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Educational Program Learning Objectives

1. Increase awareness of waterborne pathogens as a source 
of HAI

2. Understand mechanical, operational & chemical challenges 
that may increase risk for waterborne pathogen 
amplification

3. Understand basic concepts to implement a successful 
Water Management Program & ASHRAE 188-2015 review

4. Review additional interventions for immunocompromised 
patient units

5. Review publications and studies regarding waterborne 
pathogens as a source of infection

6. Understand proper application of Sterilizing Grade Filtered 
Water via Point of Use Filtration
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• Enrolled in Masters in Public Health Program, GCU

• Pursuing Certification in Infection Prevention & Control (CIC®)

• Over 17 years of experience in advising and helping healthcare 
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facilities reduce their risk due to waterborne pathogens in all water 
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• Specific areas of focus include microbiological filtration and 
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Why am I listening to a Mechanical Engineer 
talk about HAIs and Water in Healthcare?

Hot Pipe SizeCold

Warm
High Flow

Low Flow
Throttled Flow

Uninsulated Pipes

Insulated Pipes

Offline Equipment

Fluid Dynamics Water Chemistry

Low Use Fixtures

Deadlegs



What do Facility Managers and 
Infection Preventionists have in common?

Not Enough Hours In The Day!

You Each Have Your Own Priorities

You Each Have Your Own Perspective

Both Teams Can Reduce the Risk Associated 
with Waterborne Pathogens & HAIs

But it takes a team effort!



Water is essential…        
And yet, water can cause 

unintended human harm if 
not properly engineered, 
managed and monitored.



In most circumstances, well-controlled, hygienic water is delivered from water plants 
to cities. During transport, water is cold and flows continuously through large 
diameter pipes. However, this situation changes dramatically at the point-of-entrance 
to buildings1, 2. Within buildings water stagnates and its temperature increases. It 
passes through complex internal distribution systems consisting of narrow pipes with 
possibly corroded inner surfaces and dead ends. This environment provides optimal 
conditions for the formation of biofilm from which bacteria and other microorganisms 
are continuously released into the water 3-5.

Image 1: Drinking water is derived from lakes, rivers or deep underground. It is purified in water plants and transported 
underground in large diameter pipes to cities and buildings, where it then runs through small diameter pipes, stagnates and 
warms up. These conditions are ideal for biofilm formation.

What happens to drinking water from its origin to t he tap?



Complex Drinking Water Supply Chain

Why can we not rely on the Water Treatment Plant alone?
• Domestic Water is not Sterile Upon Entry into Facility
• Building Plumbing Systems Allow Further Biofilm Growth and Proliferation 
• Often Times Severely Immunocompromised Patients Contact & Use H2O



Complex Drinking Water Supply Chain
Why can we not rely on the Water Treatment Plant alone?



Why can we not rely on the Water Treatment Plant Al one?

http://www.slcdocs.com/utilities/PDF%20Files/Annual%20Reports/DRINK%20UP%202015%20web.pdf 
http://cas.umn.edu/assets/pdf/Turbidity%20Tube.pdf



Hospital Water Turbidity Challenges

• “Providers of drinking water (e.g., municipal utilities) could reduce 
waterborne pathogen numbers by reducing the turbidity of water”

• “cells of the known plumbing pathogens are relatively hydrophobic 
and prefer attachment to particulate matter to free suspension in 
water.”

• “turbidity reductions of surface water led to reductions in M. avium 
numbers [27]. 

• “Disinfectant residuals should be maintained as waterborne 
microorganisms can grow in the absence of disinfectants.”

• “Nutrient reduction would be expected to reduce opportunist 
plumbing pathogen numbers as they require low levels of 
[assimilable organic concentrations]”

Falkinham, J. O., Pruden, A., & Edwards, M. (2015). Opportunistic Premise Plumbing Pathogens: Increasingly 
Important Pathogens in Drinking Water. Pathogens, 373-386. doi:10.3390/pathogens4020373



SYSTEM CONDITIONS Complexity, age, poor temperature 
controls, lack of residual disinfectant, and water stagnation 

can provide conditions that allow formation of biof ilms.

