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Abstract

OBJECTIVE.—To determine the potential epidemiologic and economic value of the 

implementation of a multifaceted Clostridium difficile infection (CDI) control program at US 

acute care hospitals

DESIGN.—Markov model with a 5-year time horizon

PARTICIPANTS.—Patients whose data were used in our simulations were limited to hospitalized 

Medicare beneficiaries ≥65 years old.

BACKGROUND.—CDI is an important public health problem with substantial associated 

morbidity, mortality, and cost. Multifaceted national prevention efforts in the United Kingdom, 

including antimicrobial stewardship, patient isolation, hand hygiene, environmental cleaning and 

disinfection, and audit, resulted in a 59% reduction in CDI cases reported from 2008 to 2012.

METHODS.—Our analysis was conducted from the federal perspective. The intervention we 

modeled included the following components: antimicrobial stewardship utilizing the Antimicrobial 

Use and Resistance module of the National Healthcare Safety Network (NHSN), use of contact 

precautions, and enhanced environmental cleaning. We parameterized our model using data from 

CDC surveillance systems, the AHRQ Healthcare Cost and Utilization Project, and literature 

reviews. To address uncertainty in our parameter estimates, we conducted sensitivity analyses for 

intervention effectiveness and cost, expenditures by other federal partners, and discount rate. Each 

simulation represented a cohort of 1,000 hospitalized patients over 1,000 trials.

RESULTS.—In our base case scenario with 50% intervention effectiveness, we estimated that 

509,000 CDI cases and 82,000 CDI-attributable deaths would be prevented over a 5-year time 

horizon. Nationally, the cost savings across all hospitalizations would be $2.5 billion (95% 

credible interval: $1.2 billion to $4.0 billion).

CONCLUSIONS.—The potential benefits of a multifaceted national CDI prevention program are 

sizeable from the federal perspective.
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Clostridium difficile infection (CDI) is a substantial public health problem, particularly with 

the increased prevalence of the hypervirulent BI/NAP1/027 strain.1 In 2009, 336,000 CDI-

related hospital stays were reported in the United States.2 Previous studies estimated that 

CDI is associated with at least $3,006 in short-term attributable costs per infection.3 The 

annual US burden of healthcare-associated CDI from the third-party payer perspective is at 

least $547 million.4 However, few studies have estimated the economic burden of 

healthcare-associated infections from the federal perspective, despite the fact that the 

Centers for Medicare and Medicaid Services (CMS) provides federal health insurance to 44 

million people ≥65 years old, the age group with highest prevalence of CDI.5

Between 1990 and 2004, rates of CDI in the United Kingdom dramatically increased, 

resulting in the Health Protection Agency and Department of Health joint update of 

evidence-based guidance for CDI prevention.6 This policy provided a multifaceted 

prevention approach including updated standardized clinical and laboratory definitions, 

mandatory reporting requirements, and clinical guidance for CDI management and 

treatment.6 Prevention strategies detailed in the core guidance in the United Kingdom 

focused on antimicrobial stewardship, patient isolation, hand hygiene, environmental 

cleaning, and a mechanism for audit. Implementation of these guidelines resulted in a 59% 

reduction in CDI cases reported from fiscal year (FY) 2008 to 2012.7,8 While many of these 

prevention strategies have been implemented to various degrees in US hospitals, highly 

impactful antimicrobial stewardship appears to be the area in which US and UK hospitals 

differ the most. Between 2005 and 2009 there was a >40% decline in fluoroquinolone 

subscribing and >50% decline in cephalosporin prescribing in UK hospitals; meanwhile, in 

US hospitals, no suggestion of changes in antimicrobial prescribing has been made that 

might afford a similar benefit on CDI rates.9

In the United States, CDI prevention guidelines issued jointly by the Society for Healthcare 

Epidemiology of America (SHEA) and the Infectious Disease Society of American (IDSA) 

call for implementation of a multifaceted prevention strategy that closely resembles the UK 

approach, including antimicrobial stewardship restricting usage of antimicrobials most 

commonly associated with CDI.10 Examining the costs and benefits of CDI prevention in the 

United States, modeled after successful programs in the United Kingdom (especially more 

aggressive antimicrobial stewardship), would enable US federal government agencies to 

make evidence-based decisions about these investments.

