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It’s midnight in Europe and I had quiet a 

travel odyssey with 2 missed flights…

“Don’t worry about the world 

coming to an end today.  It is 

already tomorrow in Australia.”

Charles M Schulz, American cartoonist
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Established infection control strategies

General measures
Standard precautions
Hand hygiene
Barrier precautions
Surveillance of infections

Infection-specific measures
Specifically targeted against SSI
Specifically targeted against BSI
Specifically targeted against VAP/HAP
Specifically targeted against UTI

MDRO control
Restriction of AB use, screening, CP, cleaning
CAVE: I will not go through all 100+ 

strong evidence-based measures 

(category 1A) for infection 

prevention and MDRO control



Agenda

• A few thoughts about “evidence” in infection 

control…

• Evidence-base to implement best infection 

control practices, incl. examples:

– HAP/VAP prevention

– CLABSI prevention

– Multimodal interventions

• Conclusions
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Parachute use to prevent death and major trauma 

related to gravitational challenge: systematic review of 

randomised controlled trials

“Parachutes reduce the risk of injury after

gravitational challenge, but their effectiveness has

not been proved with randomized controlled trials”

Smith GC, Pell JP.  BMJ 2003; 327:1459-1461



Evidence vs. common sense?

Do you allow artificial fingernails in your 

hospitals and ICUs?

Here comes a story from the USA…



Spring, 2000

• An outbreak of P. aeruginosa (PSA) in a NICU 

gained national attention

• Epidemiological evidence demonstrated an 

association between acquisition of PSA and 

exposure to 2 nurses

• The evidence supported, but did not prove a 

possible role for long or artificial nails in hand 

colonization with PSA

Moolenar et al. A Prolonged Outbreak of Pseudomonas aeruginosa in a Neonatal Intensive Care Unit: 
Did Staff Fingernails Play a Role in Disease Transmission? 
Infection Control and Hospital Epidemiology. 2000;21:80-85.



Additional Reports

“Candida Osteomyelitis and Diskitis after 

Spinal Surgery: An Outbreak that 

Implicates Artificial Nail Use”

• An OR technician with artificial nails was 

implicated in the outbreak

Parry et al. Clinical Infectious Diseases 2001;32:352-7



Additional Reports (2)

“Endemic Pseudomonas aeruginosa in a 

Neonatal Intensive Care Unit” 

• Results: a history of the use of artificial 

fingernails or nail wraps (P=0.03) was a risk 

factor for hand colonization with P. 

aeruginosa

Foca et al. N Engl J Med 2000; 343:695-700.



Parachutes in infection control

• Artificial nails, tips, wraps etc. should not

be worn by staff members providing direct 

patient care (CDC recommendation)

 “ Requiring short natural

fingernails is a reasonable policy ”



Which are the most effective, 
evidence-based and generally 
applicable elements of hospital 
infection prevention programmes ?

Situation: 
- You are appointed to a new hospital and 
want to be successful! 
- Which ingredients to you need?



Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24
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Dimension 1
[Organisation, structure]

Dimension 2
[Surveillance, feedback]

Dimension 3
[Education, training]

Dimension 4
[Multimodal strategies, 

behavioural change]

Dimension 5
[Policies/resources on 
isolation precautions]

Allocation of indicators to 
the key components

Additional 
systematic review
[auditing, target setting, 

patient participation, 
knowledge management]

Definition of the search strategy; inclusion/exclusion criteria

Elements (14) Elements (5) Elements (11) Elements (4)

Final set of key components (10)

Elements (11)
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2nd set of key components

Creation of list of indicators3rd set of key components

1st set of key components

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



Number of records 

identified through 

database searching

N = 47,948

Additional records 

identified through 

other sources

N = 131

Duplicates from different databases removed: 8362

Articles for title and abstract evaluation: 39,717

Removed after title and abstract evaluation: 37,487

Articles for full text evaluation: 2230

Articles excluded: 1397

- Selection criteria not met: 1040

- Full text inaccessible: 357

Articles for quality assessment: 833

Total records identified: 48,079

Articles included for data analysis and synthesis: 92

[RCT (3), CBA (5), ITS (4), CCS (4), NCBA (34), NCC 

(22), Qualitative (16), Mixed-methods (4)]

Duplicates from different dimensions removed: 226

Removed due to insufficient quality: 515

Zingg W. Lancet Infect Dis. In press

Most evidence was 
from high-income 
countries, with only 
eight (8.7%) studies 
being from upper-
middle-income or 
lower-middle-income 
countries; 

44 (44.6 %) studies 
had been done in 
Europe

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



Methods of evaluation

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24

Evidence graded as low (1), intermediate (2), or 

high (3) on the basis of the median value for the 

studies contributing to the component.

