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1

Objectives

The aim is to review the extant scientific literature regarding the Infection prevention

and control (IPC) for safe healthcare water systems to inform evidence-based

recommendations for practice.

The specific objectives of the review are to determine:

General information about water-associated organisms in

healthcare settings

1.

Which organisms associated with healthcare water systems are responsible

for colonisation/infection of patients?

How do healthcare water system-associated organisms survive in the

environment?

What are the causes/sources of environmental contamination with healthcare

water system-associated organisms?

Which patient populations are considered as being at increased risk of

colonisation/infection with a healthcare water system-associated organism?

What types of infection can healthcare water system-associated organisms

cause?

What are the incubation periods of healthcare water system-associated

organisms?

What is the period of communicability for healthcare water system-associated

organisms?

What are the known transmission routes of healthcare water system-

associated organisms?

Which healthcare procedures present an increased risk of transmission of

healthcare water system-associated organisms?
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Prevention and control of healthcare water system-associated

infection

10.What are the microbiological water testing requirements at commissioning?

11.What are the responsibilities of the IPC team in regards to water safety at

commissioning?

12.Is routine water testing to detect healthcare water system-associated

organisms recommended?

13.What are the recommended microbiological limits for healthcare water

system-associated organisms?

14.How frequently should routine water testing be conducted?

15.When should routine water testing frequency be increased?

16. Where should routine water samples be taken from (which outlets, how many

samples)?

17.When should water samples from further back in the system be taken?

18.Who should water test results be reported to?

19.How should routine water test results be interpreted?

20.What are the water testing requirements following a positive test result (in the

absence of clinical cases)?

21.What actions (remedial and/or clinical) should be taken following a positive

test result (in the absence of clinical cases)?

22.1s routine environmental testing for healthcare water system-associated

organisms recommended?

23.Are there any specific actions required if an outlet tests positive pre-flush but

negative post-flush?

10
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24. Are there any recommended methods for the removal of healthcare water

system contamination?

25.What flushing regimes are recommended for healthcare settings?

26.Who should be responsible for flushing?

27.What actions can be undertaken to reduce the risk of infection/colonisation

associated with direct water usage?

28.What actions can be undertaken to reduce the risk of infection/colonisation

associated with indirect water usage?

29.What actions can be undertaken to facilitate the earliest possible detection

and preparedness for clinical cases of water-associated colonisation or

infection?

Outbreak/incident management

30.How should water-associated incidents be assessed and reported locally and

nationally?

31.What are the water testing requirements during a water-associated

incident/outbreak?

32.What are the environmental testing requirements when investigating

healthcare water system-associated incidents/outbreaks?

33.How and by whom should water-associated incidents be investigated?

34.Should point-of-use (POU) filters be fitted in response to water-associated

incidents/outbreaks?

35.When can POU filters be removed?

Organisational management

36.Whose responsibility is it to carry out any of the above actions?

11
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2 Methodology

This targeted literature review was produced using a defined methodology as

described in the National Infection Prevention and Control Manual: Development

Process. The complete search strategy is provided in Appendix 5. Database
searches were performed on 20 December 2022. This review screened for evidence
on both non-acute (including care homes) and acute healthcare settings. However,
most of the evidence was specific to acute settings. When evidence on non-acute
settings is included, this is specifically highlighted. In addition to the exclusion criteria
outlined in the NIPCM Development Process the following evidence was excluded

from this review:

» studies without a strong epidemiological link between patient and

environmental samples (not showing a link via molecular typing)

» evidence specific to dental unit waterlines (as this is covered in Literature
Review and Recommendations: Management of Dental Unit Waterlines)

In total, 2808 individual pieces of evidence were retrieved using the search strategy.
Details regarding the screening process are summarised in a PRISMA flowchart
presented in Appendix 3 (adapted from: Moher D, Liberati A, Tetzlaff J, Altman DG,
The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097).

Consultation was received in addition to the ARHAI Scotland Working Groups from

the following individuals:
o Tim Wafer (The Water Solutions Group)
o Dr Susanne Surman-Lee (Leegionella Ltd)
o Dennis Kelly (Pro LP Consulting Ltd)
o Dr Michael Weinbren

Engineering colleagues in Health Facilities Scotland (HFS) were consulted

throughout the process.

12
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3 Discussion

3.1 Implications for practice

3.1.1 General information about water-associated
organisms in healthcare settings:

1. Which organisms associated with healthcare water systems are
responsible for colonisation/infection of patients?

In total, 95 pieces of evidence were identified in relation to this research question
which includes 80 outbreak studies!®° (graded SIGN50 level 3), eight surveillance
studies (graded SIGN50 level 3),81-88 one systematic literature review (graded
SIGN50 level 2+),2° one cohort study (SIGN50 level 3),% one before and after study
(SIGN50 level 3),°! two case reports (SIGN50 level 3) 9% 23 and two guidance
documents (SIGN50 level 4). 949

Studies were included if the environmental source of the infection and/or colonisation
incident could be linked to patient cases by molecular typing as this provides some
rigour to outbreak studies. Studies were excluded if microbial typing was not
performed. Molecular typing assesses the genetic material present in
microorganisms, allowing comparison of the microorganisms present in clinical and
environmental samples. A range of typing methods were described in the literature,
and these included pulsed-field gel electrophoresis (PFGE), amplified fragment
length polymorphism (AFLP), repetitive-element polymerase chain reaction
(rep-PCR), random amplification of polymorphic DNA (RAPD), variable-number
tandem repeat (VNTR) typing, single locus sequence typing (SLST), multi-locus
sequence typing (MLST), and whole genome sequencing (WGS). It is important to
note that these methods vary widely in terms of discriminatory power. Another
limitation is the limited availability of typing for some microorganisms. A more
general limitation of environmental investigations is that a true link between patient
cases and the environment can be overlooked if there is multi-species or multi-strain
involvement; this is due to the limitations of sampling technique and microbiological

analysis. When isolating microorganisms from environmental samples, multiple

13
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colonies may be present on the sampling plate, however usually only one or two
colonies are selected for identification — this is due to time and financial restrictions.
This sampling technique limitation is common to all environmental outbreak studies
and is a challenge to the accurate interpretation of results. The epidemiological
concept of time, place and person is challenging to apply to environmental outbreaks
if a cluster of infection or colonisation occurs over a lengthy time period and involves
multiple seemingly unrelated microbial species.>® The retrospective nature of
outbreak studies often prevents an accurate analysis of events occurring at the point
of exposure. Consequently, even when an environmental source is identified, the
exact transmission event that led to infection or colonisation in the patient may
remain unconfirmed and this was the case for much of the evidence identified for this
research question. Conducting a case-control study as part of an outbreak
investigation can add rigour, however very few of the outbreak studies included
these.® 15 37.60,66,69,75 There is no ‘standard’ reporting structure for outbreak studies
therefore there is inconsistency in the type of information and level of detail provided.
There is likely a risk of publication bias associated with this body of evidence as not
all outbreaks that occur in healthcare settings are published in scientific journals.

The most frequently reported organisms within this body of evidence were
gram-negative organisms, the majority being Pseudomonas aeruginosa

(P. aeruginosa) (n=33 reports) or other Pseudomonas species (n=4 reports),5% 54 67,
0 followed by Enterobacteriaceae (n=26 reports). Other gram-negative bacteria
(non-Enterobacteriaceae, non-Legionella species) were described in 10 reports.1’: 18
23,36, 39, 52, 53, 66-68 These microorganisms are often described in the literature as
opportunistic pathogens, meaning that while the organism may be ever-present in
the environment (including water) and rarely cause harm to healthy individuals,
vulnerability (for example immune impairment) in certain patient groups provides the
opportunity for colonisation/infection. Guidance from the United States of America
(US) Centers for Disease Control and Prevention (CDC) describes the following
gram-negative bacteria as clinically important opportunistic organisms present in tap
water: Legionella species, P. aeruginosa, Burkholderia cepacia (B. cepacia),
Ralstonia pikettii, Stenotrophomonas maltophilia (S. maltophilia), and Sphingomonas

species.®*

14
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Non-tuberculous Mycobacteria (NTM) were described in 21 reports.t: 3 4.6 7.9, 25,26, 31,
43,71-75, 78,79, 87,93, 95,96 Guidance from the CDC describes healthcare water as the
source of patient infection and/or colonisation with the following NTM: M. abscessus,
M. avium complex, M. chelonae, M. fortuitum, M. marinum, M, ulcerans, and pseudo-
outbreaks involving M. chelonae, M. fortuitium, M. gordonae, M. kansasii, M. terrae,
and M. xenopi.** A limitation of the CDC guidance is that much of the evidence
referenced was published prior to the year 2000 (the exclusion criteria for this
literature review) and therefore may not reflect current practice in healthcare

settings.%*
Infection with Legionella species was described in four reports.? > 8 92

One report described infection with the fungus Fusarium solani linked to
contaminated water tanks at a hospital in Brazil where taps and drains tested

positive.’’

There were 16 reports that detailed incidences/outbreaks that occurred in the UK.

These involved the following microorganisms.

» In England: Enterobacteriaceae (Escherichia coli (E. coli) and Klebsiella
species)®® 81 P, aeruginosa,!® 1. 8. 91 pseudomonas fluorescens (P.
fluorescens),’® S. maltophilia,’® and Mycobacterium chimaera (M.

chimaera).8”. %

» In Scotland: Pseudomonas species (P. aeruginosa, P. fluorescens,
P. putida),®> NTM (M. mucogenicum, M. chelonae, Mycobacterium spp.),% %6
Enterobacteriaceae (E. cloacae, K. oxytoca, K. pneumoniae, Pantoea
species, Serratia marcescens),*? Chrysomonas indologenes,*? Acinetobacter

ursginii,>? S. maltophilia,®? and Cupriavidus pauculus (C. pauculus).>®
« P. aeruginosa was reported in both Wales,** and Northern Ireland.®’

It must be noted that the volume of literature identified for each organism may not be
a reflection of the true clinical or environmental risk occurring or burden experienced
in healthcare settings. There is a paucity of evidence regarding spontaneous patient
cases as well as evidence that sheds light on the environmental prevalence of these
microorganisms in healthcare settings and whether this varies geographically. Active

screening of patients in two surgical ICUs at a hospital in China, undertaken to gain
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knowledge of P. aeruginosa colonisation/infection patterns in absence of an
outbreak, revealed 9.2% (55/595) spontaneous healthcare-associated patient cases

of P. aeruginosa colonisation/infection.8?

During development of this literature review, stakeholders requested that the
microorganisms identified in literature associated with healthcare water that cause
infection and/or colonisation in patients be summarised (where possible) according
to their most likely source. Sources included: microbial proliferation within the water,
microbial proliferation/contamination of plumbing parts/wastewater infrastructure,
contaminated water-based equipment, and patients. Further detail regarding
determination of source is provided in the research question ‘What are the

causes/sources of environmental contamination with healthcare water system-

associated organisms?’.

Microbial proliferation within the water

Twelve outbreak studies detail infection incidents where microbial proliferation within
the water system preceded patient colonisation or infection.? 78.79.92,93 The
organisms involved included NTM and Legionella species. These NTMs included

M. fortuitum, M. mucogenicum, M. simiae, M. abscessus, M. chelonae, and

M. phocaicum. The Legionella species included Legionella pneumophila serogroup
5, serogroup 1 and L. pneumophila (serogroup unspecified). One of the 12 outbreak
studies was a pseudo-outbreak involving NTM M. simiae where positive clinical
samples were obtained but in the absence of clinical colonisation or infection in the
patient.* In pseudo-outbreaks, the clinical samples are effectively contaminated by a

contaminated water source, often via diagnostic equipment.

