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Introduction

Clostridioides difficile infection (CDI) has a national burden 
of 462,100 cases in 2017 according to the latest estimate 
from the US Centers for Disease Control and Prevention 
(CDC).1 The CDC also reported that the burden of recurrent 
CDI (rCDI) remained unchanged over the 7 years of obser-
vation, despite a decreasing trend in healthcare-associated 
CDI. The clinical burden of CDI has many facets, from pro-
longed hospital stay, increased risk of sepsis, and need for 
surgical intervention.2 Previous research has shown that sep-
tic shock complicated CDI in 34.7% of patients being 
mechanically ventilated.3 When managing severely ill 
patients with CDI, the need for colectomy may arise.4 While 
bowel surgery can save the lives of patients with severe CDI, 

the procedure carries significant risk of mortality.5 Taken 
together, the unmet needs of patients with CDI and rCDI 
remain high, but more precise information about the clinical 
burden is critically needed.
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Approximately 25% of patients with an initial CDI epi-
sode experience rCDI, and 40%–65% of patients with one 
recurrence will experience multiply-recurrent CDI (mrCDI; 
two or more recurrences).6,7 While there is significant knowl-
edge about the epidemiology and clinical manifestations of 
CDI, fewer clinical data exist from real-world analyses of 
CDI and rCDI complications of sepsis and bowel surgery, 
and the available data are not adequately generalizable to a 
broad US population.7–10 Furthermore, there is limited 
knowledge of the clinical burden of the rapidly growing 
patient subgroup with mrCDI.11,12

The objective of this study was to quantify clinical compli-
cations of sepsis and bowel surgery in real-world patients 
who suffered CDI and rCDI. The study analyzed a large com-
mercial healthcare claims database containing payment infor-
mation for patients who received care in a variety of healthcare 
settings such as inpatient hospitals, outpatient hospitals, clin-
ics, and pharmacies in the United States. Real-world analysis 
of cost and healthcare resource utilization in patients with 
CDI and rCDI was reported in a separate report.13

Methods

Study design

This longitudinal, retrospective study utilized real-world 
data from the PharMetrics PlusTM database (IQVIA; Durham, 
NC), which contains de-identified data from claims, enroll-
ment, and demographic information for more than 140 mil-
lion individuals with commercial insurance coverage 
throughout the United States, with data originating from 
over 90% of hospitals and over 90% of all US physicians.

Study population

Individuals included in the study were aged between 18 and 
64 years and had at least one inpatient visit with a diagnosis 
of CDI (Supplementary Table 1) or one outpatient visit with 
a CDI diagnosis code followed by an outpatient CDI treat-
ment. The requirement of an observable CDI treatment for 
an outpatient CDI visit ensured that follow-up visits would 
not be counted as a recurrence. Treatment was defined as an 
outpatient prescription for vancomycin, fidaxomicin, metro-
nidazole, rifaximin, or bezlotoxumab, or fecal microbiota 
transplant (FMT).

Index CDI episodes occurred between 1 January 2010 
and 30 June 2017, the latest data cutoff available at the time 
of the study (Figure 1). Only patients who were continuously 
enrolled and observable 6 months before and 12 months after 
the first date of the index CDI episode were included. The 
pre-index period was used to quantify pre-CDI healthcare 
exposure and to minimize the likelihood that the first CDI 
diagnosis was a recurrent episode, while the post-index 
requirement allowed sufficient time for observing recur-
rences as well as ensured accurate quantification of post-
index complications.

For this type of analysis, the beginning and end of CDI 
episodes must be clearly defined to capture the primary CDI 
event and the recurrences. A CDI episode started from the 
date of the index (first) CDI claim observed in the study time 
frame. Each CDI episode included consecutive medical 
claims with a CDI diagnosis and prescription medication 
fills that are common treatment for CDI. Medical claims 
included any inpatient and outpatient services with a CDI 
code. Each CDI episode would end after a 14-day CDI-
claim-free period was observed (Figure 1). An episode of 
rCDI was defined as a second or subsequent CDI episode, 
using the same criteria as above for the index CDI episode, 
within an 8-week window following the end of the previous 
CDI episode. This 8 week window has been used by the CDC 
to define recurrences.14 CDI events that occurred later than 
each 8-week window were not counted as recurrences and 
therefore were excluded in this analysis. mrCDI could occur 
after an index CDI event, up until 12 months following the 
index CDI date. The study population was stratified into 
mutually exclusive groups of patients with 0 rCDI (had pri-
mary CDI only), 1 rCDI, 2 rCDI, or 3+ rCDI.