55 � C 60 � C

Warm and cold 
water pipes are 

frequently installed 
in the same duct
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Complex Drinking Water Supply Chain (Denver 10/16/2015)

Was this repair done aseptically? Does the water still meet the SDWA?



Utility & Domestic Services
Temperature vs. Proliferation Risk
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Which sink option is best?

Knee/foot pedals Sensor faucets Wrist blades

What do you consider when evaluating these options?

Portal of 
Exit



What does the wetted surface look like inside sink fixtures?



Again, the P. aeruginosa outbreak was attributed to 
contaminated water in the hospital system , with 
inadequate hand hygiene increasing the risk of transmission to 
neonates with invasive devices. “The PFGE matches were 
between one patient isolate and a faucet swab and a  swab 
of a shelf adjacent to the sink in the patient’s ro om,” she 
tells Hospital Infection Control & Prevention. “For another 
patient isolate, the PFGE pattern matched the sink surface in 
the patient’s room.

So we recommended water restrictions to protect other 
patients. That included no patient contact with the water in the 
unit. We had the sinks blocked off , hand sanitizer brought to 
patients, bottled water for drinking, shaving, brushing of 
teeth – all hygiene measures.”



Why does your healthcare facility use these?



Bioburden / Biofilm



Why are these interventions appropriate for 
medical devices, but not effective with respect 

to hospital plumbing systems?



What is biofilm and how does it develop?

In water distribution systems biofilm can develop within a few days even if the water 
meets drinking water criteria 2. Biofilm can host bacteria, amoeba, algae and other 
microorganisms. Under low flow conditions, such as in dead legs, particularly thick 
biofilms can form. Under the force of water flow biofilm shears off and biofilm 
particles can colonize other parts of the water distribution system3. External 
physical stress in the pipework, such as disinfection measures, can result in an 
increased expression of the biofilm phenotype cell which is responsible for the 
strong attachment of cells to a surface 5. 

Image 2: Biofilm establishes in several phases over a few days. 
It contains microorganisms within its slimy matrix. With increasing thickness, biofilm particles containing large amounts of bacteria 
are released into the water stream. 



Why does biofilm influence the water quality?

With increasing thickness, biofilm better protects the microorganisms within, from 
chemical agents and thermal disinfection procedures 2, 5. It is extremely difficult to 
completely eradicate the biofilm community once established. Irregular shedding 
from a biofilm can result in significant deviations of bacterial counts at sampling sites 
or points-of-use (POU) 2-4. Bacteria within biofilm communities have been shown to 
exhibit greater resistance against antimicrobial treatments than corresponding 
planktonic cells 3.

Image 3: When biofilm loaded with bacteria is released into the water stream, high microbial counts may be measured at the 
outlets. Annual testing provides only a snapshot of information, while regular testing is useful to monitor the bacterial risk of a 
pipe network. 



The majority of bacteria in a water pipework live within biofilm (about 95%) and only 
about 5% occur in the water phase 4, 6. Biofilms contain a large variety of 
waterborne microorganisms. These include protozoa (e.g. Acanthamoeba), fungi 
(e.g. Aspergillus spp.), viruses and a number of human pathogenic bacteria 1, 3-6,. 
Among those bacterial species found in biofilm that are potentially harmful for 
immunocompromised people are Pseudomonas aeruginosa, non-tuberculous 
Mycobacteria, Stenotrophomonas maltophilia, Acinetobacter baumanii, 
Chrysobacterium spp., Sphingomonas spp., and Klebsiella spp. 3-6. Legionella 
pneumophila is perhaps the best-known bacterium colonizing biofilm, and it can be 
found in both central storage areas (e.g. water tanks) as well as peripheral water 
outlets 2,3,5. Waterborne Pseudomonas aeruginosa is a major cause of severe 
infections 7-9 including pneumonia, sepsis, wound and skin infections.

Image 4: Biofilm in water networks may contain a large variety of microorganisms such as fungi (e.g. Aspergillus spp., left), rod-
shaped bacteria (e.g. Legionella spp., middle) and protozoa (e.g. amoeba, right).

Which microorganisms can be found inside biofilms?