Microbial proliferation/contamination of plumbing parts/wastewater

infrastructure

Sixty-three outbreak studies describe microbial proliferation/contamination of
plumbing systems/infrastructure. Most of these outbreak studies (n=32) involved
patient colonisation and/or infection with P. aeruginosa,0 11, 13-16, 19-22, 24, 28, 30, 32-35, 38,
44, 45, 47,51, 52, 54, 55, 82-86, 90, 91 (two of these also involved Pseudomonas putida).>? 54
Other microorganisms included Enterobacteriaceae, detailed in 23 reports (including

Klebsiella species (K. pneumoniae, K. oxytoca), Enterobacter species (E. cloacae,

16
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E. aerogenes), Citrobacter species (C. freudii, C. koseri), E. coli, Serratia
marcescens, Pantoea agglomerans, and Raoultella planticola),t? 27 29, 37, 40-42, 46, 48-50,
52,56-65,81 B, cepacia,!’: 23 Acinetobacter species (A. baumanii, 36. 3966 A yrsingii),>?
C. pauculus,>? %2 Chrysomonas indologenes,*? S. maltophilia,>? and NTMs including
M. fortuitum, M. mucogenicum, M. canariasense, M. chelonae, M. chimaera, and

M. gordonae.t 25 26,31, 43,96 Equr of these 63 outbreak studies were
pseudo-outbreaks where positive clinical samples were obtained but in the absence
of clinical colonisation or infection in the patient; the microorganisms involved were

P. aeruginosa, M. chimaera, M. gordonae and M. fortuitum.* 31, 33,43

Antibiotic resistance was reported in 38 outbreak studies and one systematic
literature review, all involving gram-negative microorganisms.2: 4. 15, 18-20, 27,29, 30, 35-
42, 44,46, 48-51, 55-62, 64-66, 76, 80, 82, 84, 89 \|gny of these had resistance against the beta
lactam group of antibiotics including extended-spectrum beta-lactamase-producing
organisms (ESBLSs) and carbapenem-resistant organisms (CROs) or

carbapenem-resistant Enterobacteriaceae (CRE).

All of the Enterobacteriaceae identified in these outbreak studies, as well as

P. aeruginosa, are commensal microorganisms meaning they can be found naturally
in the human intestinal tract. Therefore, it is possible that patients could introduce
these bacteria into healthcare settings, where they can contaminate or ‘seed’ the
environment and/or indirectly transmit to other patients. Further analysis of the
source of environmental contamination is covered in the research question ‘What are

the causes/sources of environmental contamination with healthcare water system-

associated organisms?’.

Contaminated water-based equipment

In 13 outbreak studies, contamination of water-based equipment was responsible for
colonisation and/or infection in patients, where the following microorganisms were
involved: P. aeruginosa,®® P. putida,®’ P. fluorescens,”® Stenotrophomonas
maltophilia,®”- %8 Serratia marcescens,® ESBL Klebsiella oxytoca,”® & M.
chimaera,’ 8.9 M. chelonae,’?>7* and M. fortuitum.”® Infection incidents in multiple
countries (including England) involving M. chimaera were identified to be associated

with water heater-cooler units used during cardiac surgery.’% 8795

17
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In summary, below is a list of the microorganisms associated with healthcare water
systems identified in the literature (those with an asterisk (*) were identified in

published UK incidents and outbreaks):
» Acinetobacter species (spp.) (A. baumannii, A. ursingii*)
» Burkholderia spp. (B. cepacia)
o Chryseomonas indologenes*
e Cupriavidus pauculus*

« Enterobacteriaceae (C. freundii, C. koseri, E. aerogenes, E. cloacae*, E. coli*.
K. pneumoniae*, K. oxytoca*, Pantoea spp.*, P. agglomerans*,

S. marcescens*, R. planticola)
o Fusarium solani
e Legionella spp. (L. pneumophila*)

» Nontuberculous mycobacteria (NTM)* (M. avium complex, M. abscessus,
M. canariasense, M. chelonae*, M. chimaera*, M. fortuitum, M. gordonae,
M. kansasii, M. marinum, M. mucogenicum*, M. simiae, M. phocaicum,

M. terrae, M. ulcerans, M. xenopi)
o Pseudomonas spp. (P. aeruginosa*, P. putida*, P. fluorescens*)
» Stenotrophomonas maltophilia*

e Sphingomonas spp.

2. How do healthcare water system-associated organisms survive
In the environment?

In total, 14 studies were identified to answer this research question which includes
eight outbreak studies,® 7- 1321, 59, 61,68, 98 tyyo non-systematic reviews® 1% and three
guidance documents®* 101, 102 that were deemed expert opinions (including one
Scottish'%?) and one surveillance study.1% In accordance with SIGN 50 methodology,
nine are considered level 3 evidence (eight outbreak studies® 7 13 21,59, 61, 68,98 gn(d
one surveillance study'®®) and five are considered level 4 evidence (expert

opinions).94 99-102
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Many of the organisms identified in the literature (Legionella species, NTMs,
Pseudomonas species) are naturally occurring in water, including drinking water and
usually posing no threat to healthy persons. If allowed to proliferate within a
healthcare water system, the risk of infection increases. The CDC reports that NTM,
Pseudomonas spp. and other gram-negative, non-fermentative bacteria have
minimal nutritional requirements and can tolerate the very low nutrient levels found in
disinfected healthcare water systems.®* % Moreover, tolerance of high temperatures
(50-55°C) may allow certain species (for example NTM, Legionella spp.) to survive in
hot water systems if they are not maintained above 55°C.> 94 99,101 Some organisms
cannot tolerate high temperatures and are more frequently associated with cold

water lines and taps.%

Routine chlorination is standard practice in healthcare to ensure water quality.
Chlorine dioxide may also be added to water as a decontamination treatment in
response to contamination issues. Some organisms, particularly NTM, have a high
resistance to chlorination with the ability to tolerate free chlorine concentrations of
0.05-0.2 mg/L (0.05-0.2 ppm) found at the tap.%* % 9° Subsequently, chlorine
resistant organisms can persist in the environment despite ongoing routine chemical
treatment.®® Disinfection can also contribute to selection for proliferation and
persistence, as disinfection Kills off competitors consequently selecting for those

organisms that can grow on low nutrient levels resulting from disinfection.®®

A number of outbreak studies reported low residual chlorine levels at the tap which
was hypothesised as a contributory factor to the survival of organisms in the water
system.”- 193 Low residual chlorine levels may be due to insufficient flow and/or low

usage at the outlet.

The major determinant for survival and persistence of healthcare water system-
associated organisms is the formation of biofilms within the water distribution
system, where they can form on most surfaces including pipe work, tanks, taps and
filters. NTM cells, for example, have a lipid-rich hydrophobic outer membrane which
promotes their attachment to particulates in the water allowing them to form biofilms
in water systems.%* %° Biofilms create a protective environment for growth, trapping
nutrients, and providing resistance to chemical disinfectants and physical removal.%
This provides a reservoir within a water system from which organisms can continue

to contaminate water systems and components, even after attempts at targeted
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disinfection and/or mechanical removal. A P. aeruginosa outbreak at an intensive
care unit (ICU) was linked to biofilms within sink traps.?! It was shown that biofilm
reactivation can occur by addition of artificial nutrient broth after removing, sealing
and filling the whole sink trap with water for up to six weeks. The biofilms also
resisted decontamination with hydrogen peroxide. Even without visual evidence of
biofilm, an indicator of biofilm existence is the persistent contamination of a water
outlet even after repeated disinfection.5® 6. €8 This may occur when biofilm

detaches/sloughs off from pipework and is then detected at the outlet.

Protozoa, unicellular eukaryotic microorganisms that are ubiquitous in various
environments including water, can ingest bacteria such as Legionella spp. and
NTMs; the ability of these bacteria to survive within protozoa protects them from the
effects of biocides and other disinfection strategies.%* 99 100, 102

Many water system-associated organisms have the ability to survive on wet or damp
surfaces therefore allowing widespread contamination of healthcare environments in
damp areas, such as sinks and drains.'® Once the organisms are established within
these environments, they may persist for a long period of time.

In conclusion, many of the organisms identified in water system-associated infection
incidents and outbreaks are ubiquitous to naturally occurring water sources and
naturally possess some physical and biological properties that facilitate their survival
and persistence within healthcare water systems. These include the ability to survive
on low nutrient levels, resistance to high water temperatures, relative resistance to
disinfection, survival within protozoa and the ability to form biofilms and/or survive in

biofilms within the water distribution system.

3. What are the causes/sources of environmental contamination
with healthcare water system-associated organisms?

In total, 97 pieces of evidence were identified in relation to this research question
which includes 81 outbreak studies,5% 53-80. 93,96 fiye guidance documents that were
deemed expert opinion (including one Scottish194),94. 95,105,106 nine surveillance
studies,887. 90,107 gne systematic review?? and one case report.®? In accordance with
SIGN 50 methodology, one was graded SIGN50 level 2 evidence (systematic

review),8® 91 were graded level 3 evidence (81 outbreak studies,!-51- 53-80. 93, 96, 108
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seven surveillance studies,81-84 86,87, 107 two prospective studies,®® *° one case

report®?) and five were graded level 4 evidence.%* 95 104-106

The causes of proliferation within the water system are usually related to a failure of
(one or more) controls including temperature control, chemical control, water flow or
pressure that allows these organisms (some of which are naturally found in water) to
survive and accumulate, often within biofilms. More detail regarding survival is

provided in the research question ‘How do healthcare water system-associated

organisms survive in the environment?’. Biofilms can act as a reservoir for a

multitude of microorganisms facilitating their survival within water systems, and
providing protection from control measures such as heat and chlorine.% Biofilm

formation within water systems was reported frequently in outbreak studies.” 24 2629,
31, 34, 37, 48, 51, 59, 61, 66, 68, 74, 76, 94, 104, 105

There are two possible sources of contamination (entry of microorganisms to water
systems) prior to proliferation; exogenous organisms that originate from within the

water itself, and endogenous organisms that originate from the patient.

Patients as the source (endogenous source)

All of the Enterobacteriaceae identified in these outbreak studies, as well as

P. aeruginosa, are commensal microorganisms meaning they can be found naturally
in the human intestinal tract. Therefore, it is possible that patients could introduce
these bacteria into healthcare settings, where they can contaminate or ‘seed’ the
environment and/or indirectly transmit to other patients. In three prospective
surveillance studies, attempts were made to determine the contribution of patients
(endogenous source) versus environmental (exogenous) sources to transmission of
P. aeruginosa.?? 8 86 A French multi-centre study compared patient samples
(screened regularly from admission) with pre-flush tap water samples to determine
whether patient-to-patient transmission had occurred (deemed possible when a
similar strain was isolated in more than two patients hospitalised during an
overlapping time period in the absence of a matched water sample).8® Possible
patient-to-patient transmission was identified for 50.5% (86/170) of patients and an
exogenous origin from tap water for 17.1% (29/170) of patients. It was not possible
to draw conclusions for 55 patients because the same strain types were shared by

many patients and tap water samples. When isolating microorganisms from
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environmental samples, multiple colonies may be present on the sampling plate,
however usually only one or two colonies are selected for identification — this is due
to time and financial restrictions. Due to the limitations of sampling technique and
microbiological analysis of water samples, the role of water sources in transmission
described in this study may have been underestimated. Further, no additional
environmental sites, for example drains or other water-based equipment, were
sampled. A prospective surveillance study undertaken in two Chinese intensive care
units (ICUs) found that 17.6% (6/34) of colonisations/infections with P. aeruginosa
were most likely due to patient-to-patient transmission and 50% (17/34) from
endogenous flora (diagnostic clinical sample identical to rectum and/or throat sample
of the same patient).8? Analysis of environmental samples showed that 64.7%
(12/17) of exogenous sourced cases were associated with contaminated sink drains;
none of the strains recovered from tap water matched patient strains. This suggests
that the plumbing infrastructure rather than the water was the main environmental
reservoir in these settings. A third prospective surveillance study, conducted in an
ICU in France, demonstrated that both patients and the tap water (pre-flush
samples) were reservoirs for transmission to subsequent patients, six patients were
colonised with P. aeruginosa on admission.® These three prospective surveillance
studies highlight the difficulties in determining both the source of contamination and
the subsequent direction of transmission (patient-to-patient, environment-to-patient,
patient-to-environment) when investigating water-system associated colonisations

and infections.8? 85,86

Inappropriate practices and behaviours of healthcare staff, patients and visitors can
increase the risk of patient seeding of the environment. Practices identified in the
literature (four outbreak studies) included the disposal of organic matter (food/drinks,
body fluids/waste material) and residual antibiotics into sinks (some of which were
designated for hand-washing only).%8: 60.62.84 Introduction of organic matter into sinks

provides the nutrients to maintain biofilms.