Ease of implementation and applicability were 

graded as low (1), intermediate (2), or high (3). 

Consensus about grading was reached with the

Delphi method.



10 key components for infection control

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



All key components are important and, 

although numbered for convenience, the list 

does not prioritise any over another

Individual hospitals should be encouraged to 

establish the key components that make sense 

in terms of the specific needs and resources 

identified through self-assessment

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24

Important note



Organisation of infection control

An effective infection control 
programme in an acute care 
hospital must include at least: 
one full-time specifically trained 
IC-nurse ≤ 250 beds; a dedicated 
physician trained infection 
control; microbiological support; 
data management support 

Continuous review of surveillance and 
prevention programmes, outbreaks, 
and audits; infection control 
committee in place, inclusion of 
infection control on the hospital 
administration agenda, and
defined goals; appropriate staffing 
and budget for infection control

Indicators

Evidence 2
Ease of implementation 3
EU-wide applicability 3

Key component

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



Ward occupancy and workload

Ward occupancy must not exceed 
the capacity for which it is 
designed and staffed; staffing 
and workload of frontline staff 
must be adapted to acuity of 
care, and the number of pool or 
agency nurses and physicians 
used kept to a minimum

Average bed occupancy at midnight, 
average numbers of frontline workers, 
and the average proportion of pool or 
agency professionals

Key component Indicators

Evidence 2
Ease of implementation 2
EU-wide applicability 2

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



Materials, equipment, and ergonomics

Sufficient availability of and easy 
access to materials and 
equipment, and optimisation of 
ergonomics

Availability of alcohol-based hand 
rubs at the point of care and sinks 
stocked with soap and single-use 
towels

Key component Indicators

Evidence 2
Ease of implementation 2
EU-wide applicability 2

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



A Cluster-Randomized, Cross-over Study of 
the Efficacy of Plain Soap and Water Versus 

Alcohol-Based Rub for Surgical Hand 
Preparation (in Rural Africa)

P. Nthumba; E. Poenaru; D. Poenaru; P. Bird; 
B. Allegranzi; D. Pittet; S. Harbarth

Kijabe Hospital, Kijabe, Kenya; 
WHO; Geneva University Hospitals

Nthumba P et al. Br J Surg 2010; 97: 1621-28



Primary outcome: SSI rates

Type of surgical 

hand prep

Clean surgery (%) Clean-contaminated 

surgery (%)

Combined (%)

Total 114 / 1724 (6.6%) 141 / 1409 (10.0%) 255 / 3133 (8.1%)

Plain soap and 

water

59 / 869 (6.8%) 69 / 727 (9.5%) 128 / 1596 (8.0%)

Alcohol-based 

handrubs

55 / 855 (6.4%) 72 / 682 (10.6%) 127 / 1537 (8.3%)

P values 0.77 0.50 0.80

Nthumba P et al. Br J Surg 2010; 97: 1621-28



Use of guidelines

Use of guidelines in combination 
with practical education and 
training

Adaptation of guidelines to local 
situation, number of new staff 
trained with the local guidelines, 
teaching programmes are based on 
local guidelines

Key component Indicators

Evidence 2
Ease of implementation 3
EU-wide applicability 3

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



National and subnational guidelines

No guideline

One guideline

Two guidelines

Three guidelines

Four guidelines

Five guidelines



VAP Prevention

1. Hand hygiene before and after patient contact, 
preferably using alcohol-based handrubbing

2. Avoid endotracheal intubation if possible

3. Use of oral, rather than nasal, endotracheal tubes 

4. Minimize the duration of mechanical ventilation 

5. Promote tracheostomy when ventilation is needed for 
a longer term 

6. Glove and gown use for endotracheal tube 
manipulation



VAP Prevention (con’t)