The Viable But Non-Culturable (VBNC) cell fails to grow on routine bacteriological 
culture media, but is alive and capable of renewed metabolic activity - indeed it can 
be “resuscitated” to a culturable state with renewed virulence 6,10-12. This discovery 
has thrown the accuracy of quantifying culturing techniques into question. It is 
understood that a high proportion of biofilm dwelling cells live in the VBNC state 
and that the VBNC state can be induced by antibacterial material such as copper 
pipes 11 as well as by thermal treatments 12. As water pathogens such as P. 
aeruginosa in their VBNC state are not detectable by standard culture methods, 
alternative diagnostic technologies such as Polymerase Chain Reaction (PCR) or 
Fluorescence In Situ Hybridization (FISH) are required in order to confirm their 
presence 6. 

Image 5: Chemical or heat disinfection can destroy layers of biofilm and organisms within those layers. However, biofilm is rarely 
completely removed and bacteria can survive in a VBNC state (displayed as blue cells). Those cells can establish new colonies
after chemical or heat treatment cessation. 

What are Viable But Non-Culturable cells?



Amoeba are very important hosts for water bacteria. L. pneumophila, Mycobacteria 
spp. and other “amoeba resistant bacteria” can be carried by these protozoa 13,14. 
Legionellae are taken up into amoeba without being digested and replicate there 
within vacuoles. When the Legionellae have reached a certain density, the 
vacuoles release them into the water system 14.

Image 6: Amoeba can incorporate Legionella which then proliferate inside vacuoles and are later released, either in the form of 
planktonic, free living bacteria, or packed within vacuoles.

What role do amoeba play in the biofilm community?



Are there any Mechanical Engineers or 
Civil Engineers in the room?



Has anyone considered Fluid 
Dynamics as it pertains to Infection 

Control?



Which is the best option at point of use?
What do you consider when evaluating these 

options?

Point of Use Filter



Low Flow (use, flushing or laminar flow devices)



Why is Pseudomonas aeruginosa of particular concern?
Pseudomonas aeruginosa is one of the most problematic bacteria in health care 
facilities and is responsible for about 10-20% of hospital-associated infections (HAIs) 
(pneumonia, wound infections, blood stream infections and urinary tract infections) in 
intensive care units (ICUs) 8. Several studies have shown that up to 50% of the 
hospital acquired P. aeruginosa infections may be derived from the water distribution 
system 15-17. Infection chains from water taps to people have been reported. P. 
aeruginosa easily colonizes all kinds of fluids (even distilled water) and rapidly forms 
biofilms8. P. aeruginosa strains have developed resistance against commonly used 
antibiotics, rendering effective treatment increasingly complicated and expensive 18. 
P. aeruginosa is also increasingly recognized as a problematic water pathogen 
outside of hospital settings.

Image 7: Pseudomonas aeruginosa is an aerobic bacterial species and commonly found at the periphery of water systems such 
as taps, showers or sinks. A greenish color on the underside of a tap aerator may indicate colonization with Pseudomonas 
aeruginosa. 



Inhalation and aspiration represent transmission pathways for Legionella spp. whereas 
Pseudomonas spp. is mainly transmitted by contact and aspiration. During daily routines, 
tap water is used for personal hygiene. For example, in the healthcare environment, due 
to the severity of their disease states, ICU patients often have multiple access devices 
such as catheters, drains and tracheal tubes. These portals of entry represent potential 
entrance sites for bacteria. Droplets of contaminated tap water or contaminated hands of 
nursing staff can inadvertently come into contact with those entrance sites. Rogues et al. 
reported that 14% of ICU health care workers hands were Pseudomonas positive when 
washed with contaminated tap water and 12% were positive when the last contact was 
with a Pseudomonas positive patient 19. Contaminated bottled water or contaminated 
water from drinking water dispensers has also been described as a source of hospital-
associated Pseudomonas infections in ICUs and Bone Marrow Transplantations (BMTs)
20, 21.

Image 8: Water for wound care, or the patient’s personal hygiene, may contain bacteria resulting in patient colonization and infection. 
A patient may not necessarily have to use a water outlet to become colonized; immobilized patients, e.g. within ICUs, can come in 
contact with contaminated water brought by the nursing staff to the patient’s bed.

What are the pathways for infection transmission fr om water 
sources to people?



