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ABSTRACT

Introduction: Up to 35% of patients with a first
episode of Clostridioides difficile infection (CDI)
develop recurrent CDI (rCDI), and of those, up
to 65% experience multiple recurrences. A sys-
tematic literature review (SLR) was conducted to
review and summarize the economic impact of
rCDI in the United States of America.

Methods: English-language publications
reporting real-world healthcare resource uti-
lization (HRU) and/or direct medical costs
associated with rCDI in the USA were searched
in MEDLINE, MEDLINE In-Process, Embase, and
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the Cochrane Library databases over the past
10 years (2012-2022), as well as in selected sci-
entific conferences that publish research on
rCDI and its economic burden over the past
3 years (2019-2022). HRU and costs identified
through the SLR were synthesized to estimate
annual rCDI-attributable direct medical costs to
inform the economic impact of rCDI from a US
third-party payer’s perspective.

Results: A total of 661 publications were
retrieved, and 31 of them met all selection cri-
teria. Substantial variability was found across
these publications in terms of data source,
patient population, sample size, definition of
rCDI, follow-up period, outcomes reported,
analytic approach, and methods to adjudicate
rCDI-attributable costs. Only one study repor-
ted rCDI-attributable costs over 12 months.
Synthesizing across the relevant publications
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using a component-based cost approach, the
per-patient per-year rCDl-attributable direct
medical cost was estimated to range from
$67,837 to $82,268.

Conclusions: While real-world studies on eco-
nomic impact of rCDI in the USA suggested a
high-cost burden, inconsistency in methodolo-
gies and results reporting warranted a compo-
nent-based cost synthesis approach to estimate
the annual medical cost burden of rCDI.
Utilizing available literature, we estimated the
average annual rCDI-attributable medical costs
to allow for consistent economic assessments of
rCDI and identify the budget impact on US

payers.

Keywords: Cost estimation; Healthcare
resource utilization; Medical costs; Recurrent
Clostridioides difficile  infection; Systematic
literature review

Key Summary Points

Why carry out this study?

Clostridioides difficile infection (CDI) is a
bacterial infection that may cause severe
diarrhea and colitis. Recurrence of CDI is
common, and older patients (> 65 years old)
are especially vulnerable, with infection
often leading to hospitalization and, in
advanced cases, sepsis, colectomy, or death.

High medical costs associated with tCDI in
the USA have been reported in the literature;
however, there has often been lack of
consistency in the methodologies used or
ways in which results are reported. With the
emergence of new therapies for rCDI,
establishing a benchmark medical cost
burden for this condition will set a
foundation for effectively evaluating the
impact of such therapies in the real world.

We conducted a systematic literature review
(SLR) on the economic burden associated
with rCDI with currently available therapies
to estimate the average annual per-patient
rCDI-attributable medical costs from a US
third-party payer’s perspective.

What was learned from this study?

Our SLR found considerable variability in
study design, population definition, and
reporting approaches for the medical cost
burden of tCDI in the USA with current
available treatments. The variability
prevented use of meta-analyses to
comprehensively assess the annual medical
cost per rCDI patient. Maximizing the
available data in the literature, we used a
component-based cost synthesis approach
and provided an estimated range of the
annual average per-patient rCDI-
attributable medical costs to a third-party
payer in the USA.

The cost estimation underscores the need for
more effective therapies to prevent rCDI,
improve rCDI-associated patient outcomes,
and reduce rCDI-associated costs.

INTRODUCTION

Clostridioides difficile infection (CDI) is charac-
terized by severe diarrhea and colitis. C. difficile
is an anaerobic gram-positive, spore-forming,
toxin-producing bacillus transmissible via the
fecal-oral route. CDI frequently occurs among
patients recently exposed to antibiotics. Its
spores are common in healthcare facilities and
are also found in the environment and the food
supply [1]. Older adults (aged 65 years or older)
are especially vulnerable to CDI. With an esti-
mated median age of diagnosis at 71 years, older
adult patients have an estimated 5.7-fold higher
incidence rate of CDI infection than patients
younger than 65 years [2, 3]. Standard treat-
ment typically involves antibiotic therapy such
as oral vancomycin or fidaxomicin for an initial
episode of CDI [4]. Recurrent CDI (rCDI)
remains common with currently available
therapies. It is estimated that more than 35% of
patients treated for an initial episode of CDI will
have a rCDI, and approximately 65% of patients
with an initial rCDI will experience subsequent
recurrences [5-7].
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The economic burden associated with rCDI
is substantial due to the frequent need for hos-
pitalizations, including treatment for sepsis,
post-acute care, and in some more extreme
cases, surgical interventions, including colec-
tomy [8]. Moreover, rCDI-associated mortality
is high, especially among older patients [9]. To
address this high, unmet medical need, novel
therapies are emerging for preventing rCDI [10].
With the expected availability of new treatment
options for patients with rCDI, it is critical to
establish a benchmark medical cost estimation
for this condition, as it will provide an evi-
dence-based foundation for effectively assessing
the potential economic impact of these emerg-
ing rCDI therapies in the real-world clinical
practice setting. We conducted a systematic
literature review (SLR) on the economic burden
associated with rCDI with currently available
therapies to provide an estimate of the average
annual per-patient rCDI-attributable medical
costs from a US third-party payer’s perspective.