Outcomes

Clinical complications were quantified for the 12-month 
period after an index CDI, for all study patients and by 
cohorts for number of rCDI episodes (0 rCDI, 1 rCDI, 2 
rCDI, or 3+ rCDI). Sepsis, subtotal colectomy, and diverting 
loop ileostomy were identified by a medical claim with rel-
evant codes (Supplementary Table 1). If there were multiple 
medical claims with sepsis diagnosis code, claims occurring 
with service dates within a 7-day period were grouped 
together as a single acute sepsis episode.

Data analysis

Patient characteristics and clinical complications for the 
cohorts were displayed using counts and percentages for cat-
egorical variables and measures of central tendency (mean 
(standard deviation—SD)) for continuous variables. 
Statistical analyses were conducted with SAS, version 9.3 
(SAS Institute, Inc., Cary, NC, USA).

Results

Demographic and baseline characteristics

A total of 46,571 patients with an index CDI episode were 
included: 3129 (6.7%) experienced one recurrence, 472 
(1.0%) had two recurrences, and 134 (0.3%) developed three 
or more recurrences (Table 1). The mean (SD) age was 47.4 
(12.7) years, and 62.4% were female (Table 1). The mean 
(SD) baseline Charlson comorbidity index (CCI) score, by 
increasing the rCDI group, was 1.2 (1.9), 1.5 (2.2), 1.8 (2.3), 
and 2.3 (2.5). Autoimmune diseases (such as ulcerative coli-
tis, Crohn’s disease, type 1 diabetes, rheumatoid arthritis, or 
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multiple sclerosis) were present in 18.1%, 23.1%, 24.6%, 
and 39.6% of patients, by increasing the rCDI cohort.

Pre-index healthcare exposures

During the 6-month baseline period, antibiotics were pre-
scribed for ⩾76% of patients in all groups (Table 1). Gastric 
acid–suppressing agents were prescribed, by increasing the 
rCDI cohort, for 27.9%, 32.9%, 39.0%, and 38.1% of 
patients. Gastrointestinal surgery or administration of chem-
otherapy was more frequently noted with higher rCDI 
cohorts during the baseline period. Baseline healthcare expo-
sure was generally highest for those in the 3+ rCDI group, 

with 86.6% having an outpatient hospital visit, 60.5% having 
⩾1 inpatient admission, and 57.5% having an ED visit 
within 6 months immediately preceding the index CDI epi-
sode (Table 1).

Treatment patterns

At the time of the study, standard of care for CDI treatment 
primarily involved the use of antibiotics, while FMT was 
used rarely. Across all index and rCDI episodes (n = 46,571), 
vancomycin was used to treat 16,215 (34.8%), metronidazole 
was used to treat 25,298 (54.3%), and fidaxomicin was used 
to treat 1738 (3.7%) of patients. For recurrences, vancomycin 

Table 1. Demographic and baseline characteristics.

No recurrence  
(n = 42,836)

1 recurrence  
(n = 3129)

2 recurrence  
(n = 472)

3+ recurrence  
(n = 134)

Age (years), mean (SD) 47.4 (12.7) 48.3 (12.8) 47.9 (13.0) 48.7 (11.5)
Female, n (%) 26,625 (62.2) 2036 (65.1) 319 (67.6) 82 (62.2)
Geographic region, n (%)
 Midwest 13,190 (30.8) 981 (31.4) 147 (31.1) 33.6 (45)
 Northeast 9741 (22.7) 786 (25.1) 133 (28.2) 42 (31.3)
 South 14,585 (34.1) 958 (30.6) 140 (29.7) 33 (24.6)
 West 4663 (10.9) 360 (11.5) 51 (10.8) 12 (9.0)
 Unknown 657 (1.5) 44 (1.4) –a –a

Type of benefit plan, n (%)
 PPO 32,990 (77.0) 2347 (75.0) 344 (72.9) 84 (62.7)
 HMO 6103 (14.3) 519 (16.6) 87 (18.4) 36 (26.9)
 CDHP 269 (0.6) 16 (0.5) –a –a