Water distribution systems in large buildings are frequently complex networks and 
can be up to 50 km in length. Dead ends, corroded pipes, low throughput, 
insufficient temperature below 55 °C in the hot water  pipes and above 20 °C in the 
cold pipes contribute to biofilm formation and impede eradication of biofilm. Heat & 
flush procedures (10-20 minutes of simultaneous flushing of all outlets with water 
heated to > 70 °C) may have only short term effects 22,. Legionella strains may even 
become heat resistant after thermal treatment over a long time 12,. Thermal 
procedures can result in warming up cold water 23 when both hot and cold water 
pipes are located in the same duct increasing the risk of biofilm in cold water. 
Chemical treatments are bactericidal
to free floating bacteria but have
limited effects on biofilm and may
create hazardous byproducts during
use 22, 24, 25.
Therefore, areas with vulnerable 
users require additional interventions
(e.g. point-of-use water filtration) to
minimize patient’s exposure to 
waterborne pathogens.

Why is complete biofilm eradication by systemic tre atments 
so difficult?

Image 9: Water systems in hospitals can contain corroded pipes and dead ends which cannot be reached by systemic 
disinfection. From there, bacteria can be released to recolonize the system after disinfection has been stopped. Construction
work may also cause biofilm release into the network, colonizing other parts of the water system. 



Point-of-use water filters are used as an additional physical barrier in those areas 
where immunocompromised people come into contact with water 26-47 and in 
outbreak or critical contamination situations. They can be flexibly installed at 
faucets (tap filters) or connected to shower hoses (shower filters). In medical 
facilities the most common areas for POU water filter installation are bone marrow 
transplant units, hematology/oncology units, ICUs, transplantation units, burn units, 
neonatology, manual endoscopic reprocessing, birth tubs, kitchen (for food 
preparation and drinking water provision), and geriatric departments. Based on the 
clinical experiences POU water filtration is also increasingly used in other areas 
with immunocompromised patients such as nursing homes or home care settings.
POU filters are quickly installed
which makes them an effective
management tool in acute
situations such as outbreaks
e.g. in public buildings, apartment
houses, swimming pools, sports
centers and hotels. 

Where are point-of-use (POU) water filters (tap fil ter, shower 
filter) typically used?

Image 10: Point-of-use water filters can be installed at taps, showers or in-line applications in various health care settings, such 
as hospitals, day surgery units, dental practices, dialysis units, or rehabilitation centers. They may also be used for 
immunocompromised homecare patients.



“Unlike normal cells that are culturable on suitable media and develop into 
colonies, VBNC cells are living cells that have lost the ability to grow on 
routine media, on which they normally grow” (Oliver, 2000).

What is Viable but Non-Culturable?



• Loss of culturability was shown to increase with hi gher 
levels of free chlorine , but despite a low nutrient environment 
and complete loss of culturability, Pseudomonas aeruginosa 
was able to recover 24 hours after the stress was r emoved .  
This indicated that a membrane injury was occurring, but the 
damage was reversible.

• Current primary and secondary disinfectant programs  may 
not be sufficient to completely inactivate suspende d or 
clustered cells .  More importantly, if planktonic (bulk water) 
Pseudomonas aeruginosa cannot be controlled through current 
methodologies of disinfection, the microorganisms protected in 
sessile (surface) biofilms will be even more of a challenge to 
control.

What is Viable but Non-Culturable?

Bedard, E., Charron, D., Lalancette, C., Deziel, E., & Prevost, M. (2014). Recovery of Pseudomonas aeruginosa culturability 
following copper- and chlorine-induced stress. Federation of European Microbiological Societies, 226–234. doi:10.1111/1574-
6968.12494



Outbreak 
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Proactive 
Installations

What can a Hospital do to Minimize Risk?



What can a Hospital do to Minimize Risk?

RiskRisk 
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Follow 
ASHRAE 
188-2015

Secondary 
Disinfection

Point of Use 
Filters

Increase 
Hot Water 

Temp. Eliminate 
Dead legs

Maximize 
Flow

Prefiltration 
(turbidity)

Pathogen 
Testing



Reimbursement

Risk

Why Should you Consider Additional Waterborne 
Pathogen Intervention Strategies Today?



Genotype 
Isolates

Litigation 
Price Tag

Medicare 
Reimb.

