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Abstract

Objectives—Previous studies suggest that colonization with non-toxigenic Clostridium difficile 
may protect against toxigenic C. difficile infection (CDI), yet most of the studies were conducted 

in men. Therefore, we conducted a study to examine this hypothesis in both genders.

Methods—Patients (n=1492) were classified by disease status at baseline and observed for 1 

year. Cox proportional hazards regression was used to evaluate CDI rates within 8 weeks post-

baseline (short-term) and from 8 weeks to 1 year (long-term follow-up).

Results—During short-term follow-up, CDI rates were 5 times greater in females with non-

toxigenic Clostridium difficile compared to females without C. difficile (hazard ratio (HR) = 5.13; 

95% CI: 1.47–17.83). The comparable HR in males was 0.44 (95% CI: 0.04–4.43). During long 

term follow-up, CDI rates were similar in those with non-toxigenic C. difficile and those without 

C. difficile at baseline, for both females and males. Mortality rates were significantly lower for 

patients colonized by non-toxigenic C. difficile than those with toxigenic C. difficile at baseline, 

for both genders combined (HR=0.51; 95% CI: 0.28–0.92) and were similar to those with no C. 
difficile at baseline (HR=0.78; 95% CI: 0.43–1.41).

Conclusions—There were gender differences in the short-term risk of CDI. Mortality was 

similar for patients colonized with non-toxigenic C. difficile and patients without C. difficile.
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INTRODUCTION

Clostridium difficile infection (CDI) results from production of at least one of two toxins, 

TcdA and TcdB. A C. difficile isolate that does not produce at least one of these toxins is 

termed “non-toxigenic” and, in general, is not associated with disease [1]. Non-toxigenic C. 
difficile (NTCD) isolates have garnered attention for their capacity to colonize humans and 

potentially reduce the risk of CDI by competitively excluding toxigenic isolates in the 

gastrointestinal tract [2]. While several studies have investigated the protective effect of 

NTCD in hamsters [3–7], comparable evidence in human subjects is limited. A case report 

from 1987 found that administration of NTCD as a live culture resolved episodes of 

recurrent CDI in two patients [8]. In addition, a meta-analysis of four studies in which 

hospitalized patients were monitored with weekly rectal swabs demonstrated that 

asymptomatic colonization by C. difficile was associated with a lower rate of subsequent 

CDI (3.6% vs. 1.0%) [9]. Notably, 46% of the asymptomatically colonized patients carried 

NTCD, suggesting some of the benefit of colonization may have been related to NTCD. A 

more recent study also reported a protective effect of NTCD colonization against CDI 

among patients admitted to a Taiwanese hospital [10]. A phase I trial investigating NTCD as 

a therapeutic remedy for recurrent CDI revealed that NTCD was generally safe [11], and 

preliminary evidence from a phase II trial indicated a CDI recurrence rate of 11% in patients 

randomized to NTCD compared to 30% in the placebo group [12].

Most of the human studies regarding NTCD were conducted in male veteran populations [9] 

and information regarding possible outcomes in females is lacking. Moreover, there is recent 

evidence of horizontal gene transfer such that NTCD strains can be converted to toxin a 

producer [13], which has significant clinical implications regarding the feasibility of using 

NTCD as a preventive agent. With these findings in mind, we conducted a study to test the 

hypothesis that patients colonized with NTCD were protected against subsequent CDI 

compared to those patients without any C. difficile colonization.

MATERIALS AND METHODS

We conducted a longitudinal study within the University of Michigan Health System 

(UMHS), a large tertiary healthcare referral center. The study was approved by the 

University of Michigan Institutional Review Board. Study entry was from October 2010 to 

January 2013. Inpatients and outpatients who had C. difficile stool assays ordered by their 

physician for clinically indicated reasons (such as diarrhea) were potential subjects in the 

study. During the study entry period, all samples that tested positive in the clinical 

microbiology laboratory, and a random subset of samples that tested negative, were sent to 

our research laboratory. Positive samples were identified in the clinical laboratory by 

positive enzyme immunoassays for C. difficile glutamate dehydrogenase (GDH) and toxin or 

a positive GDH and PCR test for the presence of TcdB toxin gene. All stool samples were 

cultured anaerobically on taurocholate-cycloserine-cefoxitin-fructose agar (TCCFA) at 

37°C. Toxin status of C. difficile isolates were confirmed by PCR as previously reported 

[14,15]. The patients were classified into three groups: those whose stool culture did not 

yield C. difficile, those whose stool sample yielded NTCD, and those whose stool culture 

yielded a toxigenic C. difficile strain. In instances in which a mixed culture (toxigenic C. 
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difficile and NTCD) was obtained, the sample was excluded (n=1 sample). In instances in 

which duplicate stool samples existed from the same patient, only the first stool sample was 

included as the index sample. Our clinical microbiology laboratory also processes samples 

ordered by community physicians who do not use our electronic medical record; these 

samples were excluded from our study.

