  and/or shock within 4 days of CDI (OR, 3.94, ; 95% CI, 1.22-–12.67, ; P = 0.02), and Ct value (OR, 0.83, ; 95% CI, 0.72-–0.96;, P = 0.01) (Table 2). Based on the receiver operating characteristic (ROC) curve, a cutoff point of Ct ≤ 34.1 was identified (C-statistic = 0.61) (Supplementary Figure Fig. 3a online).

CDI recurrence within 8 weeks
IA n total, of 241 patients had 8- weeks of follow-up data available. Of those, CDI recurrence occurred in 23 (9.5%) patients within 8 weeks of index CDI. The mean Ct value was not significantly different in patients with 8-week recurrence compared to patients with no recurrence (31.9 ±2.9 versus 32.9 ±3.7; P = 0.17) (Supplementary Figure Fig. 2c online). The univariate comparison between patients with and without recurrence is depicted in Table 3. In the multivariate model after adjusting for other variables, the only significant variable that was independently associated with 8-week recurrence was the ratio of highest creatinine to baseline creatinine (OR, 6.52, ; 95% CI, 1.49-–28.60, ; P = 0.013) (Table 4). Based on the receiver operating characteristic (ROC) curve, a cutoff point of Ct ≤ 34.1 was identified (C-statistic, = 0.60) (Supplementary Figure Fig. 3b online). 