Sicker 
Patients

Filter 
Validation

Evidence 
Based 

Publications

MDROs

Operators 
License
(secondary 
disinfection)

http://khn.org/news/medicare-penalizes-758-hospitals-for-safety-incidents/

Includes: 11 in Utah (4 in Salt Lake City)



What is Point of Use Filtration? 

Portal of Exit



There are various types of POU filters & manufactur es



• Comfortable handling 

• Documented validation

Can infection/colonisation rates be reduced?

• Suited for cold and hot water

• Immediate and efficient barrier

Point-of-use filters may be

• Compatible with chemical & thermal disinfection 

• Quick & easy to install

The Definition of Point of Use Filtration may diffe r



Ice Machines





  

Ice Machines Maintenance



“Guidelines for Environmental Infection Control in 
Health-Care Facilities Recommendations of CDC and 
the Healthcare Infection Control Practices Advisory  

Committee (HICPAC)”

Ice Machines are a possible source of infection due to microorganism 
contamination

“Microorganisms may be present in ice, ice storage chests, and ice-
making machines. The two main sources of microorganisms in ice 

are the potable water from which it is made and a transferral of 
organisms from hands. Ice from contaminated ice machines has 

been associated with patient colonization, blood stream infections, 
pulmonary and gastrointestinal illnesses, and pseudoinfections. 

Microorganisms in ice can secondarily contaminate clinical 
specimens and medical solutions that require cold temperatures for 

either transport or holding.”

Ice Machine Statement from CDC



“Guidelines for Environmental Infection Control in 
Health-Care Facilities Recommendations of CDC 

and the Healthcare Infection Control Practices 
Advisory Committee (HICPAC)”

Microorganisms associated with ice machine 
contamination from potable water:

� Legionella spp. 

� Nontuberculous mycobacteria (NTM) 

� Pseudomonas aeruginosa 

� Burkholderia cepacia 

� Stenotrophomonas maltophilia 

� Flavobacterium spp. 

Ice Machine Statement from CDC



• Manufacturers guidelines need to be adhered to. Cleaning and disinfection 
procedures and frequency.

• Filter incoming water with sediment filters (1-10 micron) and change-outs as 
per manufacturer recommendation. Be aware of bacteria bleed by of 
sediment filters and change accordingly.

• Do not use carbon filters on ice machines unless only required if disinfectant 
(chlorine, chlorine dioxide) odor/taste is objectionable 

• Consider 0.2 micron absolute point-of-use filtration on high risk ice machines 
placed downstream of sediment/carbon filters.

• Use sterile or sterile grade filtered water with 0.2 micron for all water used to 
clean and disinfect machine components.

• Use sterile or sterile disposable basin for soaking components. Do not use a 
sink due to drain contamination.

• Avoid contamination of ice machine drains trays. This increases risk 
retrograde contamination on ice chute and water dispenser.

Ice Machine Best Practices



Systematic Risk Management



» Pathogen Water Safety Plans
•Hazard Analysis
•Process Flow Diagrams
•Plan Design & Implementation
•Awareness Training
•Verification & Validation

» Web-based Data Monitoring & Management

» Consulting & Support
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Cycle of
Safety

Water Safety Plans
Expert Risk Management



ASHRAE 188-2015PURPOSE 
ASHRAE Standard 188 is essential for anyone involved in design, construction, 
installation, commissioning, operation, maintenance, and service of centralized 
building water systems and components. Its purpose is to establish minimum 
Legionellosis risk management requirements for building water sys tems . 
Must establish a Water Management Program that is continuous.

PROGRAM REQUIREMENTS 
ASHRAE Standard 188 does not provide (or place rest rictions on) what specific 
strategies are to be used or applied to comply with  the requirements of the 
standard. Recommendations and guidance on the design, maintenance, and 
operation of building water systems are provided in ASHRAE Guideline 12, Minimizing 
the Risk of Legionellosis Associated with Building Water Systems. Guideline 12 
describes specific management and control strategies such as recommended water 
treatment and temperature, system operation and maintenance and other strategies 
that can be implemented to reduce risk. 