Patients were observed for 365 days from the initial date of stool collection by evaluating 

their medical records (both outpatient and inpatient visits). The primary outcome was 

toxigenic CDI determined by a positive C. difficile assay performed in the clinical 

microbiology laboratory as part of routine clinical care by treating healthcare providers 

(testing generally was performed for clinical suspicion for CDI). Since the transitory nature 

of NTCD colonization is not fully known, we considered outcomes during a shorter follow-

up period (within 8 weeks post-baseline) as well as during a longer follow-up period (>56 

days to 1 year post-baseline). The secondary outcome was all-cause mortality.

Patient characteristics at baseline were extracted from the electronic medical record within 

the UMHS through structured query or by two independent reviewers. These included age, 

gender, race, inpatient status at baseline, nursing home stay immediately prior to initial stool 

collection, Charlson-Deyo comorbidity score, number of hospital admissions during the 

previous 28 days, number of nights in the hospital during the previous 180 days, and number 

of prior positive C. difficile tests within the past year prior to baseline. Charlson-Deyo 

comorbidity scores were calculated as previously described [16,17]. These patient 

characteristics were selected as many of them have been shown to be predictive of CDI, 

severe CDI, or mortality in prior studies [18–23].

Patient characteristics were tabulated for the three clinical groups (no C. difficile, NTCD, 

and toxigenic C. difficile). One-way ANOVA was utilized to compare means across groups 

and Bartlett’s test was used to assess equality of variance. Chi-square testing was conducted 

to assess differences among categorical variables. Cox proportional hazards regression was 

used to model time-to-toxigenic C. difficile infection, with adjustment for patient 

characteristics (as listed above). Hazard ratios (HR) and 95% confidence intervals (CI) were 

calculated to compare hazards in patients who, at baseline, had NTCD, toxigenic C. difficile 
or no C. difficile. Censoring occurred at death or at 56 days (for the short-term analyses) or 

at 365 days post-baseline (for the longer-term analyses). Hazard models were stratified by 

inpatient status at baseline (yes/no) to allow for differing baseline hazard functions for 

inpatients versus outpatients. Post-diagnostic measures were used to assess underlying 

assumptions of proportionality (log-log plot, Kaplan-Meier and predicted survival plot), 

overall fit (Cox-Snell residuals), and outliers (deviance residuals). In secondary analyses, the 

risk of death during the 365 day follow-up period was examined by using Cox proportional 

hazards regression when adjusted for patient characteristics. Two-tailed alpha was set at 

0.05. Analyses were conducted in Stata/MP 13.1.

RESULTS

A total of 1492 patients met study eligibility. At baseline, 99 (7%) patients were colonized 

by NTCD, 710 (48%) patients had toxigenic C. difficile, and 683 (46%) patients were not 
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colonized by C. difficile. Patients were similar in age, gender, race and number of 

comorbidities (Table 1). Pediatric patients constituted 5.9% of the participants (age range, 3 

months to 17 years) and adult patients constituted 94.1% (age range, 18–97 years) (Figure 

1). While the mean ages were similar across the three patient groups, the variance was 

greater in patients with toxigenic C. difficile at baseline (p<0.001). Use of antibiotics and 

proton pump inhibitors were common (Table 1). Patients with toxigenic C. difficile at 

baseline were more likely to have had a nursing home stay and less likely to have been 

hospitalized at the time of study entry. Patients with no C. difficile at baseline were less 

likely to have had prior history of positive C. difficile tests.

Within the first 8 weeks after baseline, the incidence of CDI was recorded for those patients 

who were colonized by NTCD and those without C. difficile at baseline. (Table 2) shows the 

hazard ratios for the incidence of CDI during this time period when stratified by gender and 

adjusted for patient characteristics. After adjustment, females with NTCD colonization 

developed CDI at 5 times the rate as females without C. difficile at baseline (HR=5.13; 95% 

CI 1.47, 17.83). This same pattern was not seen in males; the point estimate in males was 

below the null, suggesting a protective effect (HR=0.44; 95% CI 0.04, 4.43) although the 

results were not statistically significant. The survivor functions were plotted by gender, as 

shown in (Figure 2). The proportion of females without CDI decreased significantly over the 

8 week period in those with NTCD at baseline. However, an opposite pattern was evident in 

males; the proportion of males without CDI appears highest in those with NTCD at baseline 

compared to those without any C. difficile at baseline.

