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PART #1

Epidemiology of
C. difficile-associated disease

(CDAD)
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Clostridium difficile (CD)

  Gram positive rod

  anaerobic growth

  sub-terminal spores (stS)

  toxin production

  toxin A (enterotoxin)

  toxin B (cytotoxin)

  part of the normal gut flora
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C. difficile-associated disease (CDAD)

(source and copyright of figure unknown)

  following antibiotic therapy
  numerous substances are
    CDAD-associated
  mild  to severe diarrhea
  abdominal pain
  pseudomembranous colitis

  toxic megacolon
  ileus
  relapses occur frequently
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CDAD-associated antibiotics

  broad spectrum penicillins

  3rd generation cephalosporins

  clindamycin

  fluorquinolones

  others
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CDAD in the US (1996 – 2003)

McDonald Emerg.Infect.Dis. 2006; 12: 409

Rates of US short-stay hospital discharges with C. difficile listed as any diagnosis. 
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CDAD in Germany (2000 – 2004)

Incidence of Clostridium difficile–associated disease 
per 100,000 inpatients upon discharge from hospitals in Germany.

Vonberg Emerg.Infect.Dis. 2007; 13: 17907 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

A new and hypervirulent CD strain

McDonald N.Eng.J.Med. 2005; 353: 243308
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A new and hypervirulent CD strain

McDonald N.Eng.J.Med. 2005; 353: 2433

  toxinotype III 
  North American PFGE type 1 (NAP1)
  PCR-ribotype 027

09 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

A new and hypervirulent CD strain

Warny Lancet 2005; 366:107910
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A new and hypervirulent CD strain

Warny Lancet 2005; 366:1079

  toxin production 
 toxin A peak: ~ 16-fold
 toxin B peak: ~ 23-fold

  18-bp tcdC deletion

  binary toxin
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PART #2

Financial burden of CDAD

A) in Hannover Medical School
B) in other health care settings
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Hannover Medical School
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Hannover Medical School

  tertiary care university hospital
  1,419 beds, 75 wards, 18 medical departments
  total # of patients per year

 inpatients:       53,000 
 outpatients: 323,300

  total # of transplantations per year
 bone marrow TX: 200
 solid organ TX:        440 (thereof 100 lung TX)
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CDAD in Hannover Medical School
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CDAD in Hannover Medical School

Vonberg J.Hosp.Infect. 2008; 70: 1516
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Aim of the present study

To determine the excess costs

for patients who acquire

nosocomial CDAD during  stay

in Hannover Medical School.

Vonberg J.Hosp.Infect. 2008; 70: 1517 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

Methods

  matched case-control study (ratio 1:3)

  matching criteria 

  severity of underlying disease

  time at risk 

Vonberg J.Hosp.Infect. 2008; 70: 1518
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Definition of a CDAD case

- inpatient of Hannover Medical School between
January 1st and December 31st 2006  

- onset of CDAD symptoms (diarrhea) 
>72 hours after admission to the hospital

- detection of CD in stool samples by either 
  positive toxin A / toxin B ELISA or
  culturing of a toxin-producing CD strain

Vonberg J.Hosp.Infect. 2008; 70: 1519 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

Definition of a control patient

- inpatient in our facility in the same year

- diagnosis related group (DRG) must exactly

  match the corresponding CDAD case

- length of hospital stay (LOS) ≥ CDAD case  

- at no time any signs or symptoms of CDAD 

- Charlson co-morbidity index ± 1

Vonberg J.Hosp.Infect. 2008; 70: 1520
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Charlson co-morbidity index

Charlson J.Clin.Epi. 2004; 47: 124521 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

Charlson co-morbidity index

  first published 1980 by Mary E. Charlson as a marker 
   for the mortality of breast cancer
  modified and validated for determining the 
   mortality risk of additional diseases
  takes into account

  underlying diseases (DRGs and ICD-10 codes)
  surgical procedures (OP codes) during stay
  age of the patient

22
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Results: Case finding

discharge in 2007
13

CDAD cases in 2006
116

possible controls 
4,702

CDAD onset <72 hours
28

data on cost available
103

no matching controls
30

nosocomial cases
75

matching possible
45

matchted controls
135

Vonberg J.Hosp.Infect. 2008; 70: 1523 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