Environmental source (Exogenous source)

Analysis of the literature identified for this research question allowed categorisation
of the location of environmental contamination into system-wide (deeper within the

system), and/or isolated to drains and distal outlets. Separate to the water system
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itself, water-based equipment can also act as an environmental reservoir for ongoing

transmission.

Water system contamination

Fifteen outbreak studies detail infection incidents where widespread water system
contamination was identified (rather than isolated to distal ends/outlets).- 52. 53, 78,79,
92,93 The organisms involved included NTM and Legionella species. Two of the 15
outbreak studies were pseudo-outbreaks involving NTMs where positive clinical
samples were obtained but in the absence of clinical colonisation or infection in the
patient.> 4 Generally, in pseudo-outbreaks the clinical samples are effectively

contaminated by a contaminated water source, often via diagnostic equipment.® 4

A number of outbreak studies involving NTMs detail the presence of the outbreak
species in the incoming mains water supplied by the region.® 3 10° Widespread water
system contamination is often evident where multiple outlets and samples from
further back in the system, as well as from non-outbreak areas of the healthcare
setting, test positive.®? Proliferation of NTMs was reported after a generator failure
caused a decrease in water pressure, allowing stagnant water (created during
construction work) to flow into the water system of an oncology department; this was
associated with subsequent cases of M. mucogenicum bloodstream infections.”®
Stagnation creates the conditions for biofilm to develop on pipework and fittings.
Investigation of a Legionella pneumophila pneumonia outbreak found the hot-water
distribution system was unbalanced, with parts of the hot and cold-water pipes in
close proximity without thermal protection.®? Legionella was identified at inlet and
outlet points, suggesting widespread contamination in the system. Further,
thermostatic mixing valves at the sinks contained stagnant water where a lime
deposit was found. These combined failures are likely to have supported proliferation
of the Legionellae throughout the water. Health Protection Scotland (HPS) and the
UK Health and Safety Executive (HSE) guidance advise that a risk of Legionella
proliferation exists when the water temperature in all or some parts of the system is
between 20-45°C.1%4 196 |mprovements to water system infrastructure can have
unintended consequences if knowledge of the whole system is lacking. This was one
of the issues causing a Legionella outbreak where instantaneous water heaters were

installed within a hospital water system to improve temperature control. However, the
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change in the water system infrastructure resulted in an increased mixing of water
flow between two adjacent departments (each served by separate water recirculation
loops). 8 Poor management and unidentified dead-legs within one of these loops had
created stagnant water which then flowed into the haemato-oncology department
when the system was restructured. Further to these structural modifications,
changes were made to operation of the copper-silver ionization water disinfection
system used by the facility, which required temporarily opening bypass valves.
Investigators stated this likely resulted in an influx of sediment into the system. A
week after these changes, the first of 13 cases of Legionella pneumonia were
identified.® Similar engineering control failures were highlighted in an outbreak
involving Mycobacterium abscessus, where whole system contamination was
suspected.’ Mitigations included a programme of routine flushing, removal of
aerators, improvements to water recirculation to ensure increased mixing, faster
delivery of hot water to outlets and increased chloramine levels throughout the water
system. Ineffective heat exchangers were associated with an outbreak of Legionella
pneumophila where temperature fluctuations combined with flow rates at heat
exchangers being well below the maximum designed flow rate of 230 litres per
minute (leading to stagnation) preceded the infections.® High Legionella spp. counts
persisted despite hyperchlorination and heat treatment, suggesting a persistent
biofilm at the heat exchangers. Inadequate chlorination was associated with a
Legionella outbreak on a haemato-oncology unit in America; although the total
chlorine measured in the water (1.2 parts per million (ppm)) at the point of entry to
the system was within acceptable limits, the residual chlorine levels in the cold water
at distal outlets dropped to undetectable levels (<0.1 ppm).2 This is likely to have
allowed Legionellae to survive and grow. Inadequate chlorination was also
highlighted as a contributing factor in a pseudo-outbreak involving NTM (M. simiae),
where widespread contamination within the system (pipes, heat exchangers, sinks,

drinking fountains, ice machines) was identified.*

In some cases, more complex factors related to the design and construction of water
systems may contribute to the risk of contamination. Widespread water system
contamination at a Scottish hospital was linked to a multi-species outbreak of
bloodstream infections.® 52 53 In an outbreak study of a neonatal ICU, a delay

between completion of construction work and the commissioning caused water to
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remain stagnant for three months and the subsequent biofilm development was the
possible cause of the outbreak.®* Poor commissioning planning is an example of
inadequate management of the water system whereby a filled system does not
become operational for some time leading to stagnation of water which favours
biofilm development. Poor practice around construction and commissioning featured
in a number of outbreak studies® 3452 7° and is likely an underreported factor

considering the age of some healthcare estate.

There is a paucity of evidence that sheds light on the environmental prevalence of
these microorganisms in healthcare settings outwith outbreak situations and whether
this varies geographically. An environmental surveillance study to determine the
presence of Cupriavidus spp. in healthcare water systems across the UK found
Cupriavidus spp. in four out of the 10 tested hospitals as well as a range of
gram-negative bacteria in all 10 hospitals.®8 Another surveillance study aiming to
investigate the prevalence of NTMs in hospital water supplies in Iran found that

128 (64.6%) of 198 tap water samples, taken from various departments in

six hospitals, were positive for NTM species.?” The most common strains identified
were M. gordonae (24 isolates), followed by M. kansasii (18 isolates), M. simiae

(18 isolates), M. fortuitum (12 isolates), and M. chelonae (4 isolates). However, both
studies did not report patient infection/colonisation rates at the studied hospitals and
thus it is not known if the Cupriavidus spp and NTM found in the water supply was
posing a clinical risk. Whilst it is likely that there are distinct regional/geographic
trends in terms of presence of NTM in public water supplies, it is unclear how
geographic and environmental factors influence the prevalence of certain species

and the risk of nosocomial NTM infection/colonisation.

The outbreak studies discussed above highlight the complexity of water systems and
the myriad factors that can collectively increase (or decrease) the risk of naturally

occurring microorganisms proliferating. In two outbreak studies, although widespread
contamination of the water system was identified, the contributing factors at the local

level were not reported in detail.3 109

Distal outlet/drain contamination

Sixty reports describe microbial proliferation/contamination of the plumbing

infrastructure mainly at distal outlets and/or drains. Most of these outbreak studies
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(n=31) involved patient colonisation and/or infection with P. aeruginosa,0 1. 13-16, 19-
22, 24, 28, 30, 32-35, 38, 44, 45, 47, 51, 52, 54, 55, 82-86, 90, 91 (tWO Of these a|so inVOlved
Pseudomonas putida).5 > Other microorganisms included Enterobacteriaceae,
detailed in 22 reports (including Klebsiella species (K. pneumoniae, K. oxytoca),
Enterobacter species (E. cloacae, E. aerogenes), Citrobacter species (C. freudii,

C. koseri), E. coli, Serratia marcescens, Pantoea agglomerans, and Raoultella
planticola).1? 27: 29,37, 40-42, 46, 48-50, 56-65, 81 Qther gram-negative organisms included

B. cepacia,’” 23 Acinetobacter species (A. baumanii,'® 36.39.66 A uyrsingii),>?
Chrysomonas indologenes,>? and S. maltophilia.>? NTMs were detailed in 4 reports
(M. mucogenicum, M. fortuitum, M. canariasense, M. chelonae, M. chimaera).2> 26 31,
% Two of these 60 outbreak studies were pseudo-outbreaks where positive clinical
samples were obtained but in the absence of clinical colonisation or infection in the

patient; the microorganisms involved were P. aeruginosa and M. chimaera.3! 33

From the literature, taps were identified as plumbing system reservoirs contaminated
with P. aeruginosa in 11 reportst0 11,24, 30, 35,44, 54, 83, 85, 90, 91 \yjith NTMs

(M. mucogenicum, M. chimaera) in 2 reports?> 3! and A. baumanii in two reports.36: 66
Two of these studies also identified positive samples from shower water.54 83 Sensor
operated taps were specifically mentioned in four studies.?* 25 3% 44 An investigation
of a P. aeruginosa outbreak on a NICU in Northern Ireland found that sensor taps
had significantly greater odds of having at least one component positive for

P. aeruginosa compared with non-sensor taps (p < 0.05).2* Complex flow
straighteners were present in the sensor taps (and not in the non-sensor taps), and it
was unclear whether the higher rates of positivity associated with sensor taps were
due to the design of the flow straighteners or another factor specific to sensor taps.
Flow straighteners within taps were found to be contaminated in five studies.?4 3% 53,
66,78 Flow straighteners have the potential to allow build-up of organic debris and

provide the structural support for biofilm development.

Showers were implicated in three outbreaks involving NTMs,2¢ % and

P. aeruginosa.8?

Sink drains were reported as environmental reservoirs of Enterobacteriaceae in

18 reports!? 27, 29, 37, 40-42, 46, 48-50, 58, 60-64, 81 5n( reservoirs for P. aeruginosa in

Enterobacteriaceae outbreaks also involved contaminated shower drains,?29 42. 48
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a fourth had contaminated toilets®’ and another had positive samples identified from
patient mattresses.*® One study involved a water dispenser that was located next to
the contaminated sink.5° Four of the P. aeruginosa outbreaks reported biofilm
development in the pipework attached to the drain.4 16. 28,32 Shower and tap water,*
and shower drains and toilets®! were involved in a few of these P. aeruginosa
outbreaks. In addition to the 18 reports involving sink drains, shower drains were
identified as the reservoir for Enterobacteriaceae in one outbreak,®” and toilets in
another.5° Additional gram-negative organisms located in sink drains associated with
outbreaks included Burkholderia species,'” and A. baumannii,'® 3% Burkholderia
cepacia was discovered in tap water and on the inside of taps in an outbreak of

multiple cases of bloodstream infection.??

Design features of water fittings can facilitate transmission of organisms from their
environmental reservoirs to external surroundings. Two key sink design features
mentioned in literature that can facilitate splashing and/or surface and hand
contamination from a contaminated drain are the depth of the sink basin (shallow)
and the tap positioning relative to the sink drain (direct water flow onto the drain
which creates splashing).?! 30.62.105 These poor design features, coupled with poor
clinical practice such as storage, preparation, and handling of items (for example
drug preparation) within splash zones of water outlets,3 0. 14.39.63 gre risk factors for

dissemination of contamination from outlets and drains.