Over the longer period of follow-up (8 weeks to 1 year), 104 individuals developed CDI (28 

without C. difficile at baseline, 5 with NTCD at baseline and 71 with toxigenic C. difficile at 

baseline). The regression results for this time period are shown in (Table 3), adjusted for 

patient characteristics. Patients with NTCD at baseline developed CDI at a similar rate to 

those without C. difficile at baseline (HR=1.14; 95% CI: 0.44, 2.96) and at a similar rate to 

those with toxigenic C. difficile at baseline (HR=0.43; 95% CI: 0.17, 1.06). This held true 

for both females and males. However, patients with toxigenic C. difficile at baseline were 

significantly more likely to develop CDI (i.e., relapse) when compared to patients without C. 
difficile at baseline (HR=2.32 in females and HR=3.61 in males).

Antibiotic usage during the follow-up period was assessed for the 3 baseline groups (no C. 
difficile, NTCD, toxigenic C. difficile). The hypothesis was that antibiotic use would be 

more prevalent in the 2-week period prior to the development of CDI (compared to the 2-

week period prior to the last follow-up date in those who did not develop CDI). The use of 

antibiotics was greater in those that developed CDI (17.8%) than in those who did not 

(4.2%). However, antibiotic usage was similar (p=0.515) across the 3 baseline groups for 

those who developed CDI and was similar (p=0.793) across the 3 groups for those who did 

not develop CDI.

Of the 1492 patients in the study, 265 (17.8%) died (from all causes) during the 365-day 

follow-up period; this included 133 (19%) of those with toxigenic C. difficile at baseline (71 

females and 62 males), 12 (12%) with NTCD at baseline (7 females and 5 males), and 120 

(18%) without C. difficile at baseline (57 females and 63 males). Patients with NTCD at 
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baseline had similar death rates as those with no C. difficile at baseline, for both females 

(HR=0.98; 95% CI: 0.45, 2.15) and males (HR=0.60; 95% CI: 0.24, 1.50) (Table 4). 

However, patients with NTCD at baseline had lower death rates than those with toxigenic C. 
difficile at baseline. The hazard ratio (HR=0.51; 95% CI: 0.28, 0.92) was statistically 

significant when data from both females and males were pooled. In addition, females with 

toxigenic C. difficile at baseline had a greater mortality rate than females with no C. difficile 
at baseline (HR=1.67; 95% CI: 1.15, 2.43).

DISCUSSION

This study suggests that there are different patient outcomes by gender after colonization 

with NTCD. Women tended to be at greater short-term risk of CDI when colonized by 

NTCD; this was not true in men. However, longer-term risk of CDI and death in those 

colonized by NTCD were similar in both genders. In addition, females with toxigenic C. 
difficile had significantly greater mortality rates compared to females with no C. difficile. 

The comparable hazard ratio in males was elevated but not statistically significant.

Population rates of CDI are higher in women than in men [24,25]. Sex-specific differences 

in the gut microbiome have been shown to be mediated by hormone levels, and transference 

of intestinal bacterial communities can alter sex hormone levels in animal studies [26,27]. 

Moreover, male castration attenuates these microbial differences suggesting that androgens 

may play a role [27]. Human studies have also reported sex differences in intestinal 

microbiota [28]. In a longitudinal study in humans, sex differences were present in three 

species of Clostridia, with higher abundance in males than females [29]. Clostridia species 

were also more abundant in males in another human study, with females showing 

significantly greater variability in gut microbial content [30]. However, relative abundance of 

toxigenic and non-toxigenic C. difficile was not reported.

In our study, females colonized by NTCD developed CDI at a greater rate than those without 

C. difficile. While the underlying reasons for this are not fully known, recent evidence 

indicates that not all NTCD strains are uniformly protective against specific toxigenic strains 

[31]. That is, NTCD strain T7 was shown to be less effective than M3 in preventing CDI 

caused by the B16 epidemic strain [31]. Therefore, the gender differences observed in our 

study may be a reflection of colonization and challenge by different C. difficile strains. 

There could also be other underlying factors that we were unable to capture within this 

study. Women are often caretakers (e.g., assistants in skilled nursing facilities and nurses in 

hospitals) and may have greater exposure to toxigenic C. difficile spores [32]. It is not 

known whether such activities were disproportionately experienced by women with NTCD 

versus those without C. difficile in our study.