Normative Annex A : S pecific requirements for healthcare facilities . 
• Team must include senior organizational leadership, facilities management & IC 
• Additional requirements for a more detailed water system process flow diagrams
• Surveillance and response plans for clinical cases, including if/when to test for 

Legionella in the environment 





• Potable water is not sterile
• Healthcare facilities inherently amplify waterborne 

pathogens
• A Water Safety Plan should be implemented
• Systemic solutions can be added to provide 

overall/general risk reduction
• Critical care units may require additional interventions 

to reduce risk to immunocompromised population at 
the point of use

• Publications are available by unit & by pathogen to 
show how sterilizing grade filtered water can help 
reduce risk of HAI.

Summary: Water as a Source of Hospital 
Acquired Infections



Michael Castro

• Pall Medical
• 480-636-0405
• michael_castro@pall.com



References
Cunliffe D et al., “Water Safety in Buildings”, WHO Press, World Health Organization, Geneva/Switzerland, March, 2011
2. Exner M et al., “Prevention and control of health care-associated waterborne infections in health care facilities“, AJIC, 33:S26-S40, 2005
3. Lindsay D & von Holy A, “Bacterial biofilm within the clinical setting: What healthcare professionals should know”, J Hosp Infect, 64:313-325, 2006
4. Kreysig D, “Der Biofilm – Bildung, Eigenschaften und Wirkungen”, published in Bioforum, GIT Verlag, Darmstadt/Germany 24:40-43, 2001
5. Flemming HC & Wingender J. “The biofilm matrix“, Nat Rev Microbiol, 8:623-633, 2010
6. Moritz M et al., “Integration of Pseudomonas aeruginosa and Legionella pneumophila in drinking water biofilms grown on domestic plumbing materials”, Int J Hyg Env Health, 
213:190-197, 2010
7. Anaissie EJ, et al., „The hospital water supply as a source of nosocomial infections: a plea for action“, Arch Intern Med, 162:1483-1492, 2002
8. Wunderink RG & Mendoza DL, „ Epidemiology of Pseudomonas aeruginosa in the intensive care unit“, published in “Infectious diseases in critical care”, Springer Verlag, 218-
225, 2007
9. Trautmann M et al., „Common RAPD pattern of Pseudomonas aeruginosa from patients and tap water in medical intensive care unit“, Int J Hyg Env Health, 209:325-331, 2006
10. Oliver JD “Recent findings on the viable but non-culturable state in pathogenic bacteria“, FEMS Microbiol Rev, 34:415-425, 2010
11. Dwidjosiswojo Z et al., “Influence of copper ions on the viability and cytotoxicity of Pseudomonas aeruginosa under conditions relevant to drinking water environments”, Int J 
Hyg Env Health, in press, 2011
12. Allegra S et al., “Longitudinal evaluation of the efficacy of heat treatment procedures against Legionella spp. In hospital water systems by using a flow cytometric assay”, Appl
Env Microbiol, 77:1268-1275, 2011.
13. Drancourt M, Adékambi T & Raoult D, “Interactions between Mycobacterium xenopi, amoeba and human cells“, J Hosp Infect, 65:138-142, 2007
14. Winiecka-Krusnell J & Linder E, „Free living amoeba protecting Legionella in water: The tip of an iceberg?”, Scand J Infect Dis, 31:383-385, 1999
15. Reuter S et al., “Analysis of transmission pathways of Pseudomonas aeruginosa between patients and tap water outlets”, Crit Care Med, 10:2222-2228, 2002