The reuse of a cleaning brush to clean down all the sink drains in a hospital ICU,
without disinfection of the brush between sinks, likely facilitated environmental
spread between drains during an outbreak of carbapenem-resistant bacteria in

Australia.t?

An open floor drain was identified as the source of an outbreak of
carbapenem-resistant P. aeruginosa in a urology ward in Spain;*° it should be noted

that open floor drains are not a common fixture in NHSScotland premises.

One report described infection with the fungus Fusarium solani where taps and
drains tested positive at a hospital in Brazil. Although water tanks were visually dirty,

sampling was not conducted to confirm whether contamination was system wide.”’
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Water-based equipment

Contaminated water-based equipment was identified in the literature as a source for
ongoing transmission in 15 reports, this included cardiac water heater coolers, % 8795
automated endoscope reprocessors,t 67 73 laparoscopy equipment,’* haemodialysis
wall boxes,®° chilled water dispensers,*3 68 70 a tea dispenser,®®> mesotherapy
equipment,’? ice machines,’® clothes washing machine,’® and neonatal incubators.2°
In neonatal incubators, steam cleaning as part of cleaning was facilitating
contamination of the incubators and mattresses due to residual moisture left after
steaming.8® The CDC also list equipment such as automated endoscope
reprocessors and ice machines.® Whilst the CDC state that hydrotherapy tanks and
pools can pose a risk, the evidence cited for this is all pre-2000 (mainly from the
1980s and 1990s).

In conclusion, whilst it is acknowledged that the source of contamination may be the
incoming water supply (many organisms are ubiquitous in the water supply), or the
patient, the causes for proliferation are commonly a failure of design and/or
management of healthcare water distribution systems and associated components,
fittings and equipment (such as lack of temperature, chemical control, flow or usage)
that allows incoming organisms to survive and accumulate. This is compounded by
multiple factors such as the inadequate design and/or management of water
systems, and inadequate cleaning/decontamination protocols. Inappropriate
practices and behaviours of healthcare staff, patients and visitors can present a risk
of environmental seeding (transfer of patient isolates to the environment) and
encourage survival of water system-associated organisms within the water system.
Infection incidents involving Enterobacteriaceae and P. aeruginosa were
predominantly linked to drains and point of use outlets. The potential involvement of
patients in seeding the environment, effectively acting as the source, is difficult to
determine in outbreak studies but cannot be discounted considering that these
organisms are human commensals. Whilst it is challenging to determine the original
source of plumbing infrastructure contamination, the evidence demonstrates that
these fittings and fixtures can act as environmental reservoirs for ongoing

transmission.

A major limitation of this evidence base is that most studies do not report on patient

colonisation at admission (possibly because such surveillance is not routine).
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Further, environmental testing beyond the tap water was often not conducted during
outbreak studies, therefore limiting knowledge as to the extent of wider system

contamination. Again, there is a risk of publication bias as studies that did not utilise
molecular typing were excluded. The variety of discriminatory power in the different

typing methods of included evidence is another limitation.

4. Which patient populations are considered as being at increased
risk of colonisation/infection with a healthcare water system-
associated organism?

In total, 41 pieces of evidence were identified in relation to this research question
which includes 39 outbreak StUdieS,z’ 3,7-14, 17, 19, 23, 25, 26, 28-31, 37, 47, 50, 51, 53, 55, 58, 60, 61, 63,
64, 69,70, 76-80, 96, 110 gne English guidance document that was deemed expert
opinion!! and one cohort study.®® In accordance with SIGN50 methodology,

39 were graded SIGN50 level 3 evidence (38 outbreak studies,? 3 7-14. 17, 19, 23,25, 26, 28-
31, 37, 47, 50, 51, 53, 55, 58, 60, 61, 63, 64, 69, 70, 76-80, 96, 110 one cohort Studygo) and one was

graded SIGN50 level 4 evidence (expert opinion).t!t

There are some general limitations to the evidence included within this research
guestion. All of the studies are low quality, graded SIGN50 level 3 or level 4. Since
the majority of studies (39 out of 41) are outbreak studies, there is a risk of
publication bias as not all infection incidents are published in scientific journals.
Moreover, outbreak studies are not controlled for and thus can only describe patient
populations affected by water-associated incidents/outbreaks but not measure
increased risk.

The patient populations most frequently affected by water system-associated
incidents and outbreaks, and considered as high-risk patients, include haematology
and oncology patients,? 7-10. 25 26, 28,37, 58, 63, 77-79 cardiac surgery patients,” 6961 bone
marrow and stem cell transplant patients,® 7- 31 51. 70 neonatal,*’- 8% 119 paediatric'’ 76
T and adult ICU patients,*? 13,50, 55,60, 64,90 transplant patients,”- 3° and any other
patients that are severely immunocompromised through disease or treatment, for
example burn patients,! 132 patients with compromised skin integrity and patients
with chronic lung disease.® ' 19 Patients with non-intact skin or indwelling

peripheral/central venous catheters may also be at risk.® 23 6.9 Not only patients
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admitted to hospital are at risk, but also patients at outpatient facilities (for example
oncology clinics).®® Clinical judgement is required to assess individual patient risk for

any patient not being managed in these high-risk settings.

The approved code of practice (L8) published by the Health and Safety Executive
(HSE) discusses patients at higher risk for infection with Legionella spp.
specifically.*! These include patients aged over 45 years, those with respiratory
disease, chronic kidney disease, diabetes, heart disease, or patients with an

impaired immune system.

5. What types of infection can healthcare water system-associated
organisms cause?

In total, 22 pieces of evidence were identified in relation to this research question
which includes 17 outbreak studies,*: 34 7. 11.23, 25,26, 31, 33,63, 67,69, 73, 78,79, 9% gne
cohort study,®® two international guidelines (both deemed expert opinion®+ 1°2) and
one surveillance study.?! In accordance with SIGN 50 methodology, 20 were graded
level 3 evidence (17 outbreak studies,’ 3 4 7. 11,23, 25,26, 31, 33,63, 67,69, 73, 78,79, 96 gne
cohort study,®® and two surveillance studies®® 87) and two were graded level 4

evidence (expert opinion).%4 102

A general limitation is the low quality of evidence (all 22 studies are graded SIGN50
level 3 or level 4). Due to most studies (17 out of 22) being outbreak studies, there is
a risk of publication bias as not all outbreaks/infection incidents are published in
scientific journals and thus some (possibly unusual or rare) types of infection could
be missed. However, at least two studies were identified for each type of infection
described below. Conversely, there is a possibility that rare or unusual types of

infections are more likely to be published resulting in an overestimation of their risk.

Within the identified studies, the different types of infection described to be
associated with water system organisms include bloodstream,? respiratory
(pneumonia, ventilator-associated pneumonia), skin and soft tissue (including
insertion site infections around any invasive device), surgical site infection

(endocarditis, wound infection),®” urinary tract infection (UTI) and disseminated
disease_?, 11, 23, 25, 26, 63, 69, 78, 79, 81, 90, 96, 102
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Pseudo-outbreaks, where positive clinical samples were identified but in the absence
of clinical colonisation/infection, were described in six outbreak studies linking the
contamination of patient samples to a contaminated water source.: 4 313367, 73 The
CDC advises that pseudo-outbreaks of M. chelonae, M. gordonae, and M. xenopi
have been associated with both bronchoscopy and gastrointestinal endoscopy when
contaminated tap water is used to provide irrigation to the site or to rinse off the
viewing tip in situ, or when the instruments are inappropriately reprocessed with tap
water in the final steps.%

6. What are the incubation periods of healthcare water system-
associated organisms?

Incubation period in the context of water-associated infection refers to the period
between entry of the organisms into the body and onset of infection and depends on
the microorganism involved, type of disease and patient factors.

The available evidence on this topic is very limited. One outbreak study,’* one
surveillance study®’” and two guidance documents'%2 112 categorised as expert
opinions were identified in the literature search. In accordance with SIGN50
methodology, two were graded level 3 evidence (one outbreak study’* and one

surveillance study®’) and two as level 4 evidence (two expert opinionst0? 112),

For most water system-associated organisms, it is challenging to determine an
accurate incubation period and this is in part due to the difficulty in determining the
exact exposure event and source, and in confirming a link between patient cases
and an environmental source. Exceptions to this are for Legionella spp. and

Mycobacterium chimaera.

For legionellosis, guidance from the World Health Organization (WHO) and the
European Centres for Disease Control and Prevention (ECDC) advise an incubation
period of 2-10 days which can extend up to 20 days in rare cases.'%% 112 This
information is informed by data from community-acquired outbreaks; there is less
recent data available for healthcare-associated cases. There is a very low incidence
of cases in the healthcare population in Scotland. In fact, there have been no
hospital-acquired Legionnaires' disease cases in Scotland in the past ten years.'3
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Two reports specific to cardiopulmonary bypass—associated M. chimaera infections
indicate an incubation period of between three months and five years for that specific

organism and exposure scenario.’ 87

In summary, the evidence base regarding incubation period is limited and the precise
incubation period for most healthcare water system-associated organisms is varied
and unknown. As previously mentioned, incubation periods may be fairly lengthy in
some cases. However, very short incubation periods of less than the typically used
48 hours cut off for defining a healthcare associated infection may also be possible

(see chapter 3 ‘Healthcare Infection Incidents, Outbreaks and Data Exceedance’ of

the National Infection Prevention and Control Manual). It must be noted that patients
susceptible to infection with water system-associated organisms can clinically
deteriorate rapidly following exposure.

7. What is the period of communicability for healthcare water
system-associated organisms?

No evidence was identified to support this research question.

8. What are the known transmission routes of healthcare water
system-associated organisms?

In total, 41 studies were identified in relation to this research question which includes
34 outbreak StUdieS,l’ 3,7,10,12, 13, 15, 16, 19, 21-23, 25, 26, 29, 32, 33, 35, 57-60, 63, 67, 68, 70, 71, 76, 79, 82,
86,96, 114, 115 two surveillance studies®® 8’ and one cohort study.®® Four guidelines
were also included, of which two were Scottish guidelines!'® 117 and all were graded
as SIGN50 level 4 expert opinion.®* 9116, 117 |n gccordance with SIGN50
methodology, 37 were graded level 3 evidence (34 outbreak studies, 3. 7. 10, 12, 13,15,

16, 19, 21-23, 25, 26, 32, 33, 35, 57-60, 63, 67, 68, 70, 71, 76, 82, 86, 96 tyy/o surveillance studiesd3 87 and

one cohort study).%®

Most studies identified in literature investigating the association between infection
and water systems are outbreak studies (34 out of 41 studies) which may suggest a
possible, indirect association between the water source and disease transmission.
However, it remains challenging to confirm the exact mode of transmission. In many

instances, an exact transmission mode from an identified environmental source or
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reservoir to a patient could not be determined.® 8283 |n such cases, multiple water

uses present multiple possible transmission routes.

There is also a risk of publication bias within this research question as not all
outbreaks/infection incidents are published in scientific journals and therefore there
is the possibility that the evidence may not fully reflect what is being seen in practice.
Moreover, the CDC guidelines are mostly based on studies published pre-2000

which is a limitation as it might not reflect current IPC practice.®

Under favourable circumstances, water system-associated organisms have the
ability to either proliferate in active growth or remain for long periods in highly stable
environmentally resistant forms.®* The different modes of transmission include direct

contact, indirect contact, aerosolisation and aspiration.