METHODS

Literature Search

Real-world studies published in English report-
ing the healthcare resource utilization (HRU) or
direct medical costs of adult patients with rCDI
in the USA were identified following the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines [11].
The search was conducted in April 2022 in
MEDLINE, MEDLINE In-Process, Embase, and
the Cochrane Library databases, and in selected
scientific conferences that publish research on
rCDI and its economic burden. Seven scientific
conferences were also included: Academy of
Managed Care Pharmacy (AMCP), International
Society for Pharmacoeconomics and Outcomes
Research (ISPOR), Digestive Disease Week
(DDW), Infectious Disease Week (IDWeek),
United European Gastroenterology Week (UEG
Week), American College of Gastroenterology
(ACG), and Making a Difference in Infectious
Diseases Annual Meeting (MAD-ID). The search
included studies published over the past
10 years between January 1, 2012-April 13,

2022; conferences were searched for the past
3years from 2019 through 2022. The search
strategy and screening of studies followed the
population, interventions, comparisons, out-
comes, and study (PICOS) designs approach, as
recommended by the Centre for Reviews and
Disseminations (CRD) review guidelines
(Table 1) [12].

Included studies were required to report at
least one type of HRU (e.g., hospitalization,
readmissions, intensive care unit (ICU) visits,
emergency department (ED) visits, post-acute
care, outpatient visits, stool tests, colectomy,
ileostomy reversal, or terminal care), or a direct
cost component for any of these HRU items, in
the intended patient population. The search
focused on real-world cohort studies (retro-
spective) to reflect costs that are relevant to
payers. Studies that did not report primary data
on HRU or direct medical costs, and those not
conducted in real-world settings (e.g., economic
models, clinical trials, case reports, case series)
were excluded. The full search strategy is
detailed in Appendix Table 1. This study is
based upon published literature and does not
contain any new studies involving human par-
ticipants or animals.

Publication Screening

All articles identified from the search were
screened using a two-stage process. In stage one,
all articles were screened based on their title and
abstract. In stage two, those meeting the inclu-
sion criteria were screened based on their full
text using the same eligibility criteria as in stage
one. To ensure accuracy, the screening of both
publications and conference proceedings was
conducted by two reviewers independently.
Discrepancies were resolved through discussion
between the two reviewers or by a third
reviewer. Publications that satisfied all selection
criteria were included for data extraction.

Medical Cost Data Extraction

Extracted data included publication year, study
type (e.g., claims database analysis, chart re-
view), data source (e.g., survey, claims,
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electronic health record [13], methods, patient
population, availability of data on specific rCDI
populations (e.g., patients with first rCDI, with
second or third rCDI), sample size by subgroup,
cost year, duration of follow-up, and year(s) for
reported outcomes. Availability of HRU out-
comes and costs was summarized, and it was
noted whether they were all-cause or
attributable to rCDI.

Patient characteristics, prior treatments, and
risk factors for rCDI, key comorbidities (e.g.,
heart failure, renal insufficiency, inflammatory
bowel disease, diabetes, cardiovascular disease)
were extracted. HRU prior to rCDI, and all-cause
and rCDI-attributable per-patient per-year costs
and HRU were extracted from all publications
meeting the SLR criteria. Costs were adjusted for
inflation to 2022 USD using the medical com-
ponent of the Consumer Price Index (CPI). To
describe the available data, minimum and
maximum all-cause and rCDI-attributable HRU
and cost values were summarized for each given
HRU category (i.e., hospitalizations, ICU visits,
post-acute care, ED visits, or outpatient visits)
with an annual time horizon.

Component-based Cost Synthesis
for Annual rCDI-attributable Medical Cost

A meta-analysis of the SLR findings was con-
sidered to estimate per-patient per-year rCDI-
attributable medical costs. However, substantial
heterogeneity in the methods and characteris-
tics of the populations across the publications
made a meta-analysis infeasible. We therefore
estimated  per-patient  per-year rCDI-at-
tributable medical costs using a component-
based cost synthesis approach. With this
approach, available data are maximized for
establishing the estimation in a transparent
manner. Furthermore, this approach confers the
ability to identify cost drivers and conduct
sensitivity analyses to assess the impact of a
specific HRU or cost component included in the
estimation. This methodology is also adapt-
able to incorporate new evidence, when avail-
able, to provide the most up-to-date estimate.
The key components considered in the cost
synthesis analysis were rCDI-