 Other 3266 (7.6) 233 (7.5) 34 (7.2) 12 (9.0)
 Unknown 208 (0.5) 14 (0.5) –a –a

CCI score, mean (SD) 1.15 (1.89) 1.54 (2.21) 1.83 (2.31) 2.29 (2.53)
Medications, n (%)
Gastric acid–suppressing agents 11,943 (27.9) 1028 (32.9) 184 (39.0) 51 (38.1)
 Antibiotics 33,411 (78.0) 2509 (80.2) 381 (80.7) 103 (76.9)
 Immunosuppressant agents 1423 (3.3) 134 (4.3) 33 (7.0) –a

Comorbid conditions, n (%)
 Autoimmune diseases 7745 (18.1) 723 (23.1) 116 (24.6) 53 (39.6)
 Ulcerative colitis 2326 (5.4) 238 (7.6) 39 (8.3) 21 (15.7)
 Crohn’s disease 1782 (4.2) 175 (5.6) 22 (4.7) 11 (8.2)
 Renal insufficiency 5618 (13.1) 571 (18.3) 105 (22.3) 36 (26.9)
 Current or history of smoking 5729 (13.4) 533 (17.0) 89 (18.9) 30 (22.4)
Medical procedures and treatments, n (%)
 Transplant 1338 (3.1) 126 (4.0) 31 (6.6) –a

 GI surgery 8498 (19.8) 792 (25.3) 138 (29.2) 49 (36.6)
 Enteral feeding 524 (1.2) 73 (2.3) 21 (4.5) –a

 Chemotherapy 8628 (20.1) 767 (24.5) 146 (30.9) 42 (31.3)
Healthcare exposure, n (%)
 Inpatient admission 13,938 (32.5) 1307 (41.8) 236 (50.0) 81 (60.5)
 Inpatient admission with ICU stay 1258 (2.9) 132 (4.2) 21 (4.5) 13 (9.7)
 Outpatient hospital visit 32,584 (76.1) 2576 (82.3) 404 (85.6) 116 (86.6)
 ED visit 19,534 (45.6) 1581 (50.5) 268 (56.8) 77 (57.5)

CCI: Charlson comorbidity index; ED: emergency department; GI: gastrointestinal; ICU: intensive care unit; SD: standard deviation; PPO: preferred 
provider organization; HMO: health maintenance organization; CDHP: consumer-driven health plan.
aFor patient privacy reasons and consistent with data reporting practices for the Centers for Medicare and Medicaid Services, data are not shown for 
cells in which the sample size was ⩽10.
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was the most commonly prescribed antibiotic used, with 55% 
receiving this with their first recurrence, 56% with their sec-
ond recurrence, and 60% with the third recurrence (Figure 2). 
As expected, metronidazole treatment rates were lower for 
recurrences versus primary CDI, particularly in patients with 
second or third recurrences (19% and 17%, respectively). 
Fidaxomicin was used to treat a minority of patients at each 
recurrence episode.

Few study patients (333/46,571; 0.72%) had FMT proce-
dures in the year after index episode. The proportion of 

patients who received FMT procedures was slightly higher 
during the later study years between 2014 and 2017 (0.89%) 
compared with 2010 and 2013 (0.54%). Among the 333 
patients who had FMT, 364 procedures were conducted, with 
27 patients having ⩾2 FMT procedures. More than half 
(55.6%) of the FMT procedures were performed in patients 
who had no recurrences (i.e. to treat the index CDI episode), 
corresponding to FMT being performed in 0.43% (185/42,836) 
of the cohort with no recurrence. The utilization of FMT 
increased with the number of recurrences experienced: 3.1% 
(97/3129) of patients with one recurrence, 8.1% (38/472) 
with two recurrences, and 9.7% (13/134) with three or more 
recurrences received FMT.

Post-index clinical complications

During the 12-month follow-up, sepsis occurred in 16.5%, 
27.3%, 33.1%, and 43.3% of patients by increasing the rCDI 
group. The proportion of patients who had two sepsis epi-
sodes during follow-up was highest for the 3+ rCDI cohort 
(Figure 3(a)). No patient had more than two sepsis episodes 
during the 12-month follow-up period. Likewise, subtotal 
colectomy or diverting loop ileostomy was performed in 
4.6%, 7.3%, 8.9%, and 10.5% of patients, respectively, dur-
ing the follow-up (Figure 3(b)).