16. Blanc DS et al., “Faucets as a reservoir of endemic Pseudomonas aeruginosa colonization/infections in intensive care units”, Intensive Care Med, 30: 1964-1968, 2004
17. Vallés J et al., “Patterns of colonization by Pseudomonas aeruginosa in intubated patients: a 3-year prospective study of 1.607 isolates using pulsed-field gel electrophoresis 
with implications for prevention of ventilator-associated pneumonia”, Intensive Care Med, 30:1768-1775, 2004
18. Jung R et al., “Surveillance of multi-drug resistant Pseudomonas aeruginosa in an urban tertiary-care teaching hospital”, J Hosp Infect, 57:105-111, 2004
19. Rogues AM et al., “Contribution of tap water to patient colonisation with Pseudomonas aeruginosa in a medical intensive care unit”, J Hosp Infect, 67:72-78, 2007
20. Eckmanns T et al., “An outbreak of hospital-acquired Pseudomonas aeruginosa infections caused by contaminated bottled water in intensive care units”, Clin Microbiol Infect, 
14:454-458, 2008
21. Wong V et al., “Spread of Pseudomonas fluorescens due to contaminated drinking water in a bone marrow transplant unit”, J Clin Microbiol, 49:2093-2096, 2011
22. Blanc D et al., “Water disinfection with ozone, copper and silver ions, and temperature increase to control Legionella: seven years of experience in a university teaching 
hospital”, J Hosp Infect 60:69-72, 2005
23. Patterson WJ et al., „Colonization of transplant unit water supplies with Legionella and protozoa: precautions required to reduce the risk of legionellosis”, J Hosp Infect 37:7-
17, 1997
24. Eckmanns T et al., “Prevention of nosocomial Legionnaire’s disease“, Dtsch Ärztebl, 103:1294-1300, 2006
25. Lin E, Stout J, Yu V., “Controlling Legionella in hospital drinking water: an evidence-based review of disinfection methods”, Infect Control Hosp Epidemiol, 32:166-173, 2011
26. Vianelli N et al., “Resolution of a Pseudomonas aeruginosa outbreak in a haematology unit with the use of disposable sterile water filters”, Haematologica, 91:983-985, 2006
27. Van der Mee-Marquet N et al., “Water Microfiltration: A procedure to prevent Pseudomonas aeruginosa infection”, XVIe Congrès National de la Société Francaise d’Hygiène
Hospitalière, Reims, Livre des Résumés, S137, June 4th 2005 
28. Hall J et al., “Provision of safe potable water for immunocompromised patients in hospital“, J Hosp Infect, 58:155-158, 2004
29. Trautmann M et al., “Point-of-use water filtration reduces endemic Pseudomonas aeruginosa infections on a surgical intensive care unit”, Am J Infect Control, 36:421-429, 
2008
30. Legrand ICS et al., “Impact of terminal water microfiltration on the reduction of nosocomial infections due to Pseudomonas aeruginosa in burnt patients“, presented at 11ème 
Journées Internationales de la Qualité Hospitalière et en Santé (JIQHS), Paris, poster n°204, 2009
31. Wright CL et al., “A two year double cross-over study investigating point-of-use filters for reducing Gram-negative nosocomial pathogens from hospital water”, J Hosp Infect 
76(Suppl. 1):S38, 2010
32. Hell M et al., “Water microfiltration at the point of use – a procedure to prevent infection/colonization with water borne pathogens in ICU patients?”, J Hosp Infect, 76(Suppl. 
1):S38, 2010