Direct contact can occur through ingestion of contaminated water,” 70 or contact of
contaminated water with any other portal of entry (for example surgical site wound,

invasive devices, exposed or wounded skin).3 7: 23 25,26, 29,79, 96

Indirect transmission can occur from the hands of healthcare workers after
contacting a contaminated reservoir or source. Healthcare workers hands are often
hypothesised as a transmission route in outbreak studies in ICUs where patients are
bedbound, but this is challenging to confirm.> 16. 55, 63,86, 90,114 Of seven

P. aeruginosa strains isolated from HCW hands on a medical ICU, the genotype was
the same as that from the last patient touched by the HCWs in six cases, and in the
seventh was the same as the last tap water sample used.®® Even where samples are
taken from HCW hands, they may test positive, even when poor hand hygiene is
observed.®? At an Italian haematology unit, a contaminated soap dispenser (soap

type ‘Triclosan’) was the source for onwards transmission via HCW hands.!4

Indirect transmission can also occur when contaminated equipment comes into
contact with patients. Examples of contaminated equipment include diagnostic
equipment (bronchoscopes,33 87 bronchoscope automatic washing machine?®: 76),
medicine prep trays,*° surgical equipment (arthroscope),?? ventilator equipment
(suction apparatus),® breast pump equipment,3? surgical drape that was re-used
despite being single-use,'® and hydrotherapy shower mattresses.'® For example,
contamination of infusion therapy procedure trays used to carry intravenous

preparations to patient rooms was identified in an outbreak study as the link between
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contaminated taps and infected patients, with Hickman lines providing an entry route

for organisms.°

Aerosolisation can occur through contaminated water generated from the process of
water splashing or spraying onto or from clinical wash hand basins, drains, sinks,
shower cubicles and when flushing toilets.6: 2% 57, 59, 60. 63,94 Agrosols can also be
released from contaminated water-based equipment for example cardiopulmonary
bypass machines and heater-cooler units used during cardiac surgery,” 71 87,95 116,

umidifiers within mechanical ventilators,3 °* as well as room air humidifiers.
h dif th h I tilat 32,94 Il humidif 94

Finally, the aspiration of contaminated water can be another mode of transmission.
Patients with nasogastric tubes and those requiring oral fluid replacement (both often
intubated patients) may inhale contaminated water into the airways.'*® The 2003
CDC guidelines (expert opinion) state that aspiration is a transmission mode,
however the references provided are all in relation to Legionella spp. and all
published before the year 2000.°%4

In summary, the various transmission routes can be classed in four groups: direct
contact, indirect contact (including via contaminated personnel and patients,

environment, equipment, and medical products), aerosolization, and aspiration.

9. Which healthcare procedures present an increased risk of
transmission of healthcare water system-associated organisms?

In total, 20 studies were identified in relation to this research question which includes
14 outbreak studies,® 7 10, 13, 23, 25, 26,33, 57, 67, 69, 71, 79, 96 t\yg Scottish guidance
documents (expert opinion),116 117 one English guidance document (expert
opinion),% one international guideline (expert opinion),%* one cohort study®® and one
surveillance study.®” In accordance with SIGN50 methodology, 16 were graded level
3 evidence (14 outbreak studies,? 7 10. 13,23, 25,26, 33, 67,69, 71, 79,96 gne cohort study®°
and one surveillance study®’) and four were graded level 4 evidence (four expert

opini0n594, 95, 116, 117).

A general limitation is the low quality of evidence (all 20 studies are graded SIGN50
level 3 or level 4). Due to the large number of studies (13 out of 20) being outbreak
studies, there is a possibility of publication bias as not all outbreaks/infection

incidents are published in scientific journals and thus the risk of transmission of
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organisms following some healthcare procedures might be underestimated.
Moreover, the international guidelines included (CDC) are limited as they are mostly
based on studies published pre-2000 and therefore might not reflect current IPC
practices and the associated risks.®*

In theory, all diagnostic, treatment, and patient care procedures that involve a water
source may present a risk of transmission of healthcare water system-associated
organisms. Uses of water in procedures have been traced back as the potential
transmission route to the patient in the literature, as follows: two outbreak reports,3*
67 one international guideline published by the CDC®* (SIGN50 level 4) and one other
expert opinion guidance!!’” provide evidence that reusable medical equipment
(bronchoscopy, endoscopy) present a risk due to poor disinfection and inappropriate

reprocessing of instruments with tap water.

Patient hygiene (bathing and washing) including wound care was evidenced in three
outbreak reports and one cohort study.? 7 57: %0 Involvement of CVCs via submersion
in water was evidenced in three outbreak reports?® 26:% and in CDC guidelines
(SIGN50 level 4). Procedures involving CVC care including haemodialysist® 23 was
described in two outbreak reports. Two outbreak studies conducted case-control
assessments which demonstrated CVCs to be significant risk factors for infection.®®:
9 Hydrotherapy was evidenced in one outbreak report'® and CDC guidelines
(SIGN50 level 4).

Oral care and enteral tube flushes was evidenced in one outbreak report.”

Use of cardiac heater cooler units during surgery was evidenced in four outbreak
reports and one surveillance study and two guidance documents (both SIGN50

In summary, the evidence was consistent in demonstrating that any diagnostic,
treatment or patient care procedure that involves a water source (for example oral
care, washing/bathing, enteral tube flushes, intravenous procedures including
management, hydrotherapy, use of cardiac heater coolers during surgery) may

present a risk of transmission.
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3.1.2 Prevention and control of healthcare water system-
associated infection:

10. What are the microbiological water testing requirements at
commissioning?

In total, six pieces of evidence were identified to answer this research question which
includes two guidance documents published by the British Standards Institution!*®:
119 (including one code of practice''®), two Scottish guidance documents!?0. 121

(part of the Health Facilities Scotland Scottish Health Technical Memorandum
(SHTM) 04-01 series on water safety), one British guidance document?? (part of the
Department of Health, Health Technical Memorandum (HTM) 04-01 series on water
safety) and one Scottish incident report.>? All six pieces were deemed to be expert
opinions due to the lack of a rigorous methodology or evidence base in guidance
development. In accordance with SIGN50 methodology, these six expert opinions
are graded level 4 evidence.5? 118122 The small volume of evidence and the lack of
high quality evidence is a limiting factor and makes it challenging to answer this
research question based on the published scientific articles and guidance documents

alone.

Water samples should be obtained as standard UK practice at water system
commissioning to ensure a safe handover of a newly constructed or refurbished
water system from the contractor.5? 118. 120-122 However, there is no mention of
specific microbiological water testing requirements at commissioning in the literature.
It is mentioned in SHTM 04-01 (Water safety for healthcare premises, Part A) that
after disinfection (which is also part of the pre-commissioning process),
microbiological tests for bacteria colony counts at 37°C and coliform bacteria,
including Escherichia coli, should be carried out to confirm that the water is of

potable quality.120

Scottish guidelines SHTM 04-01 (Water safety for healthcare premises, Part A) and
the British Standard BS 7592:2022 state that the NHS board water safety group
(WSG) should agree a sampling regime and appropriate parameters prior to tender,
including microbiological, depending on the intended use of the system and

vulnerability of the patients.''® 122 These guidance recommend that to confirm
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effective disinfection, samples should be taken no sooner than 48 hours after
disinfection and immediately prior to handover.'® 122 The British Standards
Institution PD 855468:2015 extends this period, stating that samples should be taken
between two and seven days after disinfection to avoid false negative results.*° In
the case of Legionella, Scottish guidance indicates that a period of three days — and
preferably five — should be allowed following disinfection for the system to settle prior
to sampling.t?! It is recommended that sampling is undertaken by an accredited
organisation independent of the contractor.1??

Due to the lack of evidence identified here, more research and inclusion of
commissioning in current guidance or the development of new guidance is needed

especially regarding specific microbiological water testing requirements.

11. What are the responsibilities of the IPC team in regards to water
safety at commissioning?

In total, six pieces of evidence were identified in relation to this research question
which includes three Scottish guidance documents,10% 123. 124 two British
Standards'?® 126 and one Scottish incident report.>2 All six pieces were deemed to be
expert opinions due to the lack of a rigorous evidence base underpinning and/or
methodology in developing the guidance. In accordance with SIGN 50 methodology,
these six expert opinions are graded level 4 evidence.5? 101. 123126 The |ack of high

guality evidence is a limiting factor for answering this research question.

Throughout the planning and implementation process, ongoing input from a
multidisciplinary team, which includes IPC professionals, is required to ensure that
infection control remains at the forefront of the design, planning, construction
refurbishment and maintenance of healthcare facilities.'?3 The Healthcare
Associated Infection System (for) Controlling Risk In the Built Environment
(HAI-SCRIBE) procedure has been developed to identify, manage and record built
environment infection control risks.'?* It is a requirement for IPC teams to have

involvement with the HAI-SCRIBE process.'?*

The SHTM 04-01 Water safety for healthcare premises, Part A, states that the water

system should not be brought into service until the infection control team certifies
that the water is of potable quality.'?° The SHTM 04-01 (Water safety for healthcare
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premises, Part B) includes the responsibilities for the WSG (which includes the

Infection Control Manager, the Infection Prevention and Control Doctor and the
Consultant Microbiologist) for the maintenance of water quality from the point it
leaves the tap.%! They should also advise on infection control policy and this policy

should be agreed with the Infection Prevention and Control Team.

IPC teams should be represented in WSGs within NHS boards who commission and
develop a Water Safety Plan (WSP) as outlined in SHTM 04-01 and BS 8680 which
includes a risk assessment and actions to mitigate risks.10% 123.125 The British
Standard (BS 8580-2:2022) also mentions the input of IPC teams during the

development of a risk assessment to identify the types and location of healthcare
water system associated infections which could be linked to water exposure and for

assessment of surveillance practices.'?6

In general, there is a lack of detail in extant guidance regarding the specific roles and
responsibilities of the IPC team at commissioning, beyond certifying that the water is
of potable quality.'?° There is consensus that a multidisciplinary team, which includes
IPC professionals, should have ongoing input during commissioning.

12. Is routine water testing to detect healthcare water system-
associated organisms recommended?

In total, 15 pieces of evidence were identified in relation to this research question
which includes three guidance documents published by the British Standards
Institution, 05 118,126 o Scottish Heath Technical Memorandums,0%: 127 six other
guidance documents that were classed as expert opinion (including two derived from
Scotland, three from England, one from the Republic of Ireland, one CDC guidance
document and one WHO guidance document)®# 102,116, 117, 128-131 gne gutbreak
study®3, Healthcare Infection Society (HIS) Working Party guidelines.%* 132 |n
accordance with SIGN 50 methodology, one was graded level 3 evidence (one
outbreak study)®® and 12 were graded level 4 evidence (nine expert opinions)0t. 102,
105,118, 126-130 The HIS guidelines included in this section were graded using the

AGREE tool as ‘Recommend’.132

The low quality of evidence is a general limitation of the included evidence (out of the

15 studies included, 13 are level 4 and one is level 3). Most of the included guidance
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documents are classed as expert opinion due to their limited methodology and/or
lack of a rigorous search of evidence. The CDC guidelines included are mostly
based on studies published pre-2000 and therefore might not reflect current IPC
practices and the associated risks.®*

Routine water testing is currently recommended for P. aeruginosa in the UK and the
Republic of Ireland in augmented care areas only (for example NNUs and ICUs).128
130 This is because little reassurance can be gained from one-off samples which can
give rise to false negative results, and may miss other contaminated water outlets.

Since the clinical risks of severe disease are higher in augmented care, the benefits

of routine water testing outweigh the disadvantages.

