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OBJECTIVES 

• Summarize the impact of Clostridium difficile 
(C. difficile) statewide and nationally 

 

• Discuss the importance of facility-specific 
interventions for meeting state and national 
agenda to eliminate C. difficile  infections 



TOPICS 

• Epidemiology & Diagnosis 

• Prevention 
• Hand Hygiene 

• Isolation & Gloving 

• Environmental Cleaning 

• Antibiotic Stewardship 

• Probiotics 

• Treatment 
• Oral Antimicrobials; Treatment as Prevention 

• Fecal Bacteriotherapy 

• Surgical Options 

• Putting It All Together: ICE CDI! 



Infection Control Over the Past Decade 

Rate 

Parameter Then Now Reference(s) 

CRBSIs 
5.0/1000 

catheter days 

1.7/1000 

catheter days 
a,b 

VAP 
9.5/1000  

ventilator days 

2.0/1000 

ventilator days 
a,b 

CAUTIs 
5.4/1000 

catheter days 

3.1/1000 

catheter days 
a,b 

C. difficile 

infection 

5.5 cases/ 

10,000 discharges 

11.2 cases/ 

10,000 discharges 
c,d 

Adapted from Patterson et al, Crit Care Med 2010;  38(8):265-8. 

Abbreviations: CRBSIs, catheter-related bloodstream infections; VAP, ventilator-

associated pneumonia; CAUTIs, catheter-associated urinary tract infections. 
a Am J Infect Control 2000; 28:429–48   c Emerg Infect Dis 2009; 15:122–5 
b Am J Infect Control 2009; 37:783–805  d http://hcupnet.ahrq.gov 

http://www.cap.org/
http://www.cap.org/


Percentage of stool, skin (chest and abdomen), and environmental (bed rail, bedside 

table, call button, toilet seat) cultures positive for Clostridium difficile among 52 patients 

with C. difficile infection. The limit of detection for stool specimens was ∼2 log10 CFU/g. 

The numbers of patients who had samples cultured at each time point were 52 before 

treatment, 48 on day 3 of treatment, 43 after resolution of diarrhea, 28 at the end of 

treatment, 22 at 1–2 weeks after treatment, 15 at 3–4 weeks after treatment, and 8 at 5–

6 weeks after treatment. 

Percentage of  Stool, Skin and Environmental Cultures Positive for 

C. difficile Among 52 Patients with C. difficile Infection 

Sethi et al, Infect Control Hosp Epidemiol 2010; 31(1):21-7. 



Rates of  Clostridium difficile Infection Among 

Hospitalized Patients Aged ≥65 Years*, by Age Group – 

National Hospital Discharge Survey, U.S. 1996-2009 

 

MMWR 2011; 60(34):1171 

* Includes patients hospitalized with C. difficile infections or who acquired C. 

difficile during the hospital stay. 



National Impact of  C. difficile 
 

Deaths Caused by C. difficile Infections*  

• Deaths related to C. 
difficile increased 400% 
between 2000 and 
2007, partly due to a 
more virulent strain  

• 14,000 deaths are 
attributed to C. difficile 
each year in the US 

• > 90% of deaths related 
to CDI are in persons ≥ 
65 years of age  

*Age –adjusted rate of C. difficile as the primary (underlying) cause of death.  

SOURCE: CDC National Center for Health Statistics, 2012  

http://www.idph.state.il.us/patientsafety/ICE_C_diff_Webinar_March2012.pdf 

http://www.idph.state.il.us/patientsafety/ICE_C_diff_Webinar_March2012.pdf


Petrella et al; Clin Infect Dis 2012; May 12 epub ahead of print. 

By multivariate analysis, BI infection was statistically 

significant as a risk factor for reduced cure (odds 

ratio [OR], 0.48; 95% confidence interval [CI], .27–

.85; P = .030) and for increased recurrence (OR, 

1.57; 95% CI, 1.01–2.45; P = .046). 
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C. difficile  Infections per 1,000 

Discharges in Illinois 

http://www.healthcarereportcard.illinois.gov/files/pdf/cdiff2010.pdf  

http://www.healthcarereportcard.illinois.gov/files/pdf/cdiff2010.pdf


McDonald et al, MMWR 2012; 61(9):157-62. 

Percentage of  C. difficile Infection (CDI) Cases 

(N = 10,342), by Inpatient or Outpatient Status at Time of  

Stool Collection and Type/Location of  Exposures* —  

U.S. Emerging Infections Program, 2010 

 



Deshpande et al, Clin Infect Dis 2011; 53(7):e81-e90. 



Deshpande et al, Clin Infect Dis 2011; 53(7):e81-e90. 