attributable hospitalizations, ICU visits, post-
acute care (receipt of care post-hospital dis-
charge in a non-acute healthcare facility [i.e.,
rehabilitation center, long-term care facility,
skill nursing facility]), ED visits, outpatient vis-
its, stool tests, colectomy, and ileostomy rever-
sal. Given that death events are observed in
these patients, rates of negative rCDI-at-
tributable outcomes (i.e., need for terminal care,
and mortality rate) and associated costs were
also identified. Since the objective of the study
was to estimate the average annual per-patient
rCDI-attributable medical costs from a US third-
party payer’s perspective, the components of
the cost-based cost synthesis analysis (i.e.,
annual utilization rates for each HRU category
and associated unit costs) were extracted from
the publications identified in the SLR with a
> 6-month duration of follow-up. In instances
where data on HRU or costs from a single pub-
lication reported results separately for sub-
groups of patients by number of rCDI
recurrences (e.g., patients with one rCDI,
patients with two rCDIs) along with the sample
sizes of each subgroup, weighted averages based
on sample size distribution of the subgroups
were calculated. When a range of utilization
rates and/or unit costs were available for a given
component, all values were considered to best
inform the input(s) for the cost synthesis anal-
ysis. The minimum and maximum cost esti-
mates for each HRU component were summed,
respectively, to provide a range of rCDI-at-
tributable annual per-patient total medical
costs. A supplemental targeted search was con-
ducted to provide data when cost elements were
not available from the publications identified in
the SLR, for example, ICU-day unit cost, cost of
terminal care, etc. For such instances, PubMed,
Google Scholar, and HCUPnet were searched to
inform the value components.

As the objective was to estimate the average
annual per-patient rCDI-attributable medical
costs from a US third-party payer’s perspective,
the base case cost calculation utilized data from
publications reporting estimates with a
12-month follow-up period. This threshold was
selected to ensure proper extrapolation of the
annual outcomes, HRU, and costs associated
with rCDI. To test the robustness of the
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synthesized annual cost estimation for rCDI,
sensitivity analyses were performed using addi-
tional values for the key cost drivers that were
not considered in the base case evaluation.
Specifically, the sensitivity analyses used data
from publications that met all other require-
ments except for having a shorter follow-up
period than 6 months. As such, publications
used in the sensitivity analyses reported rele-
vant HRU or cost results and had a duration of
follow-up from 90 days to less than 6 months.
Relevant HRU and costs inputs were annualized
as appropriate. The sensitivity analysis values
were individually tested in the cost component
calculation while keeping all other base case
inputs constant.

RESULTS

A total of 661 publications were identified for
stage one screening (see PRISMA diagram,
Fig. 1). Screening of titles and abstracts resulted
in a total of 221 relevant articles. From the stage
two (full-text) screening, a total of 31 publica-
tions were included for data extraction
(Table 2).

Study Characteristics of All Included
Publications

The 31 publications identified for data extrac-
tion have substantial variability in terms of data
source, studied populations, sample size, defi-
nition of rCDI, follow-up period, outcomes
reported, analytic approach, and methods to
adjudicate rCDI-attributable (Table 2). Studies
include analyses of claims databases (9/31)
[14-22], national hospital databases (4/31)
[23-26], multi-center EHRs (5/31) [13, 27-30],
single-center EHRs (10/31) [31-40], and survey/
chart review studies (3/31) [41-43] (Table 2).The
reported subgroups by number of recurrences
were 18 studies on first rCDI, 9 on second rCDI,
and 10 on third or greater rCDI. Sample size for
subgroups by number of recurrences ranged
from 13 (Sadeghi etal. 2022b, rCDI—fourth
recurrence with prior CDI admission) to
354,009 patients (Kruger et al. 2019, rCDI—any
recurrence without cirrhosis).

Definitions for rCDI also varied. For exam-
ple, Rodrigues et al. 2017, a single-center EHR
study with a literature review for cost inputs,
performed a manual chart review for patients
who had at least three International Classifica-
tion of Diseases, 9th edition (ICD-9) codes for
CDI and at least two prescriptions for oral van-
comycin to confirm an rCDI diagnosis through
physician adjudication; this yielded a cohort of
patients with at least two episodes of CDI with
the second infection occurring within 56 days
after the end of treatment for the index infec-
tion [31]. Feuerstadt et al. 2020 was a claims
database analysis of the IQVIA PharMetrics Plus
database that defined two episodes of CDI as at
least one inpatient claim with an ICD-9 code for
CDI or one outpatient medical claim with an
ICD-9 code for CDI plus a CDI treatment, with
the second episode occurring within an 8-week
(56 days) window following a 14-day claim-free
period after end of treatment for the index CDI
episode [20]. Zhang et al. (2018) was a claims
database analysis of MarketScan data that
defined an episode of CDI as any claim with at
least one ICD-9 code for CDI and defined
recurrences as any CDI episodes that occurred
within 84 days (12 weeks) of the previous epi-
sode [19]. Other studies met the inclusion cri-
teria for the study and are included in Table 2
but did not meet the criteria for the cost cal-
culations [28, 36, 41].