The CDC mentions that environmental surveillance involving periodic culturing of
water samples for Legionella spp. from the hospital’s potable water system can be
an advantage as this is less costly than routine lab diagnostic testing for all patients
who have healthcare associated pneumonia.® Routine sampling for the presence of
Legionella is currently only recommended in England and Scotland when
temperatures are not consistently attained or control methods other than heat are
used, or where it is found to be necessary by the risk assessment (for example in
high risk units and/or procedures).10% 118,129, 130 The World Health Organization
(WHO) also recommends testing for Legionella in wards with high-risk patients.102
The need for routine water testing other than Legionella and P. aeruginosa should
also be based on risk assessment. Guidance on risk assessments relevant to water
can be found in BS 8580-1 regarding Legionella and BS 8580-2 regarding

P. aeruginosa and other healthcare water system-associated pathogens.195 126

Total Viable Counts (TVC) can provide evidence on general background
microorganism levels and a number of guidance documents agree that routine TVC
testing can be useful to indicate deteriorating water quality.10%: 105 127,130 Any
significant changes in monitored levels can provide an early warning of possible
emerging problems. The Department of Health, Health Technical Memorandum
(HTM 04-01) only recommend monitoring of TVC levels in case of taste or odour
problems and when doing so, it may be used to analyse trends.*3° Although not
currently mandated in Scottish guidance, the SHTM 04-01 mentions that many
estates management staff continue to test for TVCs and this can be especially

important in high risk units and/or where high risk procedures are undertaken.0%. 127
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As an example, regular and consistent water testing (surveillance) resulted in timely
recognition of elevated TVC levels in a Scottish outbreak study which successfully
minimised the clinical impact of the outbreak.>® However, no further studies were
identified in literature that routinely tested for TVC levels. Further research, for
example a pilot study in an NHSScotland healthcare facility, would be valuable to

create a baseline for TVC testing.

Additional routine testing of water used in patient care procedures that use water
separately from the main hot and cold water distribution system (for example HCUs,
endoscopy, renal dialysis) is beneficial. Scottish guidance specific to cardiac HCUs
recommended fortnightly water testing as HCUs are a known reservoir of healthcare
water system-associated organisms.'6 Scottish guidance specific to the
management of endoscopy rinse water recommend weekly testing of endoscopy
final rinse water as described in SHTM 2030.17 The Healthcare Infection Society
(HIS) Working Party have produced detailed guidelines on final rinse water where
they recommend that TVC monitoring should be done weekly and testing for the
presence of environmental mycobacteria and P. aeruginosa quarterly, which is in line
with guidance from Public Health England.3% 132 Healthcare facilities are advised by
the CDC guidelines and guidance documents from England and Republic of Ireland
to sample dialysis fluids monthly as well as product water used to prepare dialysate
using standard microbiologic assay methods for healthcare water system-associated
microorganisms.®* 128 131 Additionally, English and Republic of Ireland guidance
recommend to sample hydrotherapy pool water weekly for E.coli, coliform bacteria,

P. aeruginosa and English guidance adds quarterly testing for Legionella spp.128 131

Republic of Ireland guidelines state that water provided by water dispensers, water
coolers or filtered water unit taps and associated pipe work, which are commonly
made of plastic and particularly prone to microbial biofilm contamination, should be

subject to periodic microbiological testing to ensure good water quality.*?®

It is important to note that the detection of low TVCs is an indication of the overall
water quality and signifies a generally unfavourable environment for bacteria, but is
not necessarily an indication of the absence of water system-associated organisms
(including Legionella spp.).1°% 19 Therefore, these results need to be interpreted

carefully when they are being considered in a risk assessment.10>
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To summarise, routine water testing is recommended for P. aeruginosa and
Legionella spp. in high-risk areas (for example NNUs and ICUs) to protect vulnerable
patients. Guidance on risk assessments to determine if routine water testing is
needed for organisms other than P. aeruginosa and Legionella spp., can be found in
BS 8580-1 (Legionella spp.) and BS8580-2 (P. aeruginosa and other water
healthcare water system-associated pathogens). For organisms other than

P. aeruginosa and Legionella spp. it can be valuable to monitor TVC levels and
analyse trends as changes in TVC levels can highlight potential issues with the water
system. Routine testing of water that is separate from the main hot and cold water
distribution system is recommended for HCUs, endoscopy rinse water, water used

for renal dialysis and hydrotherapy pool water.

13. What are the recommended microbiological limits for healthcare
water system-associated organisms?

In total, 19 pieces of evidence were identified in relation to this research question
which includes seven Scottish guidance documents,10% 104, 116, 117, 120, 127, 133 three
English guidance documents,12% 131. 134 foyr British Standards,0% 119126, 135 gne
mandatory Scottish legislation,'3¢ one Republic of Ireland guidance document,*?® one
international guidance document (WHO),'°2 one UK guidelines'®? and one outbreak
study.>2 In accordance with SIGN 50 methodology, one was graded level 3 evidence
(one outbreak study®?) and 16 were graded level 4 (16 expert opinions!0?, 102, 104, 105,
116,117, 119, 120, 126-129, 131, 134, 135) The UK guidelines included in this section was

graded using the AGREE tool as ‘Recommend’.132

Most of the included guidance documents (16 out of the 17) are classed as expert
opinion due to their limited methodology and/or lack of a rigorous underlying
evidence base. Moreover, the fact that 17 out of the 18 included studies are low
guality (one is graded SIGN50 level 3 and 15 SIGN50 level 4) is a limitation of the

evidence base for this question.
Hot and cold water systems

Twelve sources provide evidence regarding limits for hot and cold water systems.53
101, 102, 119, 120, 127-129, 131, 134-136 A water supply is not expected to be entirely free from

healthcare water system associated organisms, but systems should be in place to
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avoid favourable conditions for microbial growth.'?° TVC testing results can indicate
when the system itself is deteriorating or where there is a local contamination
issue.t01. 120,135 Consequently, the microbiological limits are not defined for the hot
and cold water system and monitoring over time is recommended by five evidence
sources to capture any significant increase in TVC counts.19 127,135,136 The British
Standards Institution mention an increase in microbiological counts in their published
document (PD855468:2015) as TVC results in excess of a 2 log difference (100

times) above that found in incoming water.19

Elevated TVCs following frequent water testing from various points within the water
system and the clinical isolation of a rare pathogen Cupriavidus pauculus in a sterile
aseptic pharmacy unit prompted an outbreak investigation. The unit had prior agreed
TVC cut-off levels of <10 cfu/ml at 37°C and, <100 cfu/ml at 22°C, but on several
occasions the TVCs were reported over 300 cfu/ml which the authors interpreted as

being potentially associated with the incident.53

In general, the mandatory Scottish Water Regulations 2014 states that water (for
general use, not specific to health and care settings) must have 0 cfu/100 ml for
Enterococci and Coliform bacteria (including Escherichia coli) to pass as potable,
and must have ‘no abnormal change’ for TVCs in 1ml water sample at 22°C and
37°C.1% This is also indicated in English and Republic of Ireland guidelines where
microbiological limits of potable water are specified as 0 cfu/100 ml for Enterococci
and Coliform bacteria (including E. coli) and no upper limit for other bacterial species
except P. aeruginosa.'?® 131 For P. aeruginosa in all areas, the recognised

microbiological limit is 0 cfu/100m].128. 131

Specifically, the microbiological limits for Legionella spp. in the healthcare facilities’
hot and cold water system are consistent in Scottish and English guidance to be no
greater than 100 cfu/litre 103 104,127, 129, 131, 134 |t j5 recommended by the WHO and

English guidelines, that in high-risk areas such as transplant units and ICUs, water
from the outlet should be free of Legionella spp. (that is O cfu/litre water) in order to

protect susceptible patients.102 129. 134
High-risk procedures

In addition to water systems, UK and Republic of Ireland guidance documents

recommend specific microbiological limits for healthcare procedures that present an
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increased risk for contamination with healthcare water system-associated organisms
(for instance HCU water, hydrotherapy water, endoscopy final rinse water, final rinse
water in surgical instrument washer disinfectors and renal dialysis fluid/water).116: 117,
128, 131-133 These limits include endotoxin levels to measure the presence of
gram-negative bacteria (<0.25 EU/ml in endoscopy and surgical instrument washer
disinfectors final rinse water and <0.125 EU/ml in renal dialysis fluid/water) and TVC
cut-off levels (<100 cfu/100 ml in HCU waters, <50 cfu/ml in renal dialysis fluid/water,
<10 cfu/ml in hydrotherapy water, <10 cfu/100 ml in endoscopy final rinse water and
<1 cfu/100 ml in final rinse water in surgical instrument washer disinfectors).16 117,
128, 131-133 For HCU water and endoscopy final rinse water, a limit of O ¢fu/100 ml
Mycobacterium spp. is also recommended.16: 128, 131, 132 gpecific to hydrotherapy
water, a limit of <20 cfu/litre for Legionella spp. is recommended by English guidance
(PHE) and 0 cfu/100 ml for Staphylococcus aureus, only as part of wider

investigations, which is in agreement with the Republic of Ireland HPSC guidance
128, 131

To summarise, extant guidance provides the following recommended microbiological

limits for all water system testing in healthcare facilities:
» Coliform bacteria (incl. Escherichia coli): 0 cfu/100 ml
» Enterococci: 0 cfu/200 ml
o P. aeruginosa: 0 cfu/100 ml

o Legionella spp.: <100 cfu/litre in non-high risk units and 0 cfu/litre in high risk

units and procedures

Additional microbiological limits are recommended for healthcare procedures that

present an increased risk:
e Heater cooler unit water
o 0 cfu/100 ml Mycobacterium spp. 116131
o TVC cut-off levels of <100 cfu/100 ml 16
o Hydrotherapy water

o <20 cfullitre for Legionella spp. 13!
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o 0 cfu/100 ml for Staphylococcus aureus as part of wider investigations
only (local decision) 128 131

o TVC cut-off levels of <10 cfu/m] 128 131
» Endoscopy final rinse water
o 0 cfu/100ml for Mycobacterium spp.t28 131, 132
o TVC cut-off levels of <10 cfu/100 m] 117,132
o Endotoxin limit of <0.25 EU/m|] 128133
» Final rinse water in surgical instrument washer disinfectors
o TVC cut-off levels of <1 cfu/100 m| 131
o Endotoxin limit of <0.25 EU/m] 132
» Renal dialysis fluid and water
o TVC cut-off levels of <50 cfu/m] 128 131
o Endotoxin limit of <0.125 EU/m| 128 131

Two British Standards advise that determination of acceptable limits for other
locations (beyond augmented care/high-risk units) in the healthcare facility should be
based on a risk assessment.1%%: 126 |n general, there is a paucity of published

literature to inform risk assessment requirements..

14. How frequently should routine water testing be conducted?

In total, 10 pieces of evidence were identified in relation to this research question
which includes eight guidance documents that were deemed to be expert opinion (of
which three were English130. 131, 134) 102,128, 131,134, 137 three British Standards!!® 119. 126
and one before-after study.®! In accordance with SIGN50 methodology, one was
graded level 3 evidence (one before and after study®') and nine were graded level 4

evidence (nine eXpert Opinion3102, 118, 119, 126, 128, 130, 131, 134, 137)_

All of the included guidance documents (nine in total) are classed as expert opinion
due to their limited methodology and/or lack of a rigorous underlying evidence base.
Moreover, no high quality evidence is identified (out of the 10 studies, nine are level

4 and one is level 3) which is a limitation of the evidence base for this question.
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Most guidance on the frequency of microbiological water testing, including for

P. aeruginosa and Legionella spp., do not define a specific time frame, but
recommend that it should be based on a comprehensive risk assessment and in
agreement with the WSG.118: 126,128,134 The WHO mentions that the frequency of
testing for Legionella spp. depends on the status of the water system (for example

variation in biocide treatment, storage or distribution temperatures).1%?