Discussion

CDI and rCDI are associated with substantial patient and 
healthcare burden. Within our study, patients with mrCDI 

Figure 1. Study design: (a) the index CDI episode was followed by a 14-day claim-free period after last CDI claim and an 8-week 
period to identify rCDI and (b) the red star indicates a hypothetical point at which the first rCDI episode occurs during the 8-week 
window after the claim-free period. Following this first rCDI episode, a new 14-day claim-free period occurs plus a new window for a 
subsequent rCDI episode. Multiple rCDI could occur after an index CDI event in this manner, up until 12 months following the index 
CDI date.

Figure 2. Vancomycin was the most commonly prescribed 
antibiotic to treat the first, second, and third rCDI episodes, 
followed by metronidazole and then fidaxomicin.
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had high rates of all-cause sepsis and the need for surgical 
intervention via subtotal colectomy or diverting loop ileos-
tomy. Mirroring the high clinical burden of mrCDI seen in 
this analysis, patients with three or more recurrences also 
had the highest healthcare resource utilization and total, all-
cause, direct medical costs of all recurrence cohorts.13

During the 12-month follow-up, rates of sepsis were nota-
ble and highest for patients with three or more recurrences. 
Over 40% of patients with three or more recurrences went on 
to develop sepsis during the study period, and over 30% had 
two sepsis episodes. As there are few distinguishing factors 
for patients who suffer one versus multiple recurrences, the 
higher rate of sepsis in patients with more recurrences is 
likely due to this high-risk cohort having more opportunities 
to suffer such adverse outcomes.13 In a retrospective study 
performed at two large institutions, Falcone et al.15 demon-
strated that 18.3% of patients with CDI developed a blood-
stream infection (BSI) within 30 days following the CDI 
episode, most of whom were being treated for a CDI recur-
rence. Furthermore, the 30-day mortality rates for those with 

or without BSI were 38.9% versus 13.1% (p < 0.001), 
respectively.15 Ianiro et al.,16 reporting the results of a single-
center study of patients with rCDI, found a 22% rate of BSI 
after rCDI treatment with antibiotics, and a 90-day mortality 
rate of 52.5% for those who developed a BSI. Sepsis carries 
a significant economic burden, with a mean cost of over US 
$16,000 per hospitalization in the United States; sepsis cases 
not diagnosed until after admission and those with higher 
severity had a higher economic burden than average.17 
Among patients readmitted with rCDI in the State Inpatient 
Databases, there is a significant gap in reimbursement of 
almost US $8000 to US $18,000 for patients who present 
with rCDI and septicemia on admission.18 There are several 
theories regarding the pathophysiological basis for BSI in 
patients with CDI and rCDI. Most focus on disruption of the 
gut microbiota and/or a cellular inflammatory response, 
resulting from an impaired gut barrier function and immune 
response to CDI toxins.19,20 Regardless of mechanism, our 
study, which had longer follow-up than other studies, 
revealed that in a broad population of patients with CDI, 
16.5% of patients developed BSI and greater than 25% of 
those with one or more recurrence suffered this complica-
tion. We believe this indicates that the consequence of sep-
sis/BSI in patients with CDI might be more significant than 
previously thought when considered across a larger 
population.

The burden of colectomy was also apparent in the study 
population, with ~5% of those with no recurrences undergo-
ing the surgery and >10% of those with three or more recur-
rences. Other studies estimated colectomy rates of 
1.2%–8.7% in patients with CDI (initial and rCDI).12,21–23 In 
the National Hospital Discharge Survey, 1.3% of patients 
with CDI required a colectomy.24 Our colectomy data trended 
higher than previous reports, which may be related to the 
large cohort size, real-world nature of the data analyzed, the 
younger age of the population studied, a longer follow-up 
period, and/or a broader group of healthcare settings. 
Colectomies create a significant burden for the patient and 
the healthcare system. Colectomy to treat CDI is associated 
with a lengthy hospital stay, with a mean (SD) stay of 33 (28) 
days for those who survived to discharge.25 Colectomy is 
also a significant predictor of mortality following CDI (odds 
ratio: 3.14).24 The in-hospital mortality rate following colec-
tomy for CDI varies widely but is substantial, ranging from 
36% to 80%.25 Over 75% of those who have a colectomy for 
CDI suffer colectomy-related morbidity within 30 days, with 
65% of patients suffering serious complications.26 These 
post-operative complications underscore the patient’s bur-
den of CDI, especially those with mrCDI. The cost of a 
colectomy to treat rCDI is estimated at US $39,000 (2016 
dollars]).23 In patients readmitted for rCDI after a major 
operating room procedure, there is average reimbursement 
gap of US $20,000.18