0,0062027length of hospital stay (median; days)

0,29285 (63.0%)24 (53.3%)male gender (%)

0,902  4  4Charlson co-morbidity index

0,463  1  3length of ICU stay (median; days)

------15days before CDAD onset CDAD (median)

0,9305756age (median; years)

p-value
controls
(n = 135)

cases
(n = 45)

Results: Matching

Vonberg J.Hosp.Infect. 2008; 70: 1524
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Results: Overall costs for the hospital

180 patients
(45 cases & 135 controls)

€ 8,793,460
Vonberg J.Hosp.Infect. 2008; 70: 1525 Ralf-Peter Vonberg

Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

Results: cases vs. controls

47,13853,995cost per patient (€)

Kontrollen
(n = 135)

Fälle
(n = 45)

7,147 € excess costs* of CDAD cases (*significant difference) !

CI95: 4.067 – 9.276

Vonberg J.Hosp.Infect. 2008; 70: 1526
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Results: cost vs. re-imbursement

       51     165financial loss per patient day (€)

47,13853,995cost per patient (€)

  1,404  6,107financial loss per patient (€)

45,73447,888re-imbursement per patient (€)

Kontrollen
(n = 135)

Fälle
(n = 45)

Vonberg J.Hosp.Infect. 2008; 70: 1527 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

Riley Lancet 1995; 345: 455

Riley 1995
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  teaching hospital, Perth, Australia

  retrospective matched cohort study (1990)

  n = 90 CDAD cases

  n = ? control patients (n.m.)

  mean LOS (day) cases = 24.5 vs. controls = 6.5

  costs attributable to CDAD: A$ 12,600

Riley Lancet 1995; 345: 455

Riley 1995

29 Ralf-Peter Vonberg
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Wilcox J.Hosp.Infect. 1996; 34: 23

Wilcox 1996
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  university hospital, Cambridge, UK

  matched case-control study (12/94 – 06/95)

  n = 50 CDAD cases

  n = 92 control patients

  mean LOS (day) cases = 46.5 vs. controls = 25.2

  costs attributable to CDAD: ₤ 4,107

Wilcox J.Hosp.Infect. 1996; 34: 23

Wilcox 1996

31 Ralf-Peter Vonberg
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Kyne Clin.Infect.Dis. 2002; 34: 346

Kyne 2002
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Kyne Clin.Infect.Dis. 2002; 34: 346

Kyne 2002

  university hospital, Boston, US

  prospective cohort study (01/98 – 05/98)

  n =   40 CDAD cases

  n = 224 control patients

  median LOS (day) cases = 12 vs. controls = 5

  costs attributable to CDAD: US$ 3,669

33 Ralf-Peter Vonberg
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O´Brien 2007

O´Brien Inf.Control.Hosp.Epi. 2007; 28: 1212934

Ralf-Peter Vonberg
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O´Brien 2007

O´Brien Inf.Control.Hosp.Epi. 2007; 28: 12129

  77 acute care hospitals, Massachusetts, US

  retrospective cohort study (2000)

  n =     3,692 CDAD cases

  n ~ 450,000 control patients

  mean LOS (day) cases = 13 vs. controls = n.m.

  costs attributable to CDAD: US$ 12,705

35 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
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Dubberke Clin.Infect.Dis. 2008; 46: 497

Dubberke 2008
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  tertiary care hospital, St. Louis, US

  retrospective cohort study (01/03 – 12/03)

  n =      439 CDAD cases

  n = 24,252 control patients

  median LOS (day) cases = 10 vs. controls = 4

  costs attributable to CDAD: US$ 9,085

Dubberke Clin.Infect.Dis. 2008; 46: 497

Dubberke 2008
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Financial burden of CDAD

8,283
9,085

12,705
3,669
6,393
9,366

= US$
(in study year)

US$   3,669Kyne 2002

excess cost of
CDAD cases

€   7.147
US$   9,085
US$ 12,705

₤   4,107
A$ 12,600Riley 1995

Vonberg 2008

Wilcox 1996

Dubberke 2008
O´Brien 2007
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Suggested reading

Dubberke Inf.Control.Hosp.Epi. 2009; 30: 5739 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

PART #3

Infection control for the
prevention of CDAD

40
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European Centre for
Disease Prevention and Control

“Basic Guideline“

ECDC guidance document

41 Ralf-Peter Vonberg
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ECDC guidance document

Vonberg Clin.Microbiol.Infect. 2008; 14: 242
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Categories of recommendation

Unresolved issue. Practices for which insufficient evidence or
no consensus regarding efficacy exists.

