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Outline 
Implications and risks from using water? 
Northern Ireland P. aeruginosa outbreak 
What factors in a water system encourage 
biofilms? 
Guidance and the role of water safety group 
Can the risk be controlled? 
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Drinking water standards 

  4 The role of water as a vector in the transmission 
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Opportunistic pathogens (OP) in drinking water 
distribution systems (DWDS) 

OP     Detection Frequency in DWDS 

Legionella spp.    (57% / 85 cell equivalent, CE L-1),  

Mycobacterium spp.   (88% / 324 CE L-1),  

Pseudomonas aeruginosa   (24% / 2 CE L-1),  

Vermamoeba vermiformis   (24% / 2 CE L-1) 

Acanthamoeba spp.  (42% / 5 cyst equivalent, CE L-1). 

 Legionella spp.   -  leading cause of drinking water disease burden in the USA 
(Beer et al 2015) 

  8 Lu et al, 2015 Molecular Detection of Legionella spp. and their associations J Appl Microbiol 2015 Nov 4. doi: 10.1111/
jam.12996. 
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HCAI Water borne microorganisms 

1400 deaths per year in the USA as a result of 
waterborne nosocomial pneumonias due to 
Pseudomonas aeroginosa 
4000 cases of P. aeroginosa bacteraermia in 
England, Wales and N Ireland per yr 
~ 300 cases of Legionnaires disease per year 
~ 500 cases of Stenotrophomonas maltophila 
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  13 Courtesy of Birgitta De Jong (ECDC) 

Legionella notification rate by year of onset, EU/EEA,  
1995–2014 

•  The overall notification rate was 13.5 per million inhab. 
in 2014 
•  Highest notification rate ever  
•  6941 cases reported by 29 countries 
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Pseudomonas aeruginosa 
•  Ubiquitous in the environment 

•  Versatile; survives in a wide range of 
conditions 

•  Prefers warm, moist environments 

•  Able to form biofilms 

•  Often has resistance to antimicrobials 

•  Gram-negative rod bacillus 

•  Fluorescent under UV 

  15 The role of water as a vector in the transmission 

Pseudomonas aeruginosa 

Cause of healthcare-associated infections in the 
neonatal intensive care unit (NICU) environment.  

NICU patients causes sepsis, pneumonia, meningitis, 
diarrhoea, conjunctivitis and skin infections 

Various environmental sources including sinks, 
respiratory equipment and healthcare workers 
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Water Outlets are not a new 
problem..... 
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Not a new problem..... 

The taps were presumably the main source 
of P. aeruginosa during this outbreak, via  
the hand of nursing staff or nutrition 
solutions contaminated with tap water 

Trautmann et al AJIC 2005 

  24 The role of water as a vector in the transmission 
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Trautmann et al AMJIC 2005 

 A review of prospective studies published 
between 1998 and 2005 showed that between 
9.7% and 68.1% of randomly taken tap water 
samples on different types of ICUs were positive 
for P aeruginosa, and between 14.2% and 50% of 
infection/colonization episodes in patients were 
due to genotypes found in ICU water.  

Persistence of P. aeruginosa in the 
hospital environment (Abreu) 

> 50% of the equipment sampled was highly 
contaminated. 
P. aeruginosa repeatedly isolated from sinks, tap 
biofilm, showers and bedside tables 
P. aeruginosa contamination was related to the 
surface humidity, and tap water (biofilm) 

  26 Abreu et al 2014  Persistence of microbial communities including Pseudomonas aeruginosa in a hospital 
environment: a potential health hazard. BMC Microbiol, 14;118 
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  29 Role of Biofilms 

Northern Ireland - statement by Health 
Minister Edwin Poots  - 31st January 2012 

“The presence of Pseudomonas aeruginosa has been found 
in a small number of water outlets in the neonatal intensive 
care unit of the hospitals” 

Taps have been implicated as being a source! 

Protect patients in the wards and restore public confidence 

Hospital shuts baby unit after infection kills four 
new-borns 

Replace all the taps…….. 
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PHE Team Approach  
PHE Experts provided advice as the incidents occurred 
Biosafety team organising delivery of components and 
strategy in place to handle samples and data from a 
forensic approach 
Food Water and Environmental laboratory (PHE 
Porton) analysing all the microbiology 
Jane Turton’s laboratory(PHE Colindale) carrying out 
variable number tandem repeat analysis for isolate  
identification and strain differentiation 
Howard Tolley carrying out SEM analysis  
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All 
components 

P. aeruginosa positive 
Components 

N % N % 
Median 

Pseudomonas 
CFU (IQR) 