7. Avoid non-essential tracheal suction

8. Oral hygiene with chlorhexidine

9. SDD in selected cases

10. Maintain tracheal tube cuff pressures (>20) to prevent 
regurgitation from the stomach

11. Avoid gastric overdistension

12. Promote enteral feeding 

13. Backrest elevation 30-45o



Author/Society
Hand 

Hygiene
Microbiologic

Monitoring

Invasive 
Device

removal

Avoid 
Endotrach

eal 
Intubation

Reduction in 
the 

Prescription of 
AB

Avoid
Reintubat

ion

Promote
NIV if 

possible

Centers for Disease Control and Prevention YES NO MENTION
NO 

MENTION
YES NO MENTION YES YES

IDSA YES YES
NO 

MENTION
YES NO MENTION YES YES

Latin American Thoracic Society YES YES
NO 

MENTION
YES NO MENTION YES YES

Federation of the Infectious Diseases Societies of South Africa YES YES
NO 

MENTION
NO 

MENTION
YES

NO 
MENTION

NO 
MENTION

Association for Professionals in Infection Control and 
Epidemiology

YES YES YES YES YES
NO 

MENTION
YES

The South African Thoracic Society YES YES
NO 

MENTION
YES YES

NO 
MENTION

NO 
MENTION

Brazilian Society of Pneumology and Tisiology YES YES
NO 

MENTION
YES NO MENTION NO YES

The Portuguese Society of Pneumology and Intensive Care YES YES YES YES NO MENTION YES YES

The British Society for Antimicrobial Therapy YES YES
NO 

MENTION
YES NO MENTION YES YES

Association of Medical Microbiology and Infectious Diseases YES YES
NO 

MENTION
YES NO MENTION YES YES

European HAP Working Group/European Respiratory 
Society/ESCMID

YES YES YES YES YES YES YES

The French Society of Hospital Hygiene YES NO MENTION
NO 

MENTION
YES NO MENTION

NO 
MENTION

YES

The Spanish Society of Pulmonology and Thoracic Surgery YES NO MENTION
NO 

MENTION
NO 

MENTION
NO MENTION

NO 
MENTION

YES

Singapore Infection Control Association and Singapore Society 
of Intensive Care Medicine

YES NO MENTION
NO 

MENTION
NO 

MENTION
NO MENTION

NO 
MENTION

NO 
MENTION



Author/Society
Orogastric

Tubes

Cuff
Pressure
(mmHg)

Bed
Elevation

Subglotic
Aspiration of 

Secretions

Silver or AB 
Endotraqueal Tube 

Revestment

Oral 
Decontamin

ation

Selective Digestive 
Decontamination

Centers for Disease Control and 
Prevention

YES
NO 

MENTION
YES NO MENTION NO MENTION NO NO

IDSA YES 20 YES YES NO MENTION YES NO

Latin American Thoracic Society YES
NO 

MENTION
YES YES NO MENTION YES NO

Federation of the Infectious Diseases 
Societies of South Africa

NO 
MENTION

NO 
MENTION

YES not continuous NO MENTION YES NO

Association for Professionals in 
Infection Control and Epidemiology

NO 
MENTION

NO 
MENTION

YES YES NO MENTION YES NO

The South African Thoracic Society YES
NO 

MENTION
YES NO MENTION NO MENTION NO MENTION NO MENTION

Brazilian Society of Pneumology and 
Tisiology

YES 20 YES NO MENTION NO MENTION YES NO

The Portuguese Society of Pneumology 
and Intensive Care

YES
NO 

MENTION
YES NO MENTION NO MENTION YES NO MENTION

The British Society for Antimicrobial 
Therapy

YES 25 YES YES NO MENTION NO MENTION YES

Association of Medical Microbiology 
and Infectious Diseases

YES 20 YES YES NO MENTION YES NO

European HAP Working 
Group/European Respiratory 
Society/ESCMID

YES 20 YES YES NOT PRO OR CON YES NO

The French Society of Hospital Hygiene YES 25-30 YES
NOT YET 

APPROVED
NOT PRO OR CON YES NO

The Spanish Society of Pulmonology 
and Thoracic Surgery

NO 
MENTION

NO 
MENTION

YES YES YES YES NO

Singapore Infection Control Association 
and Singapore Society of Intensive Care 
Medicine