Forest Plot Estimates of  Pooled Sensitivity 



Deshpande et al, Clin Infect Dis 2011; 53(7):e81-e90. 

Forest Plot Estimates of  Pooled Specificity 



Deshpande et al, Clin Infect Dis 2011; 53(7):e81-e90. 

Theoretical Values of  PPV and NPV for 

Increasing CDI Prevalence Calculated Using 

Pooled Sensitivity (90%) and Specificity (96%) 
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Device-focused 

Prevention 

Guidelines for: 
 

• CLABSI 

• VAP  

• cUTI 

• SSI 
 

•MRSA 

•C. difficile 



Stone et al, BMJ 2012; 344:e3005-15. 



Stone et al, BMJ 2012; 344:e3005-15. 

Estimated Use of  Hand Hygiene 

Consumables, by Quarter 



Stone et al, BMJ 2012; 344:e3005-15. 

Estimated Quarterly Rate of  C. difficile 
Infection (per 10,000 bed days) 



Weber et al, J Am Med Assoc 2003; 289:1274-7. 

HH – Unintended Consequence Caveat? 



Johnson et al, Am J Med 1990; 88:137-40. 



Johnson et al, Am J Med 1990; 88:137-40. 



C. difficile Diarrhea/1,000 Patients 

6 mo pre 6 mo during P Value 

Glove 
ward 

7.7 1.5 0.02 

Control 
ward 

5.7 4.5 NS 

Whole 
hospital 

3.2 3.2 NS 

Johnson et al, Am J Med 1990; 88:137-40. 



Wilkinson et al, Am J Infect Control 2011; 39(3):177-82. 

 Acute care Long-term care 

Precautions discontinued (n=132), n(%)  (n=530), n(%) 

After patient has been asymptomatic for: 

   48 hours  37 (28) 145 (27) 

   72 hours  49 (37) 172 (33)  

   Other  0 (0) 1 (0.2) 

After treatment has been initiated  0 (0) 6 (1) 

After treatment has ended and no relapse 

   has been documented within 48 hours  23 (17) 132 (25) 

Precautions are continued until discharge  1 (1) 16 (3) 

Other policy for discontinuing  22 (17) 58 (11) 

Practices for Discontinuing C. difficile 

Infection Precautions in Canadian Health Care 

Facilities, by Facility Type (n = 662) 



The Environment — A Better Product? 

Hacek et al, Am J Infect Control 2010; 38:350-3. 



Hacek et al, Am J Infect Control 2010; 38:350-3. 

Rates decreased from 0.85 CDI cases/1000 patient-days in the 

preintervention period to 0.45 (P < .0001).  Vertical line = Onset of bleach 

intervention. 

Rate of  C. difficile at Hospital Day 3 or Greater 

Before and After Bleach Cleaning Intervention 



Boyce et al, Infect Control Hosp Epidemiol 2008; 29:723-9. 

Impact of  Hydrogen Peroxide Vapor Room Decontamination 

on Clostridium difficile Environmental Contamination 

and Transmission in a Healthcare Setting  

OBJECTIVE.  To determine whether hydrogen peroxide vapor (HPV) decontamination can reduce environmental 

contamination with and nosocomial transmission of  Clostridium difficile.  

DESIGN.  A prospective before-after intervention study.  

SETTING.  A hospital affected by an epidemic strain of  C. difficile. 

INTERVENTION.  Intensive HPV decontamination of  5 high-incidence wards followed by hospital-wide 

decontamination of  rooms vacated by patients with C. difficile–associated disease (CDAD). The preintervention period 

was June 2004 through March 2005, and the intervention period was June 2005 through March 2006. 

RESULTS.  Eleven (25.6%) of  43 cultures of  samples collected by sponge from surfaces before HPV decontamination 

yielded C. difficile, compared with 0 of  37 cultures of  samples obtained after HPV decontamination (P < .001). On 5 

high-incidence wards, the incidence of  nosocomial CDAD was significantly lower during the intervention period than 

during the preintervention period (1.28 vs 2.28 cases per 1,000 patient-days; P = .047). The hospital-wide CDAD 

incidence was lower during the intervention period than during the preintervention period (0.84 vs 1.36 cases per 1,000 

patient-days; P = .26). In an analysis limited to months in which the epidemic strain was present during both the 

preintervention and the intervention periods, CDAD incidence was significantly lower during the intervention period 

than during the preintervention period (0.88 vs 1.89 cases per 1,000 patient-days; P = .047).  

CONCLUSIONS.  HPV decontamination was efficacious in eradicating C. difficile from contaminated surfaces. 

Further studies of  the impact of  HPV decontamination on nosocomial transmission of  C. difficile are warranted.  

