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Weinstein RA. Epidemiology and control of nosocomial infections in adult intensive 
care units.

Am J Med 1991;91(suppl 3B):9S–184S.

• More than 20 years ago, Dr Robert Weinstein estimated 
that the source of pathogens causing a healthcare-
associated infection in the intensive care unit was as 
follows:

• patients’ endogenous flora, 40%–60%; 
• cross infection via the hands of personnel, 20%–40%;
• antibiotic-driven changes in flora,20%–25%;
• other (including contamination of the environment), 20%.
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In conclusion, there are insufficient scientific data
to support the strong recommendation to routinely
disinfect environmental surfaces in health care
facilities except in certain high risk areas (e.g., isolation
units) or possibly to prevent transmission of
high-risk organisms (e.g., MRSA, VRE).
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Trends in MRSA in %  in different European 
Countries reported by EARSS
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Trends in Gram- negative Bacteria in Germany
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Hand disinfection



Renewed interest in nonepathogen-specific approaches
to infection prevention L.F. Chen / American Journal of Infection Control 41 (2013) 448-51

• enhancing hand hygiene performance,
• Improved cleanliness of health care environment, 
• adherence to practices and bundles that reduce device-related 

infections, and
• optimal measures to reduce surgical site infections. 
• Furthermore, there are modeling studies that indicate that 

nonepathogen-specific infection prevention measures could effectively 
reduce more HAIs with less cost compared with traditional pathogen-
specific interventions

• the role of MRSA transmission via contaminated environmental or non-
human surfaces is becoming better appreciated

• Although antibiotic resistance will continue, we can look toward 
nonantibiotic measures to control the problem of MRSA infections, such 
as antibiotic stewardship and improved technologies for cleaning and 
disinfecting patient rooms
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Infection control and hospital epidemiology may 2013, vol. 34, no. 5
Understanding and Preventing Transmission of Healthcare-

Associated Pathogens Due to the Contaminated Hospital 
Environment  David J. Weber, William A. Rutala



Weber et al. 2013, Otter et al. 2013
• hospitalization in a room in which the previous patient had been 

colonized or infected with MRSA, VRE, C. difficile, multidrug-resistant 
Acinetobacter, or multidrugresistant Pseudomonas has been shown to 
be a risk factor for colonization or infection with the same pathogen for 
the next patient admitted to the room

• Recent studies show that admission to a room previously occupied by a 
patient with Clostridium difficile, vancomycin-resistant enterococci 
(VRE), meticillin-resistant Staphylococcus aureus(MRSA), 
Acinetobacter baumannii and Pseudomonas aeruginosa increases the 
risk of acquiring these pathogens for subsequent occupants of the 
same room by a factor of two or more.

• Multiple studies have demonstrated that less than 50% of hospital room 
surfaces are adequately cleaned and disinfected when chemical 
germicides are used.



Environmental contamination is important
• Evidence accumulating that contaminated surfaces 

contribute to transmission of major hospital pathogens and 
improved environmental decontamination contributes to the 
control of outbreaks.

• ◦ Clostridium difficile (Cdiff)
• ◦ Vancomycin-resistant enterococci (VRE)
• ◦ Methicillin-resistant Staph. aureus (MRSA)
• ◦ Acinetobacter baumannii, Pseudomonas aeruginosa
• ◦ Norovirus



• Survival of nosocomial pathogens on surfaces has been 
reviewed by Kramer et al.

• Under certain conditions, Cdiff spores, VRE, MRSA, 
Acinetobacter can survive for ≥4–5 months on dry surfaces; 
norovirus for ≥ a week.

• Kramer A, Schwebke I, Kampf G. How long do nosocomial 
pathogens persist on inanimate surfaces? a systematic 
review. BMC Infect Dis 2006;6:130.



• Colonized /infected patients are more contaminated than 
their surrounding surfaces.

• ◦ VRE: around 103 CFUs/50 cm2 on patient skin
• ◦ Cdiff, VRE, MRSA stool concentration 103 -109 CFUs/g
• ◦ Norovirus >1012 /g stool, >107 /vomit bolus
• Surface concentrations of pathogens usually <1 - 100 

CFUs/cm2, often detected only by broth enrichment
• ◦ But sometimes much higher.