Patients colonized with NTCD had similar mortality rates when compared to those without 

C. difficile at baseline, demonstrating that at minimum NTCD colonization is not associated 

with all-cause mortality. However, a larger investigation would be needed to substantiate 

these findings, given that there were 99 individuals colonized by NTCD in our study. In 

addition, toxigenic C. difficile at baseline was associated with increased mortality which 
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agrees with prior literature [33]. Age and increased comorbidity were predictors of mortality 

as well, which is in agreement with prior work [23].

There is currently more information regarding the prevalence of NTCD in patients 

hospitalized or residing in long-term care facilities than there is among community dwellers 

[1]. In a study of 294 infants in France, NTCD colonization was common, with 27% of 

females and 26% of males affected [34]. An investigation of 1234 healthy adults in Japan 

(ages 18–65 years) indicated a NTCD prevalence of 3% [35]. In the United Kingdom, a 

study of 149 elderly individuals living at home (of whom 80% were women) reported the 

prevalence of NTCD (without toxigenic strains) as 2% and the prevalence of mixed cultures 

as 0.7% [36]. In our study, 6.6% of the subjects had NTCD at baseline of whom 25% were 

outpatients, ranging from ages 1 to 90 years in males and from ages 5 to 93 years in females.

This study has several limitations. Because subjects were included on the basis of C. difficile 
testing, it is likely that most or all of them had signs or symptoms suggestive of CDI to a 

healthcare provider. As such, we might have selected a group of NTCD colonized patients 

who had different host characteristics than the truly asymptomatic NTCD colonized 

population at large. In fact, prior work has shown that hospitalized patients with diarrhea, 

but without CDI, have a systemic inflammatory response that was not seen in asymptomatic 

outpatient controls [37]. Larger studies of asymptomatic individuals may be informative to 

evaluate whether NTCD colonization affects the incidence of CDI in the population as a 

whole. Another limitation is that, during the course of the follow-up period, it is possible 

that some patients received medical treatment outside of our health system. We estimate that 

the overall likelihood of this was low and, if this occurred, we assumed that these were 

evenly distributed across the three patient groups. Lastly, prospective studies with close 

monitoring of C. difficile status and exposures over time would be preferable to our 

retrospective approach.

In conclusion, our results do not support the premise that NTCD colonization is uniformly 

protective against subsequent CDI. Short-term risk of CDI was greater in females colonized 

by NTCD. Long-term risk of CDI was similar in those with NTCD and those without C. 
difficile, in both genders. Future studies that delve deeper and more specifically into NTCD 

epidemiology are needed to close current knowledge gaps.
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Figure 1. 
Age Distributions of Patients by Status at Baseline and Gender.
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Figure 2. 
Cox Proportional Hazards Survival Curves for Toxigenic Clostridium difficile Infection 

within 8 Weeks by Gender and Baseline Status. The proportion of patients without toxigenic 

Clostridium difficile infection over time is shown.
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Table 1

Baseline Patient Characteristics.

Characteristics No C. difficile 
(n=672)

NonToxigenic C. 
difficile (n=97)

Toxigenic C. difficile 
(n=651) P-value

Age, years (mean, SD) 54.7 (18.6) 55.7 (22.3) 54.9 (23.2) 0.903

Female (n, %) 364 (54.2%) 51 (52.6%) 357 (54.8%) 0.907

Non-White (n, %) 115 (17.1%) 16 (16.5%) 130 (20.0%) 0.360

Inpatient at baseline (n, %) 555 (82.6%) 72 (74.2%) 400 (61.4%) <0.001

Nursing home (n, %) 7 (1.0%) 7 (7.2%) 78 (12.0%) <0.001

Charlson Deyo Score (mean, SD) 1.37 (1.60) 1.32 (1.49) 1.28 (1.53) 0.581

Antibiotics during past 2 weeks (n, %) 425 (62.2%) 54 (54.5%) 359 (50.6%) <0.001

Proton pump inhibitors during past 2 weeks (n, %) 323 (47.3%) 47 (47.5%) 228 (32.1%) <0.001

H2 receptor antagonists during past 2 weeks (n, %) 132 (19.3%) 19 (19.2%) 115 (16.2%) 0.292

Number admissions during previous 28 days:

0 577 (85.9%) 80 (82.5%) 552 (84.8%)

1 86 (12.8%) 14 (14.4%) 91 (14.0%)

2+ 9 (1.3%) 3 (3.1%) 8 (1.2%) 0.614

Number nights in hospital during previous 180 days 
(mean, SD) 12.6 (16.2) 13.6 (17.9) 10.6 (16.7) 0.042

Number prior positive C. difficile tests:

0 636 (94.6%) 80 (82.5%) 531 (81.6%)

1 29 (4.3%) 13 (13.4%) 97 (14.9%)

2+ 7 (1.0%) 4 (4.1%) 23 (3.5%) <0.001
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