In terms of duration of follow-up, eight
reported annual cost and/or HRU
[14, 18, 20-22, 27, 31, 37]. Among these, six
reported for populations with first tCDI, five
with second rCDI, and six with third or greater
rCDI. Four of them reported both annual cost
and HRU. However, only Rodrigues et al. 2017
reported rCDI-attributable costs, while the oth-
ers reported all-cause costs only. Two studies
reported 6-month estimates; one was by Dub-
berke et al. 2014, which was a single-center EHR
study and included patients with any recur-
rence, and the other was by Zhang et al. 2018,
which was a MarketScan analysis and included
patients with first rCDI only [19, 33]. The
remaining studies reported costs and/or HRU
over shorter time periods, including over the
course of one hospitalization, 1 month, or
3 months (Table 2).
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Table 1 PICOS inclusion and exclusion criteria for studies in the SLR

Criteria Inclusion criteria Exclusion criteria
Population Adult patients with rCDI in the USA Study not including the patient population
specified
Intervention  Any [e.g., standard of care antibiotics (e.g., N/A
and vancomycin taper-pulse, fidaxomicin)]
comparators
Outcomes Studies reporting at least one of the following HRU Any study not including the outcomes specified

OR cost outcomes
HRU of patients with rCDI (e.g., rates per year):
Hospitalization
Readmissions
ICU
ED visit
Post-acute care—including a skilled nursing
facility, inpatient rehabilitation facility, or long-
term acute care hospital or services provided by a

home health agency
Outpatient visit
Stool test
Colectomy
Ileostomy reversal
Terminal care

Direct healthcare costs to US third-party payers
(e.g» Medicare, commercial insurers) incurred by

patients with rCDI:

Direct healthcare costs associated with the above

items

Studies will be selected for inclusion based on

availability of the outcomes listed above

Study design ~ Observational studies (e.g., prospective study, Non-real-world evidence (e.g., clinical trials,
case—control study, case series), retrospective editorials, letters, comments, economic models
studies (e.g., claims analyses, EMR studies, registry [cost—utility analysis, cost-effectiveness analysis,
studies) cost—consequence analysis; cost—benefit analysis;

cost minimization analysis; other economic
models]); case reports of individual patients;

SLRs, meta—analyses, article reviews

Other Studies published in English USA setting Studies not published in English; studies not set in
the USA
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Table 1 continued

Criteria Inclusion criteria

Exclusion criteria

Time period
(20 1 2—2022)

Studies published within the last 10 years

Studies published prior to the time period of

interest

ED emergency department, EMR electronic medical record, HRU healthcare resource utilization, JCU intensive care unit,

rCDI recurrent Clostridioides difficile infection, SLR systematic literature review

Study Characteristics of Publications
Reporting Annual or Semi-annual
Estimates

Across the eight publications reporting annual
estimates, there were substantial variations in
population characteristics (Table 3). The mean
age ranged from 47.9 years (Feuerstadt etal.
2020) to 78.3 years (Nelson etal. 2021 and
Feuerstadt etal. 2022). Percentage of female
patients ranged from 54.3% (Tariq et al. 2021)
to 69.1% (Feuerstadt et al. 2022) [14, 20, 22, 37].
Insurance or medical networks included in
these patient populations were Kaiser Perma-
nente (Kuntz 2017), Medicare (Nelson 2021),
Partners Healthcare Network (Rodrigues 2017),
and commercial insurance (Feuerstadt 2020)
[20, 22, 27, 31].

Variations in underlying health conditions
were demonstrated as measured by Charlson
Comorbidity Index (CCIL; mean CCI scores:1.5
[Feuerstadt et al. 2021] to 8.6 [Rodrigues et al.
2017] [21, 31]), but not all studies reported
comorbidities. History of heart failure was high
and was reported in two studies using the same
source, Medicare fee-for-service claims data at
43.5% to 45.3% (Nelson et al. 2021 and Feuer-
stadt etal. 2022); history of renal disease/in-
sufficiency ranged from 18.3% (Feuerstadt et al.
2020 and Feuerstadt et al. 2021) to 43.2% (Nel-
son etal. 2021 and Feuerstadt etal. 2022)
[14, 20-22]. Other common comorbidities
included cancer, cardiovascular disease, pul-
monary disease, and immunocompromised
status [19].

The majority of studies reported that
patients had antibiotic treatment prior to rCDI
(76.9% |[Feuerstadt etal. 2020 and Feuerstadt

etal. 2021, third or greater rCDI] to 89.8%
[Nelson et al. 2021 and Feuerstadt etal. 2022,
third or greater rCDI]) [14, 20-22]. HRU prior to
rCDI was commonly reported as inpatient
admission, outpatient visit, and ED visit, and
varied greatly depending on patient population
(Table 3). In Zhang et al. 2018, prior antibiotic
use was reported in 66.5% [19].