• <15 S. aureus cells cause infection in experimental lesions
• <CFU/cm2 C. diff sufficient to cause C. difficile infection 

(CDI) in mice
• A single norovirus particle can cause infection.
• Touching a VRE-contaminated surface carries the same 

risk for acquisition of VRE on hands as touching an 
affected patient.



• C. diff.  found in 17% of samples from rooms of patients 
without known C. diff infection.

• MRSA cultured from 43% of beds of patients not known to 
be MRSA positive.

• VRE cultured from 13% of surfaces of rooms of patients 
with unknown VRE status.

• Most likely due to continued viability of organisms shed by 
previous occupants



• Previous presence of a colonized/infected patient in a side 
room as a risk factor for acquisition of the same pathogen 
by new occupant, presumably because of residual room 
contamination not removed by terminal 
cleaning/disinfection.

• Shown for VRE, MRSA, Cdiff, Ps. aeruginosa, A. 
baumannii.



• Patients and contaminated surfaces transfer VRE to the 
hands of HCWs at similar frequencies.

• Hand hygiene compliance was 80% after patient contact, 
compared with 50% after environmental contact, 
suggesting that environmental hand contamination is partly 
due to poor hand hygiene.



• Surfaces in vicinity of patients that are touched frequently 
by HCWs and patients—termed “hightouch surfaces”—
have the highest frequency of contamination

• ◦ bed rails, bed surface, keyboards, taps, door handles etc 
etc



Nosocomial pathogens and the environment 
• Dry surfaces:
• - MRSA
• - VRE
• - Acinetobacter spp.  
• - Clostridium perfringens
• - Norovirus 
• - Molds 

• Wet areas (sink, sink drain, 
toilettes, tap water etc. )

• - P.aeruginosa
• - Klebsiella spp., Serratia spp.
• - Enterobacter cloacae
• - Acinetobacter
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Definition of Surface disinfection
• Surface disinfection is defined according to prEN 14885 

(draft 2012) Chemical disinfectants and antiseptics –
Application of European Standards for chemical 
disinfectants and antiseptics,

• as chemical disinfection of a solid surface, excluding those 
of certain medical and veterinary instruments, by the 
application of a product with or without mechanical action. 

• Application methods include circulation, dipping, flooding, 
immersion, spraying, fogging, wiping



Purpose of surface disinfection 
• The purpose of routine or targeted disinfection of inanimate 

surfaces is the killing or irreversible inactivation of 
pathogens to an extent which prevents subsequent 
infection transmission.



Situations:

• 1. “high-touch” (i.e. frequently touched) surfaces near 
patients

• 2. surfaces where contamination is assumed
• 3. surfaces with visible contamination (blood, pus, 

excrements)
• 4. terminal disinfection in rooms or areas where infected or 

colonized patients were treated or nursed, or in outbreak 
situations.



Efficacy testing of disinfectants in Europe
• disinfectant testing is conducted
• at an international level by the Organisation for Economic 

Co-operation and Development (OECD),
• At a European level by the Centre Européen de 

Normalisation (CEN) and
• at a national level by various professional societies and 

institutions.



• Since 1989, methods for efficacy testing of disinfectants
• in Europe have been developed by the Technical 

Committee 216 (TC 216) “Chemical disinfectants and 
antiseptics” of CEN.

• Working Group 1 (WG 1) of TC 216 focuses on human 
medicine and has been allocated to the Deutsches Institut 
für Normung (DIN) in Berlin



Developing  standardised test methods in three 
phases.

• 1. Phase 1 tests are quantitative suspension tests to establish that active 
substances or products under development have bactericidal, fungicidal or 
sporicidal activity without regard to specific areas of application.

.
• 2. Phase 2 comprises two steps.
• Phase 2, step 1 tests are quantitative suspension tests to establish that a 

product has bactericidal, fungicidal, yeasticidal, mycobactericidal, 
tuberculocidal, sporicidal or virucidal activity under simulated practical 
conditions appropriate to its intended use.

• Phase 2, step 2 tests are quantitative laboratory tests to establish that a 
product has bactericidal, fungicidal, yeasticidal, mycobactericidal, 
tuberculocidal, sporicidal or virucidal activity when applied to a surface or skin 
under simulated practical conditions (surface, instrument, handwash and 
handrub tests). 