METHODS

We constructed a Markov model using TreeAge Pro Suite 2013 (TreeAge Software, 

Williamstown, MA) to determine the potential epidemiologic and economic value of the 

implementation of a multifaceted CDI control program that includes infection control 

interventions and antimicrobial stewardship. We modeled the infection control portion of the 

intervention based upon recommendations in the SHEA/IDSA guideline, and we modeled 

antimicrobial stewardship as a hospital utilizing the Antimicrobial Use (AU) option of the 

Antimicrobial Use and Resistance (AUR) module of the National Healthcare Safety 

Network (NHSN) as the basis for interventions led by antimicrobial stewardship personnel.
11 Standardized definitions within the AUR enable interfacility comparisons. Our analysis 
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was conducted from the federal payer perspective, quantifying federal reimbursement for 

CDI by CMS and expenditures on CDI prevention efforts by federal agencies. We limited 

our study population to Medicare beneficiaries ≥65 years old. We also included expenditures 

for infection control and stewardship efforts, as these cost increases will be included in 

Medicare Cost Reports and then used by CMS to adjust future reimbursement rates. The 

analysis was conducted over a 5-year time horizon. We created a series of models with 

identical structures and parameterized each model with age-stratified inputs. The model 

included Markov states representing a hospitalized patient’s CDI-associated health status for 

a 1-year cycle length: (1) no CDI, (2) hospital-onset CDI (HO-CDI), community-onset 

hospital-associated CDI (COHA-CDI), death (absorptive). Table 1 lists the parameter 

estimates included in our model’s base-case scenario. Each model represented a cohort of 

1,000 hospitalized persons and outcomes were calculated for 1,000 trials. We determined 

cost per case averted, in which a case of CDI was defined as a person with either HO-CDI or 

COHA-CDI. We scaled our results nationally for all persons ≥65 years old using age-

stratified estimates of hospital discharges among persons for whom Medicare was the 

primary payer.5

CDI Probability

We estimated the age-stratified probability of HO-CDI using discharge data from the 

Healthcare Cost and Utilization Project (HCUP) for intestinal infections due to C. difficile 
(ICD-9-CM 008.45) as a secondary diagnostic code.2 To adjust for coding discrepancies (ie, 

ICD-9-CM codes may indicate a history of CDI rather than an incident infection12), we 

linked NY Emerging Infections Programs (EIP) CDI surveillance data (active laboratory- 

and population-based surveillance for C. difficile) to administrative data from a large 

academic hospital participating in the NY-EIP using SAS, version 9.3 (SAS Institute, Cary, 

NC); we then estimated the predictive value of ICD-9-CM coding for HO-CDI.11 These 

methods are described in detail elsewhere.13 We also computed the ratio of HO-CDI to 

COHA-CDI reported to NY-EIP to calibrate the probability of community-onset infections 

that hospital-level interventions have the potential to prevent.13 We scaled our estimates 

from HCUP to include federal hospitals using the ratio of federal to nonfederal discharges.14 

We validated our adjusted estimates of incident infections with national estimates from the 

EIP (unpublished data). To remain conservative about the potential benefits of the 

intervention and to account for increased sensitivity of nucleic acid amplification testing 

(NAAT) on population-based incidence, we assumed that in the absence of intervention, 

incidence remained at 2011 levels. Age-specific probability of non-CDI-attributable 

mortality was estimated from the Human Mortality Database.15

CDI-Associated Costs

To determine the attributable excess reimbursement made by CMS as a third-party payer for 

persons with HO-CDI, we linked Medicare Provider Analysis and Review (MEDPAR)16 and 

NHSN data. MEDPAR includes individual-level claims for services provided to Medicare 

beneficiaries at certified inpatient hospitals and skilled nursing facilities. To estimate the 

excess attributable reimbursement and length of stay, we identified hospitalizations among 

Medicare recipients during which an episode of HO-CDI occurred, then we compared those 

hospitalizations to admissions among a similar population of Medicare recipients who did 
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not develop CDI. Frequency matching and multivariate median regression controlled for 

potential confounders, including receipt of ICU care, facility characteristics, demographics, 

clinical factors, comorbidity score, and primary ICD9-CM procedure category based on 