HRU and Cost Publications Reporting
Annual or Semi-annual Estimates

All-cause per-patient per-year HRU varied
widely among four studies reporting annual
estimates (Table 4). Studies reported hospital-
ization ranging from 1.1 visits with associated
cumulative length of stay (LOS) of 8.4 days
(Kuntz et al. 2017, first rCDI) to 5.8 visits with
associated mean LOS of 8.5 days per hospital-
ization (Feuerstadt et al. 2020, third or greater
rCDI). Only Kuntz et al. 2017 reported all-cause
ICU admissions and estimated a mean of
0.9 days per-patient among patients with first
rCDI [27]. The proportion of patients receiving
care in a post-acute setting ranged from 69.8%
(Nelson etal. 2021, third or greater tCDI) to
74.6% (Nelson etal. 2021, first rCDI) [22].
Moreover, the mean number of ED visits per-
patient per-year ranged from 1.4 (Nelson et al.
2021, first rCDI) to 4.6 visits (Feuerstadt et al.
2020, third or greater rCDI) [20, 22]. The num-
ber of outpatient visits ranged from 15.4
(Rodrigues et al. 2017, any rCDI) to 26.3 visits
(Nelson et al. 2021, third or greater rCDI) per-
patient per-year [22, 31]. Only one study,
Rodrigues etal. 2017, reported rCDI-at-
tributable HRU of hospitalization visits, LOS,
ICU days, ED wvisits, and outpatient visits
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)

SLR

Date of search: April 13, 2022

Total records identified (n= 661) through OVID search
(n=639), selected conferences (n= 18), and manual search (n=4)

Identification

[

)

Records screened for level 1 title/abstract
screening (n=661)

Reasons for exclusion!
- Non-US (2=152)

- Population (n=95)
- Outcomes (n=4)

Records excluded (n= 440).

- Study design (n=189)

Screening

Records screened for level 2 full-text
screening (n = 221)

- Non-US (n=23)

- Study design (n=16)
- Population (n=108)
- Outcomes (n=27)

Records excluded, with reasons (n= 174)!)

i Conference records excluded (n=16) due to encore presentations or duplicates, withdrawn, or outcomes

Total studies included (n = 31)

Inclusion

-

Fig. 1 PRISMA diagram. UThe following hierarchy was
applied to the exclusion criteria: (1) non-USA based, (2)
study design, (3) population, (4) outcomes (e.g, if a study
is both USA based and not the eligible study design, the

(Table 4) [31]. Of the two studies reporting semi-
annual estimates, only Zhang et al. 2018 repot-
ted HRU [19]. This study reported an average of
9.3 cumulative hospitalized days for a rCDI
cohort and 7.3 days for a matched primary CDI
cohort, leading to 2.0 rCDI-attributable hospi-
talizations days incremental over primary CDI.
Total all-cause per-patient per-year costs
varied widely in two studies of patients with any
rCDI (Table 5). When inflation-adjusted to 2022
USD, estimates ranged from $93,979 (Nelson
etal. 2021, second rCDI) to $231,149 (Feuer-
stadt etal. 2020, third or greater rCDI). Only
one study, Rodrigues et al. 2017, reported rCDI-
attributable total costs for the any-rCDI popu-
lation: $39,668 per-patient per-year [31].
Among the studies reporting semi-annual
estimates, rCDI-attributable hospitalization
costs incremental over primary CDI ranged

reason for exclusion is “USA based”). PRISMA Preferred
Reporting Items for Systematic Reviews and Meta-analyses,
SLR systematic literature review

from $12,061 (Zhang et al. 2018, first rCDI) to
$16,150 (Dubberke et al. 2014, any rCDI) when
inflation-adjusted to 2022 USD [19, 33]. Among
these studies only Zhang et al. 2018 reported a
total rCDI-attributable cost incremental over
primary CDI of $13,109.

Estimated Annual rCDI-
attributable Medical Cost—Base-Case
Estimate

To estimate the average annual total rCDI-at-
tributable medical cost, we calculated each
component cost of rCDI-attributable HRU based
on literature in the SLR, as well as those from
the supplemental search for hospitalization stay
unit cost per day, ICU unit cost per day, post-
acute care cost, outpatient visit unit cost,
ileostomy reversal unit cost and rate, terminal
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Table 6 continued

Sources!!

HRU input
option(s)

Cost input
option(s)

Total costs

Cost categories

Max-Average annual cost with

Min-Average annual cost with

max input values

min input values

Cost (A): general-Byhoff 2016
Cost (B): rCDI-Amin 2022b
HRU (A): rCDI-Olsen 2019

10.9% annual

$53,333 (A)
$29,565 (B)

$10,142

$2668

Terminal

rate (A)

care/mortality

9.0% annual

HRU (B): rCDI-Amin 2022b

rate (B)

34.3% annual

HRU (C): all-cause-Amin 2022b

rate (C)