Continued from previous page
33. Rolling AM, “Handling of antimicrobial water filter and disposable shower rose used for wound cleansing”, 19th Conf European Wound Management Assoc, Helsinki, Finland, 
(P27), May 2009
34. Barna Z et al., “Tap water as a potential source of nosocomial Pseudomonas aeruginosa infections in an intensive care unit”, 19th European Congress Clin Microbiol & Infect 
Dis, Helsinki, Finland, Poster No°859, May 2009
35. Warris A et al., “Point-of-use filtration method for the prevention of fungal contamination of hospital water”, J Hosp Infect, 76:56-59, 2010.
36. Junker L et al., “Nosocomial infections with Legionella spp. and other water borne bacteria can be reduced by control of shower water”, Int J Infect Contr, 5:S60 (P17), 2009
37. Williams MM et al., “Point-of-use membrane filtration and hyperchlorination to prevent patient exposure to rapidly growing mycobacteria in the potable water supply of a 
skilled nursing facility”, Infect Contr Hosp Epidemiol, 32:837-844, 2011
38. Wang SH et al., “Pseudo-outbreak of “Mycobacterium paraffinicum” infection and/or colonization in a tertiary care medical center”, Infect Contr Hosp Epidemiol, 30:848-853, 
2009
39. Harpel S et al., “Performance of a new 14 day water filter during daily use in clinical routine at two university medical centers”, J Hosp Infect, 64 (Suppl.1):S47, 2006
40. Sheffer PJ et al., “Efficacy of new point-of-use water filter for preventing exposure to Legionella and waterborne bacteria“, Am J Infect Control, 33:S20-S25, 2005
41. Warris A et al., “Point-of-use filtration method for the prevention of fungal contamination of hospital water”, J Hosp Infect, 76:56-59, 2010.
42. Cervia J et al., “Point-of-use water filtration reduces healthcare-associated infections in bone marrow transplant recipients”, Transpl Infect Dis, 12:238-241, 2010
43. Holmes C et al., “Preventive efficacy and cost-effectiveness of point-of-use water filtration in a subacute care unit”, Am J Infect Control, 38:69-71, 2010 
44. Williams MM et al., “Point-of-use membrane filtration and hyperchlorination to prevent patient exposure to rapidly growing mycobacteria in the potable water supply of a 
skilled nursing facility”, Infect Contr Hosp Epidemiol, 32:837-844, 2011 
45. Hankwitz PE et al., “Non-tuberculous mycobacterial hypersensitivity pneumonitis related to a home shower: treatment and secondary prevention”, BMJ Case Reports 2011
46. Zhou ZJ et al., “Removal of waterborne pathogens from liver transplant unit water taps in prevention of healthcare-associated infections: a proposal for a cost-effective, 
proactive infection control strategy”, Clin Microbial Infect, June 20, 2013 
47. Teare L & Millership S, “Legionella pneumophila serogroup 1 in a birthing pool“, J Hosp Infect , 82:58-60, 2012
48. American Standard Test Method (ASTM) F838-05 “Determining Bacterial Retention of Membrane Filters Utilised for Liquid Filtration”, 2005 
49. Circulaire DGS/SD7A/SD5C-DHOS/E4 n°2002/243 du 22/04/2002 relative à la prévention du risque ilé aux legionelles dans les établissements de santé, April 22nd, 2002
50. Empfehlung der Kommission für Krankenhaushygiene und Infektionsprävention beim Robert Koch-Institut (RKI) “Anforderung an die Hygiene bei der Aufbereitung flexibler 
Endoskope und endoskopischen Zusatzinstrumentariums”, Bundesgesundheitsbl-Gesundheitsforsch-Gesundheitsschutz, 45:395-411, 2002
51. Empfehlung der Kommission für Krankenhaushygiene und Infektionsprävention beim Robert Koch-Institut (RKI) „Anforderungen an die Hygiene bei der medizinischen 
Versorgung von immunsupprimierten Patienten“, Bundesgesundheitsbl-Gesundheitsforsch-Gesundheitsschutz, 53:357-388, 2010
52. Yorkshire Cancer Network, “Provision of safe drinking water for cancer patients with immunocompromised”, www.yorkshire-cancer-net.org.uk, 2005 
53. UK Department of Health, “Water sources and potential for Pseudomonas aeruginosa infection from taps and water systems; advice for augmented care units. Department 
of Health Gateway Ref 17334, 2012
54. Legionella and the prevention of Legionellosis”, WHO Press, World Health Organization, Geneva/Switzerland, Editors: J. Bartram, Y. Chartier, JV Lee, K. Pond & S. Surman-
Lee, 2007
55. Public Health Agency Canada, “Infection Prevention and Control Guideline for Flexible Gastrointestinal Endoscopy and Flexible Bronchoscopy”, www.publichealth.gc.ca, 
2011
56. Gastroenterological Society in Australia (GESA), “Infection Control in Endoscopy”, Edited by A Taylor et al., 3rd Edition, Digestive Health Foundation, 2010 
57. Eagye KJ et al., “Impact of superinfection on hospital length of stay and costs in patients with ventilator-associated pneumonia”, Semin Resp Crit Care Med, 30:116-123, 
2009
58. Murphy D et al., “Dispelling the myths: The true cost of health care associated infections”, APIC Briefing, Febr. 2007, www.apic.org
59. Warren KD et al., “Attributable cost of catheter-associated bloodstream infections among intensive care patients in a nonteaching hospital”, Crit Care Med, 34:2084-2089, 
2006
60. Kilgore ML et al., “The costs of nosocomial infections”, Med Care, 4:101-104, 2008
61. Tu HZ et al., “Use of disposable water filter for prevention of false-positive results due to Nontuberculosis Mycobacteria in a clinical laboratory performing routine acid-fast 
staining for tuberculosis”, Appl Env Microbiol, 73:6296-6298, 2007