AHRQ Clinical Classification Software.17,18 We also determined the additional 

reimbursements attributable to hospitalization for recurrent CDI within 8 weeks of the index 

hospitalization-discharge. To remain conservative, we only included attributable 

reimbursement for the first hospitalization for recurrence. For cases of COHA-CDI, we used 

the CMS Chronic Condition Data Warehouse to determine the reimbursement for 

hospitalization due to CDI (having a primary ICD-9-CM code for CDI), within 8 weeks of 

an index non-CDI hospitalization.19 We attributed the entire cost of such hospitalizations to 

CDI assuming that those hospitalizations would not have occurred but for COHA-CDI. We 

determined the additional attributable reimbursement for the first hospitalization for 

recurrent CDI occurring within 8 weeks COHA-CDI discharge. Past costs were converted to 

2011 US dollars using the Consumer Price Index for Urban Consumers (CPI-U) for medical 

care. A 3% discount rate accounted for time preference.20

Intervention Components

We based the potential effectiveness of CDI control programs on the experience documented 

in the United Kingdom, where a multifaceted infection control and antimicrobial 

stewardship was implemented nationally and resulted in a 59% reduction on the number of 

CDI cases reported from fiscal year 2008 to 2012.7,8 Our base-case scenario evaluated an 

intervention effectiveness of 50%, where we assumed that a 50% reduction in first year 

would be sustained over the 5-year program. We estimated the hospital cost per discharge of 

implementing the AU module and the ongoing cost of maintenance by tabulating personnel 

time by occupational category and equipment costs using key informant interviews at NHSN 

AU module pilot sites (ie, facilities that were early adopters of the AU module and provided 

feedback for continued development). To account for time for antimicrobial stewardship 

activities, we estimated personnel time dedicated to stewardship from the published 

literature and category-specific wages from the Bureau of Labor Statistics.21–23 These costs 

were evenly attributed across all discharges, regardless of CDI status. To remain 

conservative about the potential benefits, we assumed that all patients with CDI would be 

placed on contact precautions for the length of their hospitalization, which would tend to 

overestimate the cost of isolation because current SHEA/IDSA guidelines recommend 

contact precautions only for the duration of diarrhea.10 We modeled the cost of contact 

precautions as the number of patient contacts per day multiplied by the cost of gloves and 

gown and 1 minute of nurse time for donning and doffing for the duration of hospitalization. 

Finally, we modeled improved environmental cleaning as the change from liquid quaternary 

ammonium disinfectant to a 1:10 dilution of sodium hypochlorite solution (eg, bleach 

registered with the US Environmental Protection Agency as having efficacy against CDI).22 

Our cleaning cost estimate included 2 hours of cleaning personnel supervisor time per week 

for audit and feedback per hospital.

We quantified the Centers for Disease Control and Prevention (CDC) expenditures on CDI 

prevention and control by reviewing CDC annual program budgets from the Office of Chief 

Financial Officer. CDC expenditures on CDI prevention encompassed disease surveillance, 
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research studies, and outbreak investigation; this included dedicated personnel time, 

laboratory supplies and contracts, extramural funding, and development and support of 

NHSN modules. We stratified these costs into initial investments (ie, occurring through 

2011) and ongoing investments (ie, actual annual expenditures in 2012 and projected 

expenditures for fature years).

Sensitivity Analyses

To address uncertainty in key model parameters, we conducted sensitivity analyses 

systematically varying parameters to determine their impact. Data regarding the 

effectiveness of preventing CDI are largely based on estimates from the United Kingdom or 

single US hospital studies and may have limited generalizability.7,21,23,24 Therefore, we 

varied the effectiveness of the intervention from 10% to 75%. We also varied the percentage 

of stewardship costs that are attributable to CDI prevention activities from 25% (base case) 

to 100%. To evaluate the impact of expenditures by other federal partners (eg, NIH, AHRQ, 

etc.), we performed a sensitivity analysis of expenditures by other federal partners relative to 

the total CDC expenditures per discharge from 2 to 10 times the initial and ongoing CDC 

expenditures. Finally, we systematically varied the discount rate used from 0% to 3% (base 

case).