$82,268

$67,837

Total costs

[1] »CDI and general indicate whether the study was conducted in an rCDI or a general population. All-cause indicates all-cause HRU

care unit cost for end of life care, and mortality
rate [44-50]. Rodrigues et al. 2017 was the only
study reporting annual rCDI-attributable HRU
and provided estimates of HRU components
that are relevant for a payer [31]. It was used to
inform the following HRU components in the
base case cost calculation: rCDI-related hospi-
talizations and associated LOS (1.6 mean rCDI-
related hospitalizations per patient x 15.8
mean LOS = 25.3 total days/year), rCDI-related
ICU LOS (0.2 days/year), rCDI-related ED visits
(0.1 visits/year), rCDI-related outpatient visits
(2.2 visits/year), and rCDI-related stool tests (4.4
tests/year) per patient. [44-50]. The HRU esti-
mates post-acute care was 21.1 days/year (Nel-
son etal. 2021 and Rodrigues etal. 2017);
mortality rates included 11.0%, 9.0%, and
34.3% (Olsen et al. 2019 and Amin et al. 2022b);
the colectomy rate ranged from 7.3% and 6.0%
(Feuerstadt etal. 2021 and Feuerstadt et al.
2022); and the ileostomy reversal rate was 7.1%
(Feuerstadt etal. 2021 and Neal etal. 2011)
[14, 17, 21, 22, 31, 48, 50]. Table 6 includes the
detailed HRU estimates used in the cost esti-
mation. Unit costs for post-acute care
($562/day) and ED visits ($1,004/visit) as well as
the lower bound colectomy rate (6.0%) were
calculated as weighted averages based on results
reported for the subgroups of patients 1, 2, and
3 4+ 1CDI from Nelson etal. 2021 and Feuer-
stadt et al. 2022, respectively [14, 22].

The per-patient per-year rCDI
attributable direct medical cost, estimated from
the component-based cost synthesis approach,
ranged from $67,837-$82,268 (Table 6). The
cost drivers in order from largest to smallest
were hospitalizations (62.7-66.8%), post-acute
care (14.4-17.5%), colectomy and ileostomy
reversals (8.4-9.2%), terminal care/morality
(3.9-12.3%), ICU (1.1-1.4%), outpatient visits
(0.6-0.7%), stool tests (0.3-0.4%), and ED visits
(0.1-0.2%).

HRU and Cost Publications Informing
Sensitivity Analyses

As rCDl-attributable hospitalization cost per
year was the largest driver of the base case total
cost calculation (approximately two-thirds),
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alternative values for hospitalization parameters
were tested as sensitivity analyses. Four publi-
cations were identified that had 90-day or
longer follow-up, included relevant HRU or cost
data, and were conducted in a study population
that could potentially be generalized to a wider
rCDI population. Two of these publications
(Aitken et al. 2014 and Zhang et al. 2018) were
excluded due to potential bias in estimating
rCDI-attributable hospitalization LOS or cost for
the given study design or data source (Appen-
dix 1) [19, 34].

Shah etal. 2016 and Dubberke etal. 2014
were included in the sensitivity analyses
[33, 40]. Shah etal. 2016 was a prospective,
single-center cohort study including of 540
adult patients (aged > 18 years) who were hos-
pitalized for CDI at a tertiary care hospital in
Houston, Texas between 2007 and 2013 [40].
Patients were followed for 3 months to assess
1CDI episodes, with HRU data prospectively
obtained from patients’ online medical
chart and/or by direct patient interview. rCDI-
attributable hospitalization was defined as CDI
diagnosis within 72 h of admission. Costs were
estimated based on publicly available Health-
care Cost and Utilization Project data; however,
the methods are not clearly reported, so only
HRU results were considered for the sensitivity
analysis. Over 3 months, 95 (17.6%) patients
(mean age: 66 years) experienced 101 rCDI epi-
sodes, for which 38 patients (40.0%) had an
rCDI-attributable hospitalization. The median
LOS attributable to tCDI was 15 days.

Dubberke etal. 2014 was a retrospective,
single-center cohort study of data from an aca-
demic tertiary care facility in St. Louis, Missouri,
among 3958 adult patients (aged > 18 years)
hospitalized with a CDI episode from 2003
through 2009 [33]. Patients were followed for
180 days from the end of the hospitalization or
end of antibiotic treatment (whichever occurred
later). Data were collected from hospital
administrative databases with supplemental
data from chart review. Zero-inflated lognormal
models were used to assess 1CDl-at-
tributable hospitalization costs of patients with
rCDI versus those without a recurrence. Over
180 days, 421 (10.6%) patients experienced an
rCDI episode (mean age for rCDI patients was

not reported; overall population age quartiles
were reported as 24.1% under 49 years, 26.0%
49- < 62 years, 24.5% 62-<74years, and
25.3% > 74 years). The study estimated an
rCDI-attributable  hospitalization cost of
$11,631 in 2010 USD (95% confidence interval,
$8937-$14,588).