Discussion
The laboratory diagnosis of CDI remains a subject ofan ongoing debate. Current IDSA/SHEA guidelines recommend choosing appropriate testing methods depending on whether there are pre-specified criteria that limit inappropriate testing in the hospital/ or institution.6 While Although standalone NAAT has a quick turnaround time with high sensitivity and specificity compared to the other tests, NAAT assays risk overdiagnosis, which can lead to unnecessary treatments and undue burden on patients.9 The use of PCR Ct to quantify C. difficile burden (and, subsequently, to predict outcomes of CDI) has been studied, with mixed results.12,13,15,17,20 In our study, among 318 patients with HO-HFA CDI, we found that PCR Ct values at the time of diagnosis were not independently associated with CDI severity or recurrence within 8 weeks, but were independently associated with 30-day all-cause mortality. 
At least two 2 previous studies have reported that lower PCR Ct values are associated with increased risk of 30-day mortality, and one 1 study has reported that Ct values are not associated with all-cause mortality. In a 2017 study that evaluated 1,650 stool samples, Garvey et al. 21 reported that the mean Ct of all samples was 27.1 and that Ct values of ≤ 26 were associated with a significantly increased risk of 30-day all-cause mortality.21 In a larger study using 8,853 diarrheal samples, Davies et al.12 reported that CDI patients who died had lower Ct values compared tothan survivors (25.5 vs 27.5; P= 0.02) and that patients with Ct ≤ 25 had a 1.45 times greater risk of mortality compared tothan patients with Ct > 25.12 In our study, we observed that whilealthough CDI patients with 30-day mortality had lower Ct values compared tothan survivors, the mean Ct values were considerably higher (31.5 vs 33; P = 0.03).  and fFor each unit decrease in Ct, the odds of 30-day mortality increased by only 17%, even after adjusting for confounding variables. In a 2015 study, Rao et al22. evaluated 1,144 CDI patients with a median Ct of 34.1 and did not find a significant association between Ct values and 30-day all-cause mortality.22 It is possible thatS some of the differences in Ct values could also be becausebe attributable to of different underlying patient populations and testing algorithms, including the specific PCR testing platform/  and assays used. Also, our patient cohort was generally sicker, with lower serum albumin and higher WBC count, – two2 factors that have previously been associated with increased risk of mortality in patients with CDI. It has been suggested by aA few studies,  have suggested that Ct values can be provided routinely along with CDI laboratory test results to assist with clinical decision making, i.e.that is, to identify patients who are at increased risk for 30-day mortality. However, in our study, the mean Ct values among patients with and without 30-day mortality was were not large enough to be clinically meaningful for important clinical decision making. Larger prospective multi-institutional studies across different patient populations may be needed to further evaluate this factor. 
The role of PCR Ct in predicting CDI recurrence within 8-weeks also appears to be controversial. In our study Ct values were not independently associated with recurrence of CDI within 8- weeks. This finding appears to be in agreement with at least two 2 previous studies (ie, - Davies et al. 12 and Kamboj et al.,11) that which have reported non-significant differences in mean Ct values among patients with and without recurrence .11,12  In contrast, Origuen et al. 13 reported a recurrence rate of 15.8% (36/ of 227 episodes) and that patients with Ct < 25.65 had 3.45 times greater odds of recurrence than those with Ct ≥ 25.65.13 A few other studies have identified a significant association between lower Ct values and poor outcomes, which included recurrent CDI.13,15,16 However, all of the aforementioned above studies had included very few patients with recurrence, and the recurrence rates were was higher than the 10% recurrence rate in our study, which and may explain some of the differences. Therefore, despite some evidence that PCR Ct is able to predict disease recurrence of C. difficile, larger, prospective studies are be needed to confirm its potential utility.
Whereas prior studies have suggested the association of PCR Ct values with C. difficile disease severity, we found no significant differences in PCR Ct values for patients with mild mild-to to-moderate, severe, or severe-–complicated CDI. In our multivariable model, PCR Ct values were not independently associated with CDI disease severity. Jazmati et al20. reported that patients with severe CDI had significantly lower PCR Ct values compared tothan patients with mild mild-to-or moderate disease, though this study had a relatively smaller sample size and compared PCR Ct values from 54 patients.20 Reigadas et al.,15 in a study including 129 patients, found that PCR Ct was independently associated with a poor poor-outcome CDI, with 8 of 43 poor outcomes attributed to development of severe CDI.15 Reigadas et al.16 performed a subsequent external validation study across 14 hospitals with 223 total patients and reported similar results.16 However, neither study reported specific analyses regarding the association of PCR Ct with C. difficile disease severity. 
The strengths of our study include its contribution to an ongoing debate regarding the value of PCR Ct in laboratory diagnosis of CDI; . We collected samples from a relatively large number of patients, with a total of 318 patients diagnosed with HO-HFA CDI; . and Also, the study’s design reduced the influence of confounding by ensuring that data extraction of PCR Ct data were was performed separately from collection of patient outcome data and by collecting extensive data related to patient comorbidities. In contrast, o
Our study also has several limitations. First, our study was performed at a single tertiary care center, meaning that some of our findings may not be generalizable to patient population at other hospital settings, especially given the relatively higher WBC count and lower albumin levels of patients overall compared to other related studies. Also, it may be inappropriate to do a head ondirect comparison of Ct values across different PCR platforms/  or assays, and some variability in Ct values should be expected. Second, our study risked misclassification bias because, as it included all symptomatic patients with a positive PCR for C. difficile, without the requirement of a positive toxin assay, . Although weby  followiedng predetermined institutional guidelines regarding indications for C. difficile testing, we aimed to minimize this bias. In addition, some patients were lost to follow follow-up, with and 8-week follow-up data were available for 76% of patients included in the study, which reduced the number of patients included in the analyses regarding CDI recurrence. Lastly, PCR Ct values were only obtained at the time of diagnosis, and they represent a single snapshot in time; and therefore, they may not be representative of the lowest value for each patient.
In conclusion, in this study we identified that lower PCR Ct values for CDI were independently associated with 30-day all-cause mortality but not with severity of disease or recurrence within 8- weeks. Our findings suggest that PCR Ct values may not play an important and/or meaningful predictive role in clinical decision making during the management of patients with CDI. There is a need for lLarger, prospective studies are needed across different patient populations to confirm our findings. 
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Table 1: . Demographic and Clinical Characteristics of the Patients With Hospital-Onset, Healthcare Facility-Associated (HO-HCFA) HO-HCFA CDI and 30-Day Mortality
	Characteristic
	Overall Population
(N = 318), 
No. (%)
	No Mortality
(N = 266/299a), 
No. (%)
	30-Day Mortality
(N = 33/299a), 
No. (%)
	p-P 
Value

	Sex, mMale, n (%)
	162 (50.9%)
	142 (53.4%)
	13 (39.4%)
	0.130

	Age (years), M, mean y  ± ± SD
	61.7 ± ±16.4
	60.7 ± ±16.5
	69.6 ± ±13.6
	0.003

	Charlson comorbidity index,b mean ± SDb
	7.7 ± ±3.9
	7.6 ± ±3.8
	10.1 ± ±4.5
	<0.001