Suggested for implementation and supported by suggestive
clinical or epidemiologic studies or a theoretical rationale.

Strongly recommended for implementation and supported by
some experimental, clinical, or epidemiologic studies and a
strong theoretical rationale.

Strongly recommended for implementation and strongly
supported by well-designed experimental, clinical, or
epidemiologic studies.

IA

IB

II

?

Vonberg Clin.Microbiol.Infect. 2008; 14: 244
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screening

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

Fecal samples from all CDAD cases, and especially patients
(a) with severe CDAD (e.g., leading to admission to
intensive care unit, undergoing colectomy, or fatal cases),
or (b) in an outbreak situation, should be stored so that
typing can be performed, if necessary, retrospectively.

4.

Do not perform a ‘test of cure’ after treatment.3.

Perform tests for CD or its toxins only on diarrheal
(unformed) stool specimens, unless ileus is present.
Testing of stool specimens from asymptomatic patients is
not recommended.

2.

Promptly perform tests for CD toxins (± the bacterium) in
stool specimens in each case of nosocomial diarrhea and
for individuals who are admitted with diarrhea acquired
outside the hospital. Stop repeated testing of diarrheal
stool samples as soon as CD has been diagnosed. Only
when a recurrence of CDAD is suspected, repeat the CD
testing and exclude other potential causes of diarrhea.

1. IB

IB

IA

IB

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures

45 Ralf-Peter Vonberg
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Be alert for changes in the rate, complications (including
recurrences) or severity of CDAD that may indicate the
introduction of new strain(s).

5.

Ensure appropriate and prompt diagnostic testing of
patients with an acute diarrheal illness not otherwise
explained (especially with diarrhea associated with
antimicrobial therapy).

4.

Define a threshold incidence or frequency of CDAD that
would trigger implementation of additional control
interventions.

3.

Determine the unit-specific baseline incidence of CDAD by
reviewing results of fecal toxin tests or CD cultures.

2.

Ensure routine surveillance of CDAD should be carried out
routinely in hospitals.

1. IB

IB

IB

IB

?

screening

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures

46

Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

Everyone who enters a patient’s room / environment,
including healthcare workers and visitors, should be
educated about the clinical features, transmission and
epidemiology of CDAD.

1. IAscreening

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures

47 Ralf-Peter Vonberg
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Contamination of the patient's room

Verity J.Hosp.Infect. 2001; 49: 20448
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Isolation precautions may be discontinued 48 h after
symptomatic CDAD has resolved and bowel movements
have returned to normal.

5.

Cohorted patients should be managed by designated staff
to minimize the risk of cross-infection to other patients.

4.

If isolation in single rooms is not possible, isolation in
cohorts should be undertaken. If there is a lack of capacity,
then consideration should be given to using a designated
ward or unit for cohort isolation.

3.

A designated toilet or commode (transportable toilet) for
CDAD patients should be provided.

2.

Patients with CDAD represent a source for pathogen spread
to others and should be isolated in single rooms whenever
possible.

1. IB

IB

IB

IB

II

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

screening

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures
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Alcohol-based hand rub should not be the only hand
hygiene measure when caring for suspected or proven CD
positive patients.

3.

There is no recommendation for the use of a soap that
contains antiseptic substances.

2.

Besides the use of gloves, meticulous hand washing with
soap and water is recommended for all staff after contact
with body substances, or following any other potential
contamination of hands when caring for known CDAD
patients. The physical action of rubbing and rinsing is the
only way to remove spores from hands. Washing of hands
using water and soap is also recommended after the
removal of gloves or aprons used during contact with
individual patients.

1. IB

?

IB

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

screening

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures
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Alcohol does not kill bacterial spores

no alcohol alcohol 

Gordin Inf.Control.Hosp.Epi. 2005; 26: 65051 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

Gowns or aprons should always be used for managing
patients who have diarrhea.