Trumping Behavior with Technology 



Incidence of nosocomial Clostridium difficile–associated disease on 5 wards 

(A–E) that underwent intensive hydrogen peroxide vapor decontamination, 

during the preintervention period (gray bars; June 2004 through March 2005) 

and the intervention period (black bars; June 2005 through March 2006).  

Boyce et al, Infect Control Hosp Epidemiol 2008; 29:723-9. 



Havill et al, Infect Control Hosp Epidemiol 2012;33(5):507-12. 



Talpeart et al, J Antimicrob Chemother 2011; 66:2168-74. 

ANTIBIOTIC STEWARDSHIP 
Monthly Count Data for New Cases of  CDI and 

Number of  OBDs Before and After 

Introduction of  Revised Antibiotic Guidelines 

OBD = occupied bed days. 



Hempel et al, JAMA 2012; 307(18):1959-69. 



Hempel et al, JAMA 2012; 307(18):1959-69. 

Efficacy Results of  Probiotic Use by Study 
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Zar et al, Clin Infect Dis 2007; 45:302-7. 

Treatment Options 



TREATMENT AS PREVENTION? 
Rates of  Relapse of  C. difficile–associated 

Diarrhea, by Disease Severity and Treatment 

Zar et al, Clin Infect Dis 2007; 45:302-7. 



Louie et al, N Engl J Med 2011; 364:422-31. 



Drekonja et al, Ann Intern Med 2011:155(12):839-47. 

Comparative Effectiveness of  C. difficile 
Treatments as Prevention 

 — The Editors 



Gough et al, Clin Infect Dis 2011; 53(10):994-1002. 

More Manipulating the Human Microbiome 



Flow Diagram of  Study Selection —  

27 Unique Publications Provided 28 Abstractions  

Gough et al, Clin Infect Dis 2011; 53(10):994-1002. 

In 317 patients treated across 27 case series 

and reports, IMT was highly effective, 

showing disease resolution in 92% of cases 



Neal et al, Ann Surg 2011; 254(3):423-9. 

Surgical Options 



Neal et al, Ann Surg 2011; 254(3):423-9. 

Operative Treatment Strategy for Loop 

Ileostomy and Colonic Lavage for Severe, 

Complicated C. difficile-associated Disease 



Neal et al, Ann Surg 2011; 254(3):423-9. 

Demographics and Outcomes in Patients with 

Severe, Complicated CDAD Treated with Ileostomy or 

Colonic Lavage Versus Colectomy 
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Abbett et al, Infect Control Hosp Epidemiol 2009; 30(11): 1062-9. 



Abbett et al, Infect Control Hosp Epidemiol 2009; 30(11): 1062-9. 

C. difficile Infection Checklist at Brigham and 

Women’s Hospital 



Abbett et al, Infect Control Hosp Epidemiol 2009; 30(11): 1062-9. 

Contact Precautions Plus Sign, as Developed at 

Brigham and Women’s Hospital for Healthcare 

Workers Caring for Patients with C. difficile Infection 



Abbett et al, Infect Control Hosp Epidemiol 2009; 30(11): 1062-9. 

Incidence Rates of  Healthcare-associated C. difficile 
Infection Among Patients Hospitalized at Brigham and 

Women’s Hospital (excludes newborns in neonatal ICU) 



CDI Key Points from CDC 
• Clostridium difficile infections (CDIs) increased several fold in the past decade 

and became more serious, but are nonetheless preventable.  

• Of all CDIs, 94% are related to health-care exposures and are potentially 
preventable by reducing unnecessary antibiotic use and interrupting patient-to-
patient transmission of C. difficile. 

• CDIs were reduced by 20% over approximately 21 months by 71 hospitals 
participating in prevention programs focused primarily on infection control 
strategies (e.g. early reliable detection, isolation, and enhanced environmental 
cleaning).  

• Of all health-care–associated CDIs, 75% have their onset outside of hospitals, 
and 52% of the CDIs treated in hospitals are present on admission; these 
infections are a potential source for intrahospital transmission. 

• More must be done to prevent CDIs by various stakeholders working together 
to expand prevention strategies, including a greater focus on antibiotic 
stewardship and extending prevention strategies in settings across the 
continuum of health-care delivery. 

McDonald et al, MMWR 2012; 61(9):157-62. 



RAW’s Take Home Message — 

Basics Can Work! 

• Early Diagnosis Essential  

• Prompt Treatment 

• Universal Gloving 

• Aggressive Environmental Cleaning 

• Antimicrobial Stewardship 

• Next: Manipulate the Human 
Microbiome, e.g., Probiotics  