Estimated Average Annual rCDI-
attributable Medical Cost—Sensitivity
Analyses

Sensitivity analysis 1 (Shah etal. 2016) incor-
porates an alternative LOS input reported for
admissions attributable to rCDI over 3 months
[40]. To calculate the sensitivity analysis input,
the median reported LOS value of 15 days was
annualized to 60 days. A weighted average was
then calculated to determine the LOS for the
overall population, conducted among those
who had an rCDI-attributable hospitalization
and those who did not (LOS of Odays). The
weights used the number of patients who had
an rCDI-attributable hospitalization and those
who did not (38 patients with and 57 without).
The resulting sensitivity analysis LOS input was
24 days. Sensitivity analysis 1 yielded a total
result of a $65,543-$79,658 per-patient per-year
rCDI-attributable direct medical cost.
Sensitivity analysis 2 (Dubberke et al. 2014)
uses an alternative rCDI-attributable hospital-
ization cost input. The 180-day rCDI-at-
tributable hospitalization cost relative to
primary CDI reported in Dubberke et al. 2014
was $32,770 when inflation-adjusted to 2022
USD and annualized [33]. Using this alternative
cost input in the sensitivity analysis yielded a
range of $55,309 to $63,491 for the per-patient
per-year rCDI-attributable direct medical cost.

DISCUSSION

We conducted an SLR of the direct economic
burden of managing patients with rCDI with
current approaches from the perspective of the
third-party payers in the USA. In the SLR, eight
publications were identified that reported
annual HRU and/or direct medical costs to US
third-party payers. Key differences were
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observed in study designs, patient populations,
identification of rCDI, and analytic approaches
for estimating CDI-attributable costs and HRU.
This heterogeneity in the published data is
consistent with the findings of a recent SLR by
Malone et al. 2022 on real-world evidence of
HRU and burden of illness associated with CDI
(including rCDI). Similar to our study, Malone
etal. (2022) found a large variation in data
sources, comparison groups, methodologies,
and reporting across studies [51].

The large variation found from this search
made it infeasible to perform a meta-analysis to
synthesize the results. To estimate the average
annual per-patient rCDI-attributable medical
costs based on the SLR findings, we performed a
component-based cost synthesis analysis given
the lack of comprehensive rCDI-at-
tributable annual medical costs data. By
employing a component-based cost synthesis
approach that relied primarily on studies iden-
tified in the SLR with an annual time horizon,
we were able to estimate the annual per-patient
rCDI-attributable direct medical costs from the
US third-party payer’s perspective using aggre-
gated relevant HRU and cost inputs from mul-
tiple sources in a systematic fashion. This
method allows for each relevant component
that contributes to the average medical cost on
payers to be considered directly from the avail-
able literature. Overall, the results of compo-
nent-based cost synthesis analysis suggest that
the annual rCDI-attributable costs range from
$67,837 to $82,268 for an average rCDI patient
in the base-case analysis.

Not surprisingly, the main cost driver of
annual cost in the base-case component-based
cost synthesis analysis was hospitalization
(62.7-66.8% of total costs), driven by a mean
25.2 day LOS calculated based on data reported
by Rodrigues etal. 2017 [31]. Of note, the
inpatient days per year reported by Rodrigues
and colleagues may be higher than some other
clinical settings due to potentially more
severely ill and older patients included in this
study. As a result, sensitivity analyses were
conducted to test alternative rCDI-at-
tributable hospitalization LOS or cost input
based on studies with at least 60-days follow-up
and with a study population that could be

generalized to a wider rCDI population. Four
studies were identified, and two were excluded
due to potential for bias in estimating rCDI-at-
tributable hospitalization LOS or cost based on
the study design or data source (Aitken et al.
2014 and Zhang et al. 2018) [19, 34]. The sen-
sitivity analyses included alternative rCDI-at-
tributable hospitalization LOS and cost inputs
reported in two studies: Shah etal. 2016 and
Dubberke etal. 2014 [33, 40]. The sensitivity
analysis results varied from $55,309 to $63,491
(sensitivity analysis 2: Dubberke et al. 2014) and
$65,543-$79,658 (sensitivity analysis 1: Shah
et al. 2016), supporting the high burden of rCDI
and demonstrating that our results were sensi-
tive to the hospitalization assumptions [33, 40].
Collectively, our cost estimation findings from
the base-case and sensitivity analyses highlight
the importance and urgency of understanding
the broad economic burden of recurrent CDI
and provide a benchmark for assessing the
economic benefit of novel treatments to pre-
vent and reduce recurrence in CDI.