Despite being a new therapeutic paradigm for rCDI, FMT 
use was observable during the study period. The use of FMT 

Figure 3. Rates of (a) sepsis and (b) subtotal colectomy or 
diverting loop ileostomy during the 12 months after index CDI, 
by recurrence cohort.
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for rCDI has gained momentum in recent years, with the 
enforcement discretion by the FDA and the advent of stool 
banks.27 FMT remained a rare observation in this claims data 
set, which may be attributable to FMT being considered a 
novel and relatively unknown management option during the 
study period, a lack of coverage for the procedure by health 
plans, cash payment for the procedure (which would not be 
captured by the database), or underreporting/miscoding of 
FMT procedures. A small number of patients (0.7% of the 
entire cohort) received FMT, with a slight increase in FMT 
rates with more recurrent episodes. Interestingly, the timing 
of FMT procedures was largely not in accordance with cur-
rent or prior guidelines, with most of our observed FMT pro-
cedures performed after the index CDI.4,28 An analysis from 
the Indiana University Hospital reported data from patients 
with severe and fulminant CDI who received FMT.29 The 
median number of prior CDI was 0, meaning that at least half 
of the 225 patients received FMT after their primary infec-
tion. Our data may reflect similar use pattern; however, this 
practice would be considered experimental and did not align 
well with available guideline recommendations at the time or 
currently.28,30 Additional research on the practice patterns of 
FMT is needed to evaluate appropriateness of use.

The recurrence rates seen in our study are somewhat 
lower than those reported in the literature.6,31 These lower 
rates are likely due to our study including a younger cohort 
(aged 18–64 years) than other studies, which are predomi-
nantly a population aged 65 years or older, the data source 
being solely an employer-covered population (which tends 
to be healthier on average than the entire adult population), 
in addition to the stringent criteria we used to identify rCDI 
cases, as detailed by literture13,31–33 To address the key objec-
tive of quantifying the occurrence of clinical complications, 
our study included patients who had a minimum of 18 months 
of continuous enrollment (6-month look back plus 12-month 
follow-up). This criterion excluded patients who disenrolled 
before 12-month follow-up, including patients who died or 
those who lost or changed health insurance for any reason, 
the reason for which the database does not disclose to protect 
patient’s privacy. Importantly, exclusion of patients who died 
during the study period after index CDI ensured that the 
study cohorts were sufficiently homogeneous, as the level 
and type of medical care provided to dying patients would 
have been distinctly different, potentially skewing the data 
and rendering it less valuable. The impact of these inclusion 
criteria is that, given the potential mortality consequence of 
CDI complications reported in the literature, this analysis 
may have underestimated the proportion of patients who 
developed sepsis or required colectomy. Claims data can be 
limited by the misclassification of medical conditions or by 
missing events/diagnoses. In this study, CDI was identified 
by diagnosis codes and CDI-related treatments and not by 
diagnostic test results, which may have resulted in random 
misclassifications. In addition, claims-related bias may have 
resulted in an underreporting of sepsis event counts (i.e. 

sepsis occurred during a hospitalization but was not coded). 
As this was a descriptive study and was not designed for 
hypothesis testing, we did not perform a sample size calcula-
tion a priori; the sample from the commercial claims data-
base resulting from the inclusion criteria was used for the 
analyses. Despite the potential limitations and underestima-
tions, we believe that our study provides a good cross-sec-
tional view of a broad population in the United States who 
experienced CDI and rCDI and resulted in a large population 
(~46,000) of individuals with CDI to describe. In addition, 
the incidence of CDI-related surgeries and sepsis was further 
detailed in cohorts stratified by rCDI group. The results may 
be generalized to adult populations younger than 65 years 
who remained with a healthcare system for at least 1 year 
after the primary CDI episode. Specifically, healthcare deci-
sion makers may use our findings to estimate the lower 
bound of the clinical burden of rCDI.

Conclusion

Our findings indicate that, among patients with more rCDI, 
there was a parallel trend for higher rates of colectomy and 
sepsis. These complications have been documented in previ-
ous studies to be associated with poor outcomes. Reduction 
in rCDI may be an important step to reduce the burden of 
serious clinical complications.
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