RESULTS

In our base-case scenario, in which intervention effectiveness was assumed to be 50%, we 

estimated that 36.94 CDI cases requiring admission could be averted per 1,000 persons ≥65 

years old over a 5-year time horizon, comprising 15.46 cases of HO-CDI and 21.48 

hospitalizations due to COHA-CDI averted. Benefits peaked in persons 70–79 years old, in 

whom the risk of CDI is greatest but the mortality from other causes is relatively low (Table 

2). Additionally, 5.91 CDI-attributable deaths per 1,000 would be averted over 5 years: 2.43 

deaths among persons with HO-CDI and an additional 3.48 deaths among persons with 

COHA-CDI. This estimate equates to a cumulative 509,000 CDI cases and 82,000 CDI-

attributable deaths over 5 years. The mean cost-savings per each hospitalization among 

Medicare beneficiaries was estimated to be $184 (95% credible interval: $90 to $287) over 5 

years. Nationally, the cost savings across all hospitalizations would be $2.5 billion (95% 

credible interval: $1.2 billion to $4.0 billion) over 5 years.

Table 2 outlines the number of incident CDI cases we estimated would be averted by varying 

intervention effectiveness. Figure 1 delineates the cumulative modeled cost–benefit by 

intervention effectiveness over our study’s 5-year time horizon for a cohort of persons 65–69 

years old. In general, interventions with at least moderate effectiveness (ie, ~25%) would be 

cost saving in older populations (Figure 1). Cost–benefit increases as intervention 

effectiveness increases. When intervention effectiveness was set to 10%, the model predicted 

that an estimated 101,000 cases and 16,000 CDI-attributable deaths would be averted 

nationally over 5 years. When intervention effectiveness was assumed to be 75%, an 

estimated 773,000 cases and 124,000 CDI-attributable deaths would be averted nationally 

over 5 years.
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Our model was moderately sensitive to our assumption of the proportion of hospital costs of 

implementing a multifaceted intervention including antimicrobial stewardship. For example, 

our mean estimate of the economic value of implementation was no longer cost saving when 

we attributed 50% of hospital-level stewardship and infection control costs to CDI 

prevention and program effectiveness was <10%. Attributing 50% of stewardship program 

costs to CDI prevention of a program with 40% effectiveness, we estimate that among a 

cohort of persons 65–69 years old, the cost savings would be $124 per hospitalization (95% 

credible interval: $42–$214). When we attributed 100% of stewardship personnel costs to 

CDI prevention, our mean estimate of economic value was no longer cost saving when 

program effectiveness was <15%. The economic value of a program with 100% of 

stewardship personnel costs attributed to CDI and 10% program effectiveness had an 

estimated economic value of −$9 per hospitalization (95% credible interval: −$52 to $50).

We independently evaluated the impact of expenditures by other federal agencies on the 

economic value of a multifaceted intervention, including antimicrobial stewardship, 

returning to our base-case scenario for all other parameters. When these expenditures were 

assumed to be 10 times CDC expenditures (ie, other federal expenditures were initially ≈
$108 million and ≈$34 million ongoing), we estimated that the economic value of a 

multifaceted intervention, including antimicrobial stewardship with 50% effectiveness for a 

cohort of 1,000 hospitalized person 65–69 years old, would be $170 per hospitalization 

(95% credible interval: $83–$264). Our economic value estimate did not change 

substantially when we varied the discount rate from 0% to 3%.

DISCUSSION

Our study highlights the sizable potential benefits of federal investment in a multifaceted 

national CDI prevention program. Our analysis suggests CDI prevention is cost saving, and 

we estimated that the cumulative economic benefit in reimbursements for the Medicare and 

Medicaid programs over 5 years would be $2.5 billion (95% credible interval: $1.2 billion to 

$4.0 billion) with 509,000 CDI cases averted nationally.