YES
NO 

MENTION
YES YES NO MENTION YES NO MENTION



Country/Region Year Author/Society
Recommendations 
to HAP outside the 

ICU

Recommendations
to VAP

USA 2003 Centers for Disease Control and Prevention NO YES

USA 2005 Iinfectious Diseases Society of America NO YES

Latin America 2005 Latin American Thoracic Society NO YES

South Africa 2005 Federation of the Infectious Diseases Societies of South Africa NO YES

USA 2005 Association for Professionals in Infection Control and Epidemiology NO YES

South Africa 2006 The South African Thoracic Society NO YES

Brazil 2007 Brazilian Society of Pneumology and Tisiology NO YES

Portugal 2007 The Portuguese Society of Pneumology and Intensive Care NO YES

England 2008 The British Society for Antimicrobial Therapy NO YES

Canada 2008 Association of Medical Microbiology and Infectious Diseases NO YES

Europe 2009 European HAP Working Group/European Respiratory Society/ESCMID NO YES

France 2010 The French Society of Hospital Hygiene NO YES

Spain 2011 The Spanish Society of Pulmonology and Thoracic Surgery NO YES

India 2012 The Indian Chest Society NO NO

Singapore 2013
Singapore Infection Control Association and Singapore Society of 
Intensive Care Medicine NO YES

Germany 2013
German Society for Infectious Diseases, the German Society for 
Hygiene and Microbiology, the German Respiratory Society NO YES



Number of recommendations by category

- Category 1A: 31 

- Category 1B: 31 

- Category 1C: 4 

- Category 2: 28

- Unresolved issues: 4

Evidence-based practice to reduce CVC-related infections

CDC guidelines for 

prevention of CVC-related BSI



- Education of healthcare personnel about CLABSI prevention – AII

- Checklists - BII

- Hand hygiene - BII

- Avoiding femoral access – AI

- Using an all-inclusive catheter cart or kit - BII

- Chlorhexidine for skin antisepsis – AI

- Disinfection of catheter hubs, needleless connectors, and injection 
ports before accessing the catheter (B-II)

- Removing non-essential catheters – AII

- Recommendations about change of dressings, tubes and hubs

Marschall. Infect Control Hosp Epidemiol 2008;29:S22

SHEA/IDSA-Guidelines

Emphasis on 

procedures 

and practice 

change!



CLABSI Prevention in the ICU  (Pan-European Survey)

- Local written policies for central line insertion (90%) and care (87%)
- Standardised daily line assessment (70%)
- Subclavian vein preferred (65% in Eastern, 63% in Southern regions)
- Jugular vein (59% in Northern, 49% in Western regions)

Skin antisepsis:
- alcohol-based chlorhexidine: 37%
- ethanol/isopropyl alcohol alone: 21%
- aqueous iodine: 17%
- alcohol-based iodine: 14%

Technology:
- Impregnated catheters: 31%
- Chlorhexidine impregnated sponge: 16%



Team- and task-oriented education and training

Education and training involves 
frontline staff and is team and 
task oriented

Education and training programmes 
should be audited and combined 
with knowledge and competency 
assessments

Key component Indicators

Evidence 3
Ease of implementation 2
EU-wide applicability 3

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



“Train the trainer“ Two workshops per clinical service:
- Presentation of the E-learning tool
- Simulated training sessions

www.carepractice.net

Zingg W et al. PLOS One. 2014
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Sustainability
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Prevention by multimodal strategies

Implementing infection-control 
programmes following a 
multimodal strategy, including 
tools such as bundles and 
checklists developed by 
multidisciplinary teams, and 
taking into account local 
conditions

Verification that programmes are 
multimodal; measurement of 
process indicators; measurement of
outcome indicators

Key component Indicators

Evidence 2
Ease of implementation 3
EU-wide applicability 3

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



WHO-Multimodal hand hygiene promotion

WHO: Guidelines on hand hygiene in healthcare

1. System Change
Alcohol-based handrub at point of care

Access to safe, continuous water supply, 

soap and towels

2. Training and Education

3. Evaluation and Feedback

4. Reminders in the workplace

5. Institutional safety climate



WHO-5

Additional 
components

Hand hygiene intervention components



Luangasanatip N et al. BMJ 2015; 28;351:h3728



Balancing `No blame` with accountability 
in Patient Safety

• « In 2009, low hand hygiene rates are generally 
not a systems problem any more; they are largely 
an accountability problem. »