	Body mass indexMI,, mean ± SD
	28.7 ± ±8.7
	28.7 ±8.8
	30.1 ± ±8.6
	0.380

	Inflammatory bowel diseaseBD, n (%)
	21 (6.6%)
	19 (7.1%)
	1 (3%)
	0.370

	Diabetes mellitus, n (%)
	133 (41.8%)
	108 (40.6%)
	17 (51.5%)
	0.230

	Chronic obstructive pulmonary diseaseOPD, n (%)
	156 (49.1%)
	129 (48.5%)
	20 (60.6%)
	0.190

	Chronic kidney diseaseKD, n (%)
	120 (37.7%)
	98 (36.8%)
	14 (42.4%)
	0.530

	Congestive heart failureHF, n (%)
	134 (42.1%)
	105 (39.5%)
	20 (60.6%)
	0.020

	Cerebral insult, n (%)
	108 (34%)
	88 (33.1%)
	15 (45.5%)
	0.160

	Liver disease, n (%)
	92 (28.9%)
	73 (27.4%)
	16 (48.5%)
	0.013

	Immunocompromised status N (%)
	49 (15.4%)
	41 (15.4%)
	6 (18.2%)
	0.680

	Anemia N (%)
	258 (81.1%)
	213 (80.1%)
	29 (87.9%)
	0.280

	Previous appendectomy N (%)
	47 (14.8%)
	41 (15.4%)
	3 (9.1%)
	0.330

	Transplant recipients N (%)
	28 (8.8%)
	26 (9.8%)
	2 (6.1%)
	0.490

	Total LOS, (day) Mmedian d [(IQR)]
	17.5 [(10-–29.3])
	17 [(10–-29.3])
	23 [(14.5–-28])
	0.840

	LOS after CDI, median d (IQR)Median [IQR]
	7 [(3–-15])
	7 [(3–-17])
	6 [(4–-12.5])
	0.220

	Recent hospitalization, past 90 days N (%)
	131 (41.2%)
	109 (41%)
	14 (42.4%)
	0.870

	Previous CDI N (%)
	27 (8.5%)
	22 (8.3%)
	4 (12.1%)
	0.460

	Highest WBC, mean ± SD
	13.3 ± ±8.9
	12.7 ± ±8.6
	16 ± ±11.3
	0.045

	Lowest albumin value, mean  ± ± SD
	2.5 ± ±0.53
	2.6 ± ±0.51
	2.2 ± ±0.64
	<0.001

	Cr Post-CDI/ premorbid ratioc, mean  ± ± SDc
	1.3 ± ±0.31
	1.3 ± ±0.25
	1.4 ± ±0.49
	0.004

	Proton-pump inhibitor use, past 90 days
	242 (76.1%)
	216 (81.2%)
	27 (81.8%)
	0.932

	Antibiotic exposure history, past 90 days N (%)
	
	
	
	

	
	Clindamycin
	11 (3.5%)
	10 (3.8%)
	1 (3%)
	0.830

	
	Fluoroquinolones
	119 (37.4%)
	105 (39.5%)
	6 (18.2%)
	0.017

	
	Cephalosporins
	152 (47.8%)
	129 (48.5%)
	15 (45.5%)
	0.740

	
	Piperacillin-tazobactam
	151 (47.5%)
	124 (46.6%)
	18 (54.5%)
	0.390

	
	Penicillins
	62 (19.5%)
	48 (18%)
	6 (18.2%)
	0.980

	
	Carbapenems
	44 (13.8%)
	34 (12.8%)
	9 (27.3%)
	0.025

	
	Doxycycline
	11 (3.5%)
	7 (2.6%)
	3 (9.1%)
	0.052

	
	Trimethoprim/ sulfamethoxazole
	53 (16.7%)
	44 (16.5%)
	6 (18.2%)
	0.810

	
	Other antibiotics
	103 (32.4%)
	87 (32.7%)
	12 (36.4%)
	0.670

	Duration of CDI treatment, median [(IQR])
	14 [(12–-18)]
	14.5 [(10–-19])
	8 [(4.5–-15])
	<0.001