English guidance recommends testing water outlets at least every six months for
P. aeruginosa; however, these recommendations are based on expert opinion and
do not have scientific studies referenced.'3% 3! Six-monthly testing may be
insufficient particularly in settings where contamination of tap outlets has been

found.®!

To determine the frequency of water testing, the growth rate of the organism needs
to be considered.'*® It is also important to have a sufficient frequency for trend
analysis to establish evidence-based confidence that control measures remain
effective.?6 Guidance from the WHO adds that the frequency also depends on the
source of the water supply.'3” Once the frequency is established, British Standards
guidance advises that it should be reviewed by the WSG based on sample

findings.126

15. When should routine water testing frequency be increased?

In total, eight pieces of evidence on this subject were identified which includes two
Scottish guidance documents, 01 127 five other guidance documents'92 118, 128-130 gng
one outbreak study.? All seven guidance documents were deemed to be expert
opinions due to the lack of a rigorous search and/or methodology in developing the
guidance. In accordance with SIGN50 methodology, one was graded level 3
evidence (one outbreak study®) and seven were graded level 4 evidence (seven
expert opinions10% 102, 118, 127-130) There was no primary scientific evidence identified

to inform this research question.

The Scottish Health Technical Memorandum 04-01 recommends increasing the
water sampling to a weekly frequency when a water system is brought back into use
after a Legionella contamination has been resolved to closely monitor the water

quality.*?” It mentions that where the results of three consecutive weekly water
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system samples remain below 100 cfu/litre in non-high risk units, those identified by
the WSG (for example the Authorised Person (Water), Consultant Microbiologist,
authorising engineer for water) would be informed and sampling would revert to a
monthly sampling frequency.'?” Once three consecutive monthly samples remain
below 100 cfu/litre, the sampling can be reverted to quarterly sampling (every three

months).1?’

A recent outbreak study presented implementation of changes to the water treatment
strategy as the cause of a Legionella spp. outbreak and therefore recommended that
microbiological levels should be assessed after implementing changes to the water

system and/or its treatment strategy.®

UK guidance (including relevant British Standards), Republic of Ireland guidance and
the WHO cover more situations when the routine water testing should be increased.

These situations are summarised below:

» after implementing changes to the water system and/or its treatment strategy
(for example contamination has been resolved and system is brought back

into use)?: 127. 130

e during a suspected or confirmed outbreak or if surveillance identifies an

increased incidence of infection101. 118, 128

« pre-flush trend analysis demonstrates increasing cfu/100 ml for P.

aeruginosa'®°

» when control levels of the treatment regime (for example temperature or

disinfectant concentrations) are not consistently achieved?!01. 102, 129

16. Where should routine water samples be taken from (which
outlets, how many samples)?

In total, 10 pieces of evidence were identified in relation to this research question
which includes four Scottish guidance documents,101: 120,127,138 three documents
published by the British Standards Institution, 8 119. 135 two other English guidance
documents?3!: 134 and one Republic of Ireland guidance document.?® All 10 pieces of
evidence were deemed to be expert opinions due to the lack of a rigorous search
and/or methodology in developing the guidance. In accordance with SIGN 50
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methodology, these 10 expert opinions are graded level 4 evidence. 10% 118-120, 127, 128,
131, 134,135,138 The lack of high quality evidence is a general limitation for this research

guestion.

The British Standards Institute’s BS 7592:2022 on Legionella sampling, which is
considered best practice, advises that on new sites or where there is no established
sampling plan, a survey of each water system is necessary, together with
preparation of an up-to-date schematic diagram of each system.18 The results of
this survey and any other available data should be used to develop a sampling plan
and identify the sampling points, keeping in mind the risk factors within the water
system for the growth of Legionellae (for instance temperatures between

20°C - 50°C, infrequent use, materials of construction and so on.).18 The identified
sampling points should be noted on a simple room plan or site schematic to enable
later resampling.*'8 BS 8554:2015 Code of Practice for the sampling and monitoring
of hot and cold water services in buildings states that a sampling plan should also
take into account the time water is resident in the building, residual disinfectant
decay, storage capacity and residence time/water age, the effects of temperature,
and other relevant factors likely to have an effect on water quality such as condition
of components, which is in agreement with English guidance.3% 135 The sampling
plan should identify equipment that constitutes a significant risk of infection because

it produces an aqueous aerosol (see “Which healthcare procedures present an

increased risk of transmission of healthcare water system-associated organisms?”),

and areas where there is the potential for ingress, stagnation and biofilm build-up.*3%
The plan should include fixed sampling points that can be included in a long-term
sampling plan (for instance routine testing during operational management) to

enable trend analysis.®

The Republic of Ireland HPSC provides guidance regarding routine sampling for
Legionella spp. and recommends that the number and types of sites that should be
tested to detect Legionella spp. must be determined on an individual system basis
because of the diversity of plumbing, heating, ventilation and air-conditioning
systems in the various institutions that may be sampled.'?® Scottish and English
guidance state that water samples should be taken from selected areas within the
distribution system and this selection should be on the basis of risk assessments

relating to system configuration or patient susceptibility.120: 127. 134 The Scottish Health
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Technical Memorandum 04-01 mentions that the following samples should be taken

as a minimum;101

» from the cold water storage and the furthermost outlet from the tank, on every

loop

« from the calorifier flow, or the closest tap to the calorifier, and the furthermost

tap on the hot water service circulating system

» additional samples should be taken from the base of the calorifier where drain

valves have been fitted

» additional random samples may also be considered appropriate where

systems are known to be susceptible to colonisation

Examples of recommended sample sites for routine water testing are given in

numerous UK guidance documents (including British Standards and Scottish

guidance) and these are summarised in Table 1:

Table 1: Example sample sites for routine water sampling.10%. 118 127,

128, 131, 135

System Sample points

Cold water e Incoming main, close to meter, where facilities exist to do
system o)
e Storage tank (inlet and outlet)
e Nearest, mid-point and furthest outlet from the storage
tank, on every loop
e Other outlets in areas considered to represent a particular
risk for example hospital waters with ‘at risk’ patients
Hot water e Calorifier outlet (or header cistern) or nearest tap to the
system calorifier outlet

Return supply or nearest outlet to the return supply
Base of calorifier where drain valves have been fitted
Furthest outlet from the calorifier (for instance sentinel
outlet)

Return to calorifier

Other outlets in areas (for instance taps and showers)
considered to represent a particular risk e.g. hospital
wards with ‘at-risk’ patients
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System Sample points

Other e Water supply points with removable hoses and devices

systems/sources | «  Hydrotherapy pool water (Furthest point away from
inlets/outlets and balance tank)

¢ Renal unit waters and dialysis fluids (end of distribution
loop or the last machine in a dead-end system)

e Evaporative cooling systems

e Additional random samples may also be considered
appropriate where systems are known to be susceptible to
colonisation

English guidance further expands on the requirement to include samples from sites
in the hot water system that are coolest and sites in the cold water system that are
likely to be warmest (thus representing sites most likely to support the growth of
Legionella spp.).13! Of note, this guidance and the British Standard BS 7592:2022
also mention that the first water delivered from the outlet (meaning pre-flush) should

be used for routine monitoring.18 131

There is limited evidence to determine the appropriate number of samples that

should be taken. PD 855468:2015 recommends that samples should be sufficient in

number to be fully representative of the distribution system, sub-branches, tanks and
cisterns, as well as the condition to be evaluated for example efficacy of distribution
of disinfectant.*® Examples of sampling frequencies for distribution networks are
provided in PD 855468:2015, where samples would be taken from each branch and

at suitable intervals along the run of pipes.*®

Republic of Ireland Legionella guidance references Dutch guidance which lists a
recommended number of outlets to sample that is dependent on the number of
outlets the building has.'?® The numbers represent 0.75% to 4% of total outlets.

A review of a Scottish hospital water testing commented that 5% of the total outlets
in the hospital were sampled at commissioning.'38 There is no evidence in the

literature to determine whether these percentages are sufficient or not.

Available guidance on how to take samples is provided in SHTM 04-01 - Part C,
BS I1SO 5667-24:2016, and BS 8680:2020.
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To summarise, samples should be taken from the proximal and distal ends of each
water system with a number of sampling points in between (examples of sampling
points are provided in Table 1) ensuring that areas identified as ‘high risk’ both in
terms of supporting microorganism growth (for instance cooler parts of the hot water
system, warmer parts of the cold water system) and patient susceptibility (for
instance high risk units), are represented. Sample points should be noted in a
sampling plan to enable resampling and trend analysis. The number of samples that
should be taken depend on the number of outlets of the building, but in general this

number should be sufficient to represent the entire water system.

17. When should water samples from further back in the system be
taken?

Very limited evidence was found in relation to this research question. In total, only
one outbreak study was identified to be relevant.'* In accordance with SIGN50

methodology, this outbreak study was graded level 3 evidence.*

The lack of evidence is a limiting factor and makes it challenging to answer this
research question. Moreover, the outbreak study is specific to P. aeruginosa and

thus their findings and conclusions may not be generalisable to other organisms.

When positive tests reoccur after removal of organisms from an initial reservoir, for
example a tap, it could indicate a reservoir or source further down (distal) the
pipes.t* Negative pre-flush and positive post-flush samples could also indicate
contamination further back in the water system. In these situations, it might be

beneficial to take water samples further back in the system.

18. Who should water test results be reported to?

There is limited evidence to inform recommendations regarding the reporting of
water sample test results, especially who to report to. In total, seven pieces of
evidence were identified which includes three Scottish guidance documents,101. 121,
127 two British Standards!?® 135 and two English guidance documents.'?? 134 All seven
pieces of evidence were deemed to be expert opinions due to the lack of a rigorous
search and/or methodology in developing the guidance. In accordance with SIGN50
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methodology, these seven expert opinions were graded level 4 evidence. 101 121, 125,
127,129,134, 135 The small amount of evidence and lack of high quality evidence is a

limiting factor and makes it challenging to answer this research question.

UK code of practice recommend that test results need to be recorded (either written
or electronic) and reported in order to assist those interpreting the results (IPC Team

as discussed in “How should routine water test results be interpreted”).12% 129, 135

However, in these documents/guidance it is not mentioned who it should be reported
to. Scottish and English guidance on Legionella mention that the local WSG, which
includes the Authorised Person (water), an infection control doctor/nurse and
consultant medical microbiologist, must be informed and provided with copies of the
samples in writing when water test results come back positive.?” 134 The water
safety plan WSP includes pre-determined actions to mitigate risks including when
non-compliant results occur as outlined in SHTM 04-01 and BS 8680 and thus it
would be appropriate to document the procedure for reporting test results (including

who and how) in this plan.10%. 125

During commissioning, it is recommended by SHTM 04-01 that the contractor
supplies a full set of the water sample analysis to the site supervisor for approval
before the system is put into use.'?! The water sample analysis should be cascaded

by the site supervisor to other relevant stakeholders such as the WSG members.