• 3. Phase 3 tests are field tests under practical conditions. Applicable 
methodology for this type of test is not yet available but may be developed in 
the future.



Efficacy testing at a national level
• The German Disinfectants Commission of the Association 

of Applied Hygiene (VAH) is an independent expert panel 
founded in 1959, initially as a Commission of the German 
Society for Hygiene and Microbiology (DGHM).

• Its tasks include the development of guidelines and 
standards for efficacy tests, and all valid European 
standards are integrated in the DGHM/VAH test methods



National List for Disinfectants
• The VAH Disinfectants Commission compiles a list of 

effective disinfectants tested according to the DGHM 
Standard Methods

• This list provides the end-user with a choice of reliably 
effective disinfectants for routine applications tested under 
conditions simulating practical use.



Use of pre-soaked wipes
• Pre-prepared wipes are increasingly being used in clinical 

situations for the cleaning or disinfection of low risk 
equipment and the near-patient environment….

• Despite their growing popularity, however, there is a poor 
level of evidence to support the efficacy of disinfectant 
wipes in real life use.

• This is particularly important when wipes are used to 
support a reduction in the transmission of micro-organisms 
via the environment, including spores such as Clostridium 
difficile (“C. diff”).



Terminal disinfection
• Terminal disinfection is performed in areas or rooms 

previously used for nursing or treating patients infected 
and/or colonised with pathogens.

• This disinfection aims to ensure that the room/area can be 
re-used safely for other patients without posing an 
infectious hazard.

• Terminal disinfection is applied to all potentially 
contaminated surfaces and objects.

• vapour/aerosolized hydrogen peroxide



Biocides and antimicrobial resistance
• the present scientific data does not suggest that resistance 

problems will emerge, provided there is proper use of 
efficacious surface disinfectants.

• Actions to reduce the potential impact of biocides on 
antimicrobial resistance include some aspects 



• Design and use biocidal products which rapidly reach lethal 
concentrations 

• Identify sublethal concentrations which may trigger 
resistance

• Avoid repeated, widespread use of biocides at sublethal 
concentrations

• Carefully assess the risk/benefit profile for triclosan, QACs 
and other substances suspected of triggering resistance

• Provide clear, intelligible instructions and training on the 
proper use of disinfectants

• Use antimicrobial substances properly



Ensure compliance with standard
principles

• adequate training and (continuing) education of both in-
house and external staff,

• consultation with the infection control team,
• written Standard Operating Procedures,
• appropriate choice of disinfectant and other utensils 

needed for cleaning and disinfection,
• implementation of external and/or internal audits.



Evaluate and establish monitoring
techniques

• fluorescent markers,
• Adenosine triphosphate (ATP) bioluminescense to 

measure residual organic matter on surfaces,
• Microbiological tests such as swab cultures and Agar Slide 

Cultures
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German Hospital Hygiene Guideline



German Hospital Hygiene Guideline
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Routine disinfection 
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Environmental Monitoring 



Recovery rate of culture methods for nosocomial  
pathogens from environmental surfaces is low
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Use of pre-soaked wipes
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Concluding remarks I
• There is now good evidence that contaminated dry 

surfaces contribute to the spread of nosocomial pathogens.
• It is undisputed that environmental disinfection is necessary 

in certain risk areas and in outbreak situations.
• It is widely acknowledged that proper use of disinfectants 

contributes to the control of pathogens in outbreak situation 
as part of a bundle strategy.



Concluding remarks II
• There is an urgent need to harmonize test procedures in 

order to demonstrate the efficacy of disinfectants including 
new application methods such as pre-soaked wipes for 
surface disinfection.

• Current understanding of toxicity and resistance 
mechanisms confirms that prudent implementation of 
surface disinfection regimens can prevent or minimize 
adverse effects.



Concluding remarks III
• There are many reports of insufficient and inadequate 

implementation of existing environmental cleaning and 
disinfection regimens.

• Therefore, future activities should focus on improving the 
quality of and the compliance with environmental 
disinfection procedures in accordance with a carefully 
designed set of standards
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