	Metronidazole N (%)
	137 (43.1%)
	124 (46.6%)
	13 (39.4%)
	0.432

	Oral vancomycin N (%)
	114 (35.8%)
	108 (40.6%)
	6 (18.1%)
	0.012

	Metronidazole + oral vancomycin N (%)
	59 (18.6%)
	47 (17.7%)
	12 (36.4%)
	0.011

	ICU stay in previous 30 days N (%)
	168 (52.8%)
	130 (48.9%)
	24 (72.7%)
	0.010

	ICU transfer post- CDI N (%)
	18 (5.7%)
	12 (4.5%)
	6 (18.2%)
	0.002

	Hypotension/shock post- CDI N (%)
	25 (7.9%)
	14 (5.3%)
	10 (30.3%)
	<0.001

	Radiographic ileus N (%)
	34 (10.7%)
	28 (10.5%)
	5 (15.2%)
	0.420

	Infectious disease consultation for CDI N (%)
	134 (42.1%)
	106 (39.8%)
	19 (57.6%)
	0.052

	Concurrent non-CDI antibiotic use N (%)
	171 (53.8%)
	138 (51.9%)
	22 (66.7%)
	0.110

	Ct value, mean  ± ± SD
	32.9 ± ±4
	33 ± ±3.7
	31.5 ± ±2.5
	0.034

	Ct ≤ 34.1 N (%)
	203 (64%)
	176 (66.2%)
	27 (81.8%)
	0.067


Note. SD, standard deviation; IQR, interquartile range; CDI, Clostridioides difficile infection; LOS, length of stay; WBC, white blood cell; Cr, creatinine; ICU, intensive care unit.
a.a 299 had 30-day follow-up data available. Ct, cycle threshold.
bb. Charlson comorbidity index is age- adjusted. 
cc. Dialysis-dependent subjects were excluded.
BMI: body mass index, IBD: inflammatory bowel disease, COPD: chronic obstructive pulmonary disease, CKD: chronic kidney disease, CHF: congestive heart failure, LOS: length of stay, WBC: white blood cell, Cr: creatinine.

Table 2: . Multivariable Regression Analysis for 30-Day All-Cause Mortality
	Factor
	Odds Ratio (95% CI)
	P- Value

	Charlson comorbidity score
	1.2 ((95% CI: 1.07-–1.36)
	0.003

	Prior fluoroquinolones
	0.3 (95% CI: 0.19–-0.84)
	0.022

	Ct value
	0.83 (95% CI: 0.72–-0.96)
	0.012

	Maximum WBC
	1 (95% CI: 0.95– – 1.04)
	0.859

	Cr post- CDI/premorbid ratio
	1.82 (95% CI: 0.51–-6.52)
	0.357

	Minimum Albumin value
	0.29 (95% CI: 0.11–-0.73)
	0.009

	Hypotension/ shock
	3.94 (95% CI: 1.22–-12.67)
	0.021


Note. CI, confidence interval; WBC, white blood cell count; Cr, creatinine; CDI, Clostridioides difficile infection. Bold indicates statistical significance.



Table 3: . Clinical Characteristics of the Patients With 8-Week CDI Recurrence
	Characteristic
	No Recurrence (N=218/241a),
No. (%)a
	Recurrence in 
8- Weeks
(N=23/241a), 
No. (%)a
	p-P
Value