2.

Healthcare workers should wear gloves for contact with a
CDAD patient; this includes contact with body substances,
and ⁄ or potentially contaminated environment (including
the immediate vicinity of the patient).

1. IB

IB

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

screening

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures
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After discharge of a CDAD patient, rooms must be cleaned
and disinfected thoroughly.

5.

Toilets and items such as commodes and bed pans, which
are likely to be fecally contaminated, are important sources
of CD spores and must therefore be cleaned scrupulously.
Cleaned commodes and bed pans should be stored under
dry conditions.

4.

Cleaning staff should be notified immediately when
environmental fecal soiling has occurred. Cleaning needs
to be done as soon as possible.

3.

Hospital wards should be cleaned regularly (at least once a
day), concentrating on frequently touched surfaces.

2.

Regular environmental disinfection of rooms of CDAD
patients should be done using sporocidal agents, ideally
chlorine-containing agents (at least 1,000 p.p.m. available
chlorine). The choice of cleaning regimen will depend on
local policy.

1. IB

IB

IB

IB

IB

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

screening

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures

53 Ralf-Peter Vonberg
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Use of different types of thermometers

# of nosocomial CDAD cases 
per 1,000 patient days

(*p = 0.026)

Gordin Inf.Control.Hosp.Epi. 1998; 19: 49454
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The use of disposable materials should be considered
whenever possible.

4.

Thermometers should not be shared and use of electronic
thermometers with disposable sheaths should be avoided.

3.

All equipment should carefully be cleaned and disinfected
using a sporocidal agent immediately after use on a CDAD
case.

2.

Medical devices such as blood pressure cuffs should be
dedicated to a single patient.

1. IB

IB

IA

IB

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

screening

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures
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ESCMID CD treatment guideline

Submitted to Clin.Microbiol.Infect.

Bauer Clin.Microbiol.Infect. submitted56
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Stop any (non-CD) antimicrobial treatment in a patient with
CDAD as soon as possible.

1. IA
surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

screening

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures
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Fecal samples from all CDAD cases should be stored, so
that they can be cultured, either locally or in a reference
laboratory, and typing can performed, if necessary,
retrospectively.

5.

Perform good antibiotic stewardship. Antimicrobial
prescribing (frequency, duration, and types of agents)
should be reviewed as soon as possible, with emphasis on
avoiding the use of high-risk agents (e.g. cephalosporins,
fluoroquinolones and clindamycin) in at-risk patients. Use
these agents only when medically needed.

4.

Review the standard of environmental cleaning to ensure
high quality and frequency of decontamination. If possible,
implement a designated and well-educated cleaning team
especially for the rooms of CDAD patients.

3.

All hygiene measures should be reinforced in case of a
CDAD outbreak.

2.

Infection control staff should always be informed when
there is an increased number or severity of CDAD cases.

1. IB

IB

IB

II

IB

surveillance

education of staff

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

screening

Vonberg Clin.Microbiol.Infect. 2008; 14: 2

isolation procedures
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When transmission continues despite all of the above
measures (e.g. re-opened unit), vacate the unit for intensive
environmental cleaning to eliminate all potential
environmental reservoirs of CD.

10.

When transmission continues despite the assignment of
dedicated staff, close the unit or facility to new admissions.

9.

For details on isolation procedures and dedicated nursing
staff, please refer to the recommendations on isolation
procedures.

8.

Implement interim policies for patient admissions,
placement, and staffing as needed to prevent CD
transmission.

7.

In order to elucidate the epidemiology of CD, isolates from
infected patients should ideally be compared by molecular
methods.

6. II

IB

IB

II

surveillance

education of staff

isolation procedures

hand hygiene

protective clothing

environmental cleaning

medical devices

antimicrobial treatment

nosocomial outbreaks

screening

Vonberg Clin.Microbiol.Infect. 2008; 14: 259 Ralf-Peter Vonberg
Institute for Medical Microbiology and Hospital Epidemiology
Hannover Medical School

… is a common nosocomial complication.

… is a high economic burden for hospitals.

… may be dangerous for affected patients.

Summary:         CDAD …

… requires appropriate infection control.

60
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