• Suggestion:
« Chronic failure to clean hands will result in a 1-
week suspension from clinical practice. »

Wachter & Pronovost, N Engl J Med 2009; 361:1401-5



Efficacy of multimodal intervention strategies:

Baseline Intervention

Eggimann 3.1/1000 catheter-days 1.2/1000 catheter-days
Lancet 2000

Ann Intern Med 2005

Pronovost *7.7/1000 catheter-days *1.4/1000 catheter-days
NEJM 2006

Zingg 3.1/1000 catheter-days 1.1/1000 catheter-days
Crit Care Med 2009

Eggimann P. Lancet 2000; 35: 290

Eggimann P. Ann Intern Med 2005; 142: 875 – 5 year follow-up

Pronovost P. N Engl J Med 2006; 355: 26

Zingg W. Crit Care Med 2009; 37: 2167

*mean pooled CRBSI-episodes per 1’000 catheter-days



Data from 25,377 patients with 35,894 central venous catheters: 

263,093 catheter-days and 384 catheter-related bloodstream infections

PROHIBIT – The catheter project

An already relatively low CRBSI rate of 2.4/1000 catheter-days was further 
reduced to 0.9/1000 catheter-days



Bundles in colorectal surgery

Crolla et al. PLoS One. 2012



Interventions

• Hair removal

– Introduction of clippers

• Antibiotic prophylaxis

– Correct timing, dosage, duration and drug

• Normothermia

– Measurements of patients

• Door openings

– Who, When, Why analysis

Crolla et al. PLoS One. 2012



0

20

40

60

80

100

120

2008 2009 2010 2011

bundle compliance

% SSI rate (%)

Bundle compliance

Crolla et al. PLoS One. 2012



Surveillance, feedback, and networks

Participating in prospective HCAI 
surveillance and offering active 
feedback, preferably as part of a 
network

Participation in nationals and 
international HCAI surveillance 
initiatives, number and type of 
wards with a surveillance, regular 
review of the feedback strategy

Key component Indicators

Evidence 2
Ease of implementation 2
EU-wide applicability 2

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



SSI rates according to duration of 
surveillance, Western CH
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Standardisation of audits

Organising audits as a 
standardised (scored) and 
systematic review of practice 
with timely feedback

Measurement of the number of 
audits (overall, and stratified by 
departments, units and topics) for 
specified time periods

Key component Indicators

Evidence 2
Ease of implementation 2
EU-wide applicability 3

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



Infection control audits: a reality check…



Role and engagement of champions

Identifying and engaging 
champions in the promotion of 
intervention strategies

Interviews with frontline staff and 
infection-control professionals

Key component Indicators

Evidence 3
Ease of implementation 2
EU-wide applicability 2

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



Creating a positive organisational culture

A positive organizational culture 
by fostering working relationships 
and communication across units 
and staff groups 

Questionnaires about work 
satisfaction, crisis management, 
and human resource assessments 
of absenteeism and staff turnover

Key component Indicators

Evidence 3
Ease of implementation 2
EU-wide applicability 3

Zingg W. Lancet Infectious Diseases. 2015; 15: 212-24



Conclusions

■ Evidence-base for successful and effective infection 

control interventions has greatly improved over the 

last 2 decades

■ Still need for more high-quality randomised clinical 

trials for specific & important questions

■ Gaps in patient safety because existing tools and 

interventions are not implemented widely 



- The question today is not ‘what to do’,
but ‘how to do it’

- Hospitals are well advised to think how 
they can implement practice change in 
their institutions while respecting local 
barriers

 Think implementation and practice!

Conclusions (2)



Structures/activities
• Organisation/staffing
• Surveillance/feedback

Resources/management
• Organisation/staffing
• Bed occupancy/workload

Implementation
• Material/devices/ergonomics
• Guidelines
• Team- and task- oriented 

education and training
• Multimodal strategies
• Engagement of champions

Organisational culture
Creating a positive 

organisational culture



Thank You!