	Sex, mMale, N (%)
	119 (54.6%)
	7 (30.4%)
	0.027

	Age, (years), (Mmean y  ± ± SD) 
	59.7 ± 16.6
	62.1 ± 15
	0.520

	Charlson comorbidity,b mean  ± ± SDb
	7.4 ± 3.6
	8.1 ± 4.8
	0.390

	Inflammatory bowel disease N (%)
	14 (6.4%)
	3 (13%)
	0.240

	Chronic kidney diseaseKD N (%)
	74 (33.9%)
	12 (52.2%)
	0.083

	Congestive heart failureHF N (%)
	83 (38.1%)
	8 (34.8%)
	0.760

	Cerebral insult N (%)
	65 (29.8%)
	10 (43.5%)
	0.180

	Liver disease N (%)
	63 (28.9%)
	6 (26.1%)
	0.780

	Immunocompromised status N (%)
	33 (15.1%)
	6 (26.1%)
	0.180

	Anemia N (%)
	173 (79.4%)
	23 (100%)
	0.016

	Previous appendectomy N (%)
	35 (16.1%)
	3 (13%)
	0.710

	Total LOS (day) Mmedian d ([IQR)]
	17 [(9–-29])
	22 [(10-–40])
	0.310

	LOS after CDI, mMedian d [(IQR])
	6 [(3–-16.3])
	9 [(4-–23])
	0.870

	Recent hospitalization, past 90 days N (%)
	84 (38.5%)
	13 (56.5%)
	0.094

	Previous CDI N (%)
	16 (7.3%)
	4 (17.4%)
	0.097

	Highest WBC, (Mmean  ± ± SD)
	12.6 ± 8.4
	13 ± 9.2
	0.820

	Lowest Albumin value, mMean  ± ± SD
	2.6 ± 0.48
	2.6 ± 0.68
	0.990

	Cr Post-CDI/premorbid ratioc, mean  ± ± SDc
	1.3 ± 0.24
	1.4 ± 0.36
	0.036

	Proton-pump inhibitor use, past 90 days
	164 (75.2%)
	17 (74%)
	0.869

	Antibiotic exposure history, past 90 days N (%)
	
	
	

	Clindamycin
	9 (4.1%)
	1 (4.3%)
	0.960

	Fluoroquinolones
	87 (39.9%)
	8 (34.8%)
	0.630

	Cephalosporins
	104 (47.7%)
	9 (39.1%)
	0.430

	Piperacillin-tazobactam
	109 (50%)
	7 (30.4%)
	0.074

	Carbapenems
	27 (12.4%)
	2 (8.7%)
	0.600

	Trimethoprim/sulfamethoxazole
	35 (16.1%)
	8 (34.8%)
	0.026

	Duration of CDI treatment, mMedian d ( [IQR])
	15 [(14-–19])
	14 [(11-–17])
	0.270

	Metronidazole N (%)
	96 (44%)
	9 (39.1%)
	0.665

	Oral vancomycin N (%)
	84 (38.5%)
	9 (39.1%)
	0.946

	Metronidazole + oral vancomycin N (%)
	34 (15.6%)
	4 (17.4%)
	0.793

	Hypotension/shock post- CDI N (%)
	12 (5.5%)
	1 (4.3%)
	0.820

	Radiographic Ileus N (%)
	25 (11.5%)
	1 (4.3%)
	0.300

	Concurrent non-CDI antibiotic use N (%)
	120 (55%)
	10 (43.5%)
	0.290

	Ct value, Mean mean ± ± SD
	32.9 ± ±3.7
	31.9 ± ±2.9
	0.140

	Ct  34.1 N (%)
	218 (58.7%)
	19 (82.6%)
	0.033


Note. CDI, Clostridioides difficile infection; SD, standard deviation; IQR, interquartile range; LOS, length of stay; WBC, white blood cell; Cr, creatinine. Bold indicates statistical significance.
a. a241 had 8-week follow-up data available. 
b. bCharlson comorbidity is was age-adjusted. 
c cDialysis-dependent subjects were excluded.
IBD: inflammatory bowel disease, CKD: chronic kidney disease, CHF: congestive heart failure, LOS: length of stay, WBC: white blood cell, Cr: creatinine.

Table 4: . Multivariable Regression Analysis for 8-Week Recurrence
	Factor
	Odds Ratio (95% CI)
	P- Value

	Age > 65 years
	0.93 (95% CI: 0.35-–2.44)
	0.883

	Charlson co-morbidity score
	1.06 (95% CI: 0.93-–1.20)
	0.377

	Previous CDI
	2.92 (95% CI: 0.84–-10.12)
	0.092

	Ct value
	0.88 (95% CI: 0.77–-1.00)
	0.056

	Cr Post-CDI/ premorbid ratio
	6.52 (95% CI: 1.49–-28.6)
	0.013

	Prior fluoroquinolones
	0.73 (95% CI: 0.29–-1.87)
	0.513

	Concurrent non-CDI antibiotic use
	0.62 (95% CI: 0.25–-1.53)
	0.297


Note. CI, confidence interval; Cr,: creatinine; CDI, Clostridioides difficile infection. Bold indicates statistical significance.