Tap component location 
Tap body 126 26 18 26 6,340 (22,580) 

Connectors 31 6 0 0 - 
Isolation valve 30 6 0 0 - 

Integrated Mixer and 
solenoid 38 8 1 1 60 (0) 

Mixer 98 20 2 3 20 (0) 
Flow straightener 97 20 41 60 52,033 (816,820) 

Solenoid 54 11 5 7 520 (23,380) 
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Walker et al., 2012, http://www.rqia.org.uk/publications/rqia_reviews.cfm 

494 components were analysed for aerobic colony 
count and P. aeruginosa (14% of components 
positive) 
Same strain in the taps, the water and clinical samples 

Little correlation between ACC and P. aeruginosa 
Sensor taps were significantly colonised compared 
to non-sensor 
Statistically  there were significant differences due 
to the presence of complex outlet fittings 

Tap Component Analysis 
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DH  guidance 
Develop local water safety groups and plans  
Assess the risk to patients if water systems become 
contaminated with P. aeruginosa or other 
opportunistic pathogens 
Actions to take if water systems become 
contaminated with P. aeruginosa 
Protocols for sampling, testing and monitoring water 
for P. aeruginosa   

What does the addendum do? 



The Role of Water as a Vector for Infection in the Transmission of Infections in Hospitals 
Dr. Jimmy Walker, Public Health England 

A Webber Training Teleclass 

Hosted by Prof. Jean-Yves Maillard, Cardiff University, Wales 
www.webbertraining.com 

28 

Water Safety Group (WSG):  
A multidisciplinary group formed to undertake the commissioning and 
development of the water safety plan (WSP). It also advises on the 
remedial action required when water systems or outlets are found to be 
contaminated and the risk to susceptible patients is increased.  
•  Director of infection prevention and control (DIPC);  
•  IPC team;  
•  Consultant medical microbiologist;  
•  Estates and Facilities team (including hotel/ cleaning services staff 
and the Responsible Person (Water));  
•  Senior nurses from relevant augmented care units  

WSP is a risk-management approach to the microbiological safety of 
water that establishes good practices in local water distribution and 
supply. It will identify potential microbiological hazards caused by P. 
aeruginosa and other opportunistic pathogens, consider practical 
aspects, and detail appropriate control measures.  

  55 The role of water as a vector in the transmission 

Where practical, consider removal of flow straighteners. However, 
the removal of flow straighteners may result in splashing and 
therefore additional remedial action may need to be taken. If they 
are seen to be needed, periodically remove them and either clean/ 
disinfect or replace them. Replacement frequency should be 
verified by sampling/ swabbing.  

Check for underused outlets – assess frequency of usage and if 
necessary remove underused outlet(s).  

Assess the water distribution system for non-metallic materials 
that may be used in items such as inline valves, test points and 
flexible hoses.  

Dead legs and thermostatic mixer valves - stagnation of cold 
supply  

  56 The role of water as a vector in the transmission 

HTM 04-01 Tap outlets and Flow straighteners 
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Frequency of testing 
A systematic schedule based on local risk 
assessment - water safety plan 
Risk assess where your augmented patients are 
located 
All taps do not have to be tested at the same 
time 
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If positive in both, contamination is 
further back in the system. 

Testing and media 
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Minimum temperature at the most 
distant taps or outlets should be 
55°C. 

TMV prevents hot scalding water 
at hot outlet 

TMV prevents thermal purging of 
the outlet 

No lagging after TMV of hot or cold 
pipes 

Post TMV water at ~43ºC 

Creates a favourable environment 
for microbial growth 
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Cold pipe - how often would this 
cold tap be used? 

Forms an immediate dead leg 
where you could get biofilm 
growth  

Post TMV water at ~45ºC 

Unlagged after TMV 

Relatively long dead leg 

Sensor reduces hand contact 

TMV 

Solenoid 

Spur from hot water 
flow and return 
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How do you protect vulnerable patients 
Identify the source of the contamination 

Remove/replace the contaminated components 

 dismantle, clean, disinfect, refit 

 replace with new/different type of outlet 

Use local control strategy 

 Flushing/Decontamination 

Review overall control strategy 

 temperature as a control 

 other disinfectants 

Review use of sinks  

 potential for retrograde contamination 
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Effect of removing  or replacing the solenoid 
valve  

The role of water as a vector in the transmission 
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Effect of removing  or replacing the solenoid 
valve  

The role of water as a vector in the transmission 

Effect of removing  or replacing the solenoid 
valve  

The role of water as a vector in the transmission 
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Effect of removing  or replacing the solenoid 
valve  