We evaluated the impact of a multifaceted CDI prevention program based on best practices 

in the current literature. While we can estimate the cumulative effectiveness of such a 

program, there are insufficient data to estimate the incremental contribution of each 

component in a multifaceted intervention. However, evidence suggests that antimicrobial 

stewardship may have been a key driver of the impressive progress in CDI prevention in the 

United Kingdom.7,9 Disturbance of the intestinal microbiota from exposure to antimicrobial 

agents is a significant modifiable risk factor for CDI acquisition.25 A systematic review that 

included 3 interrupted time series analyses conducted in the United States measuring the 

impact of antimicrobial stewardship on CDI colonization or infection concluded that, 1 year 

after implementation, CDI reduction ranged from 52% to 79%.26 This finding suggests that 

the success of prevention efforts in the United Kingdom is not isolated but rather that it is a 

credible goal for US prevention programs. In addition to improving routine patient care, 

antimicrobial stewardship has also been a key provision of CDI outbreak mitigation, notably 

during a recent Canadian outbreak.27
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Given the body of evidence supporting antimicrobial stewardship for CDI prevention, major 

efforts to ensure widespread implementation of antimicrobial stewardship are warranted. 

Indeed, the importance of a multifaceted infection prevention strategy including 

antimicrobial stewardship as a mechanism to reduce the occurrence of multidrug-resistant 

infections and to safeguard limited treatment options, was reiterated in a 2012 joint policy 

statement by SHEA, IDSA, and the Pediatric Infectious Disease Society (PIDS) calling on 

the CMS to “improve the development, implementation, and monitoring of antimicrobial 

stewardship plans and programs over time by requiring additional activities.”28 A critical 

component of antimicrobial stewardship is standardized measurement of the quantity of anti-

infective medications used in facilities and identification of opportunities for improvement 

through systems such as the NHSN AUR module.

Our analysis was subject to several limitations. First, we used administrative data adjusted 

with EIP analyses to calibrate our model’s probability of CDI. These data were from one 

EIP site and may not be generalizable; however, these adjustments to ICD-9-CM coded 

diagnoses were consistent with a single hospital study and our model’s estimates of CDI 

burden were validated with national EIP estimates.15 CMS implemented an incentive in 

January 2013 for acute care hospitals to report CDI to NHSN and has proposed that long-

term acute care hospitals also report beginning in FY2017.29 These data could be used in the 

future to recalibrate our model and generate more precise estimates of projected burden and 

benefit. Moreover, these data, linked with Medicare Part B (ie, physician reimbursement) 

and Medicare Part D (ie, drug reimbursement) data could be used to capture Medicare 

reimbursements resulting from hospital-associated CDI that occurs post-discharge in nursing 

home or outpatient settings not resulting in readmission. This procedure would likely 

improve the economic value of acute-care hospital based antimicrobial stewardship since our 

current analysis would be an underestimate. Second, our estimates of personnel required to 

implement a stewardship program were based on published studies from large academic 

medical centers and may be different in smaller non-academic medical centers. We used 

estimates from large stewardship programs, which are likely to have higher costs to remain 

conservative about the potential benefits of a stewardship program. Our model was 

moderately sensitive to this parameter; therefore having a better estimate of costs associated 

with antimicrobial stewardship across hospital types would be valuable. Additionally, if a 

subset of facilities has already implemented these interventions independently, the economic 

value would be toward the lower end of our sensitivity analysis estimates, but would still 

represent a substantial savings.

Uncertainty remains for some model parameters, including multifaceted intervention 

effectiveness in US hospitals; however our findings were robust across a wide range of 

effectiveness values. Even when assuming the intervention’s effectiveness to be half that in 

the United Kingdom, cost savings were still demonstrated. In additional sensitivity analyses, 

the intervention remained cost saving, even with more modest reductions in CDI during the 

initial year with continued reductions in subsequent years (results not shown). As data 

become available, we can recalibrate our model with cost estimates of stewardship and 

demonstrated effectiveness of these programs across hospital types to assess economic 

value. In this analysis we endeavored to maximize program costs and to remain conservative 

in our overall estimate of economic value. Our study highlights the sizable potential benefits 
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of multifaceted prevention programs that include the critical component of antimicrobial 

stewardship through use of the NHSN’s AUR module for the prevention of CDI among older 

adults.
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FIGURE 1. 
This figure depicts the model predicted incremental (per discharge) cost savings of 

implementing and maintaining a multifaceted prevention program including antimicrobial 

stewardship program over a 5-year time horizon for a cohort of 1,000 persons aged 65–69. 

The solid dark line represents the mean economic value and the dotted lines represent the 

95% credible interval. Positive values indicate cost savings (ie, scenarios in which 

implementing the intervention is less costly than the comparator of no intervention) and 

negative values indicate additional expenditures with the intervention.
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