Several limitations should be noted when
interpreting the findings of the component-
based synthesis cost analysis. Firstly, the results
reflect the patient populations, study design,
and limitations of the underlying source publi-
cations reporting on the economic burden of
rCDI. For example, the recommendations on
antibiotic treatment for primary CDI and the
first and subsequent rCDI have evolved. In the
2017 Clinical Practice Guideline Update by the
Infectious Diseases Society of America (IDSA)
and Society for Healthcare Epidemiology of
America (SHEA), vancomycin or fidaxomicin
were recommended for initial CDI episodes,
whereas in their 2021 update, fidaxomicin is the
preferred first-line antibiotic over vancomycin,
given the clinical benefits in reducing CDI
recurrences found with fidaxomicin [4, 52, 53].
Evolution of treatment options and recom-
mendations over time would impact treatment
patterns and subsequently the associated HRU
cost in the care settings reported in our analysis.
Due to the complexity of the disease, all-cause
costs and HRU were not surprisingly more fre-
quently reported than rCDI-attributable costs or
HRU. However, all-cause values may not cor-
rectly reflect the specific burden associated with
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rCDI. From our search, only one study (Rodri-
gues etal. 2017) reported annual rCDI-at-
tributable costs [31]. This single-center study
included a small sample size of 98 rCDI patients
(any recurrence) treated at Partners HealthCare
in 2013 who had a high number of comorbid
conditions (mean CCI score of 8.6) and a mean
age of 66.7 years [31]. These characteristics were
consistent with rCDI patient profiles (older with
multiple comorbidities) as observed in other
large-scale studies (e.g., Nelson etal. 2021,
Feuerstadt etal. 2022) [14, 22, 31]. However,
this study likely underestimates the true rCDI
disease burden, as it did not include post-acute
care or terminal care costs, nor capture costs for
patients who sought additional care outside of
the Partners HealthCare network or dropped
out of the network.

Secondly, all key HRU/cost elements of
interest were not available from the SLR.
Therefore, a supplemental search of publica-
tions in similar or general populations was
conducted to complete the calculation. As an
example, rCDI-attributable costs for outpatient
visits were obtained from the Optum360
National Fee Analyzer [43]. Thirdly, most of the
HRU data were from Rodrigues etal. (2017),
which is the sole publication identified in the
SLR reporting annual rCDI-attributable HRU
estimates [31]. As noted above, the inpatient
days per year is a key driver of the cost calcu-
lation. Uncertainty around this parameter was
addressed in sensitivity analyses to inform
potential alternative ranges of the estimated
economic burden of rCDI. However, because
the sensitivity analyses required extrapolation
of findings from a < 1l-year timeframe these
studies may not be comprehensive in the eval-
uation; for example, there may be missing
hospitalizations that occurred after their
defined follow-up period. Using such data
required assumptions of a constant rate of hos-
pitalization to extrapolate to an annual value.
Furthermore, one of the studies used in the
sensitivity analyses defined rCDI-at-
tributable hospital costs or HRU in relativity to
experience of other patients (Dubberke 2014),
so it could have underestimated the true medi-
cal costs to the payer due to the insufficiency in
absolute cost values [33]. Finally, while

Rodrigues etal. 2017 is based on data from
2013, it is among the most recent data of the
studies (Shah et al. 2016: 2007-2013; Dubberke
etal. 2014: 2003-2009) [31, 33, 40]. Studies of
recent clinical practice with longer follow-up
(1 year or longer) are warranted, as well as
research on 1CDlI-attributable cost burden
directly on patients (e.g., out of pocket expen-
ses, burden on caregivers).

CONCLUSION

Our SLR study found a high economic burden of
rCDI in the USA with currently available treat-
ments, with much variability in study design,
populations, and reporting approaches. We
provided an estimate of the annual average per-
patient rCDI-attributable medical costs to a
third-party payer in the USA using a compo-
nent-based cost synthesis approach and pro-
vided a benchmark for assessing the economic
benefit of novel treatments to prevent and
reduce recurrence in CDI. Given the high-cost
burden for managing rCDI with current
approaches, having an established annual per-
patient disease-attributable medical costs under
the current standard of care will help set an
initial benchmark to inform the economic
benefit of novel therapies for rCDI. Future
research will be warranted to report on the real-
world economic burden of rCDI and evaluate
the impact when more novel and effective
therapies become available for these patients.
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APPENDIX

Two studies were not included for sensitivity
analyses due to study design or a data source
that may not fully reflect rCDI-attributable hos-
pitalization HRU or cost; these were Aitken et al.
2014 (3-month follow-up), and Zhang etal.
2018 (6-month follow-up) [19, 34].

Aitken et al. 2014 was a prospective, single-
center study of adult patients within 3 months
following discharge from a CDI hospitalization
at a tertiary care hospital between 2007 and
2012 [34]. The study identified patients with
rCDI via follow-up phone call after a CDI hos-
pitalization. The study was not included in the
sensitivity analyses due to the potential for
response bias of healthier patients who respon-
ded to this recruitment method. Further, it used
a narrow definition of rCDI attributable as CDI
in primary diagnosis position and positive stool
test within 3 days of admission, which would
miss instances of a secondary diagnosis.

Zhang et al. 2018 was a retrospective Mar-
ketScan claims database analysis of propensity-
score-matched patients with CDI and CDI with
at least one rCDI followed for 6 months from
the earliest CDI diagnosis from 2010-2014 [19].
The MarketScan data included: (1) the Com-
mercial Claims and Encounters database and (2)
the Medicare Supplemental and Coordination
of Benefits database. The study was not included
in the sensitivity analyses as the database would
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not include claims where Medicare is the pri-
mary payer and covered all of the service. Given
that 46.6% of the study population was aged
over 65 years, a substantial number of claims for
rCDI may have been missed.
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