The role of water as a vector in the transmission 

Effect of removing  or replacing the solenoid 
valve  

The role of water as a vector in the transmission 
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Other research findings 

  77 Presentation title - edit in Header and Footer 

Waines et al., 2011, Biofouling 
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Moritz et al 2010. IJHEH 



The Role of Water as a Vector for Infection in the Transmission of Infections in Hospitals 
Dr. Jimmy Walker, Public Health England 

A Webber Training Teleclass 

Hosted by Prof. Jean-Yves Maillard, Cardiff University, Wales 
www.webbertraining.com 

40 

Effect of increased flushing on P. 
aeruginosa  counts 

The role of water as a vector in the transmission 

Effect of no flushing on P. aeruginosa counts 
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No flushing 
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Tracking of Pseudomonas aeruginosa in  
QEH burns unit water 

Screening on admission 
>7% burns 
Wound swabs, stool and Urine for 

microbiology 
•  Stool for molecular testing 

Environmental sampling of the 
patients room and shower water 

  

•  Recruited positive 
patients 
–  Wound swabs at each 

dressing change 
–  Environmental sampling  
–  Swabs/tissue for 

metagenomic analysis 
–  Environmental sampling on 

discharge 

  81 Quick et al., 2014 Seeking the source of Pseudomonas aeruginosa infections in a recently opened 
hospital: an observational study using whole-genome sequencing BMJ Open 
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Summary from QEH Burns Unit 

  83 

Water was the likely cause of infection in 60% 
patients 
Water outlets and wet/moist sites have high levels 
of contamination 
WGS to be used to track isolates from different 
rooms and even outlets 
Could be used as a powerful surveillance  method 
Can be used to identify antibiotic resistant strains 

Joshua Quick 2014, Beryl Oppenheim, Nick Loman et al., Univ of Birmingham In Press 
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POU Filters 

POU filters, where they can be fitted, may be used to 
provide water free of P. aeruginosa. Where fitted, 
regard filters primarily as a temporary measure until a 
permanent safe engineering solution is developed, 
although long-term use of such filters may be required 
in some cases. 
Note that the outer casing of a POU filter and the inner 
surface can become contaminated  

88 The role of water as a vector in the transmission 
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Thermal Control? 

The decision whether to install a TMV in 
areas not normally accessible to patients 
should be based on a risk assessment  
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Chemical Disinfection 
Chlorination - cold water storage tank to 20-50 mg/litre 
free residual chlorine and flow to all parts of the system. 
This depends on chlorine concentration (at least one 
hour at 50 mg/l to at least two hours at 20 mg/l).  Mains 
water: 0.1–0.5 mg/l  
Chlorine dioxide – may need to shock dose at 5ppm and 
operate at 0.25-0.5ppm (max DWI). Can take long time to 
get control. 
Copper Silver - The recommended concentrations 
for Legionella are 0.2 mg/l copper (up to 0.8mg/l) and 
more than 0.02 mg/l silver (up to 0.08mg/l) are 
recommended at outlets 

96 L8; Hosien et al; 2005. JHI, 61, 100-6; Hood et al., 2000. AJIC, 28, 86; Chen et al., 2008. JHI; 68; 152. 
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Best practice advice  for  
clinical wash-hand basins  

Use the clinical wash-hand basin only for hand-washing:  

a. Do not dispose of body fluids at the clinical wash-hand basin – 
use the slophopper or sluice in the dirty utility area.  

b. Do not wash any patient equipment in clinical wash-hand 
basins.  

c. Do not use clinical wash-hand basins for storing used 
equipment awaiting decontamination.  

d. Do not touch the spout outlet when washing hands.  

e. Clean taps before the rest of the clinical wash-hand basin. Do 
not transfer contamination from wash-hand basin to wash-hand 
basin.  

f. Do not dispose of used environmental cleaning agents at 
clinical wash-hand basins.  

  121 The role of water as a vector in the transmission 

Retrograde contamination 
Issue – patient secretions could lead to environmental 

contamination of HWB and drains(?) 

Sluice too far away 
 put in additional sluice 
 use the toilet for waste 
 use gel granules to absorb fluid 

If you have to put waste down the hand washing basin 
– then alert house keeping. 

  122 The role of water as a vector in the transmission 
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RQIA Independent Review of Pseudomonas Final Report. 
http://www.rqia.org.uk/publications/rqia_reviews.cfm. 

Addendum for HTM 04-01 P. aeruginosa (March 2013) 
http://www.dh.gov.uk/health/2013/03/pseudomonas-addendum/  

L8 – Legionella control in hot and cold water systems 

Published Reports and Guidance 
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