19. How should routine water test results be interpreted?

In total, eight pieces of evidence were identified in relation to this research question
which includes three British Standards,*'® 125 135 three English guidance
documents, 119 129,131 gne guidance from the Republic of Ireland'?® and one guidance
published by the WHO.1°2 All eight pieces of evidence were deemed to be expert
opinions due to the lack of a rigorous search and/or methodology in developing the
guidance. In accordance with SIGN 50 methodology, these eight expert opinions

were graded level 4 evidence.102 118. 119,125,128, 129, 131, 135

As the growth and survival of organisms are dependent on a number of
non-microbiological environmental factors, results should be interpreted alongside
other quantifiable factors (known at the time of sampling) that relate to the water

system, that is water temperature, pH, residual disinfectant, water softeners, water
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turnover.1?> 135 These details should be recorded at the time of sampling to aide
interpretation of results and reviewed along with the system’s schematic diagram.1%%
125,135 |n this way, the current results can be interpreted with previous recorded
results to allow trends to be visible over time. Further to this, the HSE advises that
monitoring of hot and cold water systems where thermostatic mixer valves (TMVSs)
are fitted needs careful consideration to ensure that results are interpreted in the

context of the conditions in place at the time of sampling.?°

The British Standards Institution has recently updated their guidance on Legionella

sampling (BS 7592:2022) to only recommend pre-flush samples as part of routine

monitoring purposes.!8 Pre-flush samples taken with no at-tap disinfection or
adjustment of devices or inserts obtain a reflection of the water as it is used.8
Furthermore, when a sample of water is taken for analysis, results only reflect the
guality of the sampled water and not the whole body of water. Therefore there are
limitations in the conclusions that can be drawn from any single sample; multiple
samples are required to provide confidence in the interpretation of the condition of
the system as a whole.'3® This is particularly the case for microbiological samples

where contamination can be intermittent.13%

If contamination is detected in the pre-flush samples, differentiation between local
and systemic colonisation can be achieved by collecting post-flush samples and
comparing bacterial counts between pre-flush and post-flush samples.'18 128 When a
pre-flush sample is positive, but a post-flush sample is negative or has a significantly
lower bacterial count, this may indicate a local colonisation of an outlet and/or
associated pipework and fittings near to that outlet.118 128 pPositive post-flush samples

may be an indication that the whole water system is contaminated.1!® 128

The British Standards Institution mention that for TVC sampling, results in excess of
a 2 log difference above that found in incoming mains water may indicate that the

system has deteriorated.'1® BS 8554:2015 further states that a significant increase in

TVC counts could indicate failing disinfection and/or the establishment of biofilms
which could in turn lead to the colonisation by other previously suppressed

organisms.13°

Regarding Legionella spp. testing, there are challenges in interpreting results owing

to the recognised limitations associated with test methods (poor recovery of
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L. pneumophila due to for example residual disinfectant, heat treatment to repress
growth of other non-Legionella bacteria and addition of antibiotics to culture
medium).1%2 Consequently, the HSE advises that a negative result is no guarantee
that a system is free of Legionella spp.?° Additionally, no direct relationship has
been established between the number of Legionella bacteria detected in a water
system and the risk of infection, which further limits interpretation of results.%? The
HSE also advises that a positive Legionella test result may not always indicate a
failure of controls, as Legionella spp. are present in almost all natural water

sources.12?

English and UK guidance recommend that advice on the interpretation of results
should be sought from a microbiologist with experience of the healthcare
environment and that water test results should be interpreted by a competent
person.12% 131 |n practice, this would be the IPC team with input from the Infection
Control Manager, the Infection Prevention and Control Doctor and the Consultant
Microbiologist to ascertain there is microbiological knowledge, clinical expertise and
an understanding of the installed water system.

To summarise, microbiological results should be interpreted alongside other
guantifiable factors that are known at the time of sampling such as temperature and
residual disinfectant and these should be recorded to allow for trend analysis.
Differentiation between local and systematic colonisation can be achieved by
collecting post-flush samples when pre-flush samples test positive. If post-flush
samples test positive as well, it may indicate a systemic colonisation in the water
supply. If the post-flush samples have significantly lower bacterial counts, it may

indicate a local colonisation.

20. What are the water testing requirements following a positive
water test result (in the absence of clinical cases)?

In total, eight pieces of evidence were identified in relation to this research question
which includes two Scottish guidance documents, 0t 120 two guidance documents
published by the British Standards Institution,*'8 119 three English guidance
documents, 3% 131, 134 and one guidance document from Republic of Ireland.?® Al

eight pieces of evidence were deemed to be expert opinions due to the lack of a
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rigorous search and/or methodology in developing the guidance. In accordance with

SIGN 50 methodology, these eight expert opinions were graded level 4 evidence.'%%
118-120, 128, 131, 134

In general, re-sampling is typically carried out after any remedial actions, as an
assurance that said actions have been effective. The SHTM 04-01 part A
recommends that microbiological tests for bacteria colony counts at 37°C and
coliform bacteria, including Escherichia coli, should be carried out after disinfection
to establish that the work has been satisfactorily completed.?°

Where P. aeruginosa and/or coliforms are identified in individual sampling points,

PD 855468:2015 recommends that the sampling point should be cleaned externally,

flushed and re-sampled.'!? If non-compliant results persist, investigation and
subsequent remedial actions should follow. Regarding P. aeruginosa in augmented
care, the Department of Health, Health Technical Memorandum (HTM 04-01)
guidance mentions that following a positive pre-flush and remedial actions, re-testing
the outlet using pre- and post-flush sampling until three consecutive negative
samples is recommended at an interval of three days, two weeks and four weeks.3°
In non-high risk areas, English and Republic of Ireland guidance recommend to
resample when there is a low count of P. aeruginosa found (1-10 cfu in 200 ml) and
when the count is above 10 cfu/100 ml, remedial actions should take place and

resampling should be done after three weeks.128: 131

Specific to Legionella spp., guidance on testing requirements after a positive
Legionella test result depend on the level of cfullitre. If Legionella results are
between 100 and 1000 cfu/litre in the minority of samples, re-sampling should be
carried out.101. 128,131, 134 The reasons for this are not given. It could be to ensure that
the result is not a false-positive or to determine if the count has risen further while
the Legionella plates were being cultured which may affect the clinical risk. If
Legionella results are >1000 cfu/litre, guidance across the UK recommend that the
system should be re-sampled and remedial actions should take place.10% 128,131,134
Re-sampling should be undertaken following between two and seven days after
disinfection, and at frequent intervals thereafter until a satisfactory level of control

has been achieved.10!
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The updated guidance on Legionella sampling from British Standards Institution
recommends that initially only a pre-flush is necessary, but when the pre-flush
sample is positive, disinfected post-flush samples should be collected to determine
whether the contamination is local or systemic.''8 This has also been discussed

above in “How should routine water test results be interpreted?”.

In conclusion, the system/outlet should be resampled following a positive water test
result and, when remedial actions have taken place to ensure the actions have been
effective and thus the system is not contaminated anymore. When only a minority of
sampling points test positive and contain a low level of microbial counts, resampling
could ensure the results are true (that is no false-positives or false-negatives).
Resampling can also confirm the extent of microbial growth that has taken place
while awaiting initial results. To help determine if the contamination is local or

systemic, pre- and post-flush samples should be collected.

21. What actions (remedial and/or clinical) should be taken
following a positive water test result (in the absence of clinical
cases)?

In total, 10 pieces of evidence were identified in relation to this research question
which includes one Scottish guidance document,® two guidance documents
published by the British Standards Institution,*1® 126 four English guidance
documents, 129131, 134 gne guidance document from the Republic of Ireland'?® and two
international guidelines (WHO and CDC).%* 37 All 10 guidance documents were
deemed to be expert opinions and in accordance with SIGN 50 methodology, these

10 expert opinions were graded level 4 evidence.101. 119, 126,128-131, 134, 137

There are some limitations to the evidence as it is mainly low quality (all 10 are SIGN
level 4). The included guidance documents that were deemed expert opinion lack a
rigorous search and/or methodology while developing the guidance and often refer to
the same references/guidance. The CDC guidelines are mostly based on studies

published pre-2000 which is a limitation as it might not reflect current IPC practices.®*

There is limited guidance to inform remedial/clinical actions specifically in response
to water samples testing positive (or out with acceptable limits). All UK guidance

mention that disinfection should be considered, but that an immediate review of
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control measures and risk assessment should be carried out to identify any other
remedial action required.01 128,129,131, 134 These UK guidance documents do not
specify remedial actions that can be taken. The British Standard 8580-2:2022 states

that the WSG advises on the remedial actions required when water systems or
outlets are found to be contaminated.?® The WHO states in their guidance that the
entire distribution system, including water-using devices, point-of-use and end-of-
pipe devices will need to be flushed and possibly disinfected or decontaminated. 3’
They also mention that small point-of-use (POU) filters could harbour contamination

and may need replacing.®’

In general, remedial actions will be specific to the water system in question and will
depend on the level and location of contamination. As microbial growth and survival
are dependent on a number of environmental factors, remedial actions should be
determined based on consideration of the water test results in context with the water
system as a whole, for instance considering other control measures (for example
temperature control, pressure control, flushing) as well as chemical and potability
analysis results. The British Standards Institution briefly discusses remedial actions

in PD 855468:2018 and state that where system disinfection fails to remove

established biofilm, consideration should be given for continuous supplementary
dosing of disinfectants or removal of affected pipes and fittings for cleaning or
replacement.'? It also advises that where Legionella spp. have been identified

following disinfection, the system should be reassessed as defined in HSG 274 Part

2.12% Regarding clinical actions, the CDC recommends diagnostic Legionella testing
for all patients with health-care associated pneumonia when a water sample is found

to be Legionella culture-positive.%*

English guidance provides a list of engineering-based actions for when a routine
sample tests positive for P. aeruginosa or Legionella spp. in a high risk unit.*3° These
include checking for any system dead legs, ensuring appropriate materials have

been installed, and checking that connections to TMVs are appropriate.3°

In conclusion, remedial actions will be specific per water system and depend on the
contamination level and location. Guidance advises an immediate review of control

measures and risk assessment to identify remedial actions required.
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22. Is routine environmental testing for healthcare water system-
associated organisms recommended?

In total, five pieces of evidence were identified in relation to this research question
which includes one Scottish guidance document,*'¢ one guidance document
published by the British Standards Institution,?® two English guidance documents!3%
134 and one international guidelines (CDC).%* All five guidance documents were
deemed to be expert opinions and in accordance with SIGN 50 methodology, these

five expert opinions were graded level 4 evidence.%* 116, 126, 131, 134

There are some limitations to the evidence as it is low quality (all five are SIGN

level 4). The included guidance documents that were deemed expert opinion lack a
rigorous search and/or methodology while developing the guidance and often refer to
the same references/guidance. Moreover, the CDC guidelines are mostly based on
studies published pre-2000 which is a limitation as it might not reflect current IPC

practices.

Routine air sampling is recommended fortnightly for cardiac HCUs as this is a known
reservoir of healthcare water system-associated organisms dispersed in aerosols
which can indirectly infect patients undergoing cardiac surgery. For specific testing
requirements, see the NHSScotland Guidance for Decontamination and testing of
Cardiac Heater Cooler Units (HCUs).116

English guidance and the BS code of practice state that the frequency and sites for
routine environmental sampling of Legionella spp., P. aeruginosa and other
healthcare water system-associated organisms in healthcare facilities should be
based on a comprehensive risk assessment and should be part of an overall
management strategy.'?% 134 Guidance on risk assessments relevant to healthcare

water system-associated organisms can be found in BS 8580.195 126

Environmental sampling can be expensive and time-consuming and therefore the
CDC does not recommend routine environmental sampling except in the situations
where sampling is directed by epidemiological findings and results can be applied
directly to infection control decisions.®* English guidance advises that routine
sampling of environmental surfaces in healthcare environments is not usually
indicated, because regulations state that cleaning of the hospital environment is

essential and would prevent any type of surface contamination.*3! However, as
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demonstrated in the section “What are the causes/sources of environmental

contamination with healthcare water system-associated organisms?", environmental

reservoirs exist for these organisms and these are not routinely cleaned (examples
being sink and shower drains). In this regard, there is currently inconsistency
between extant guidance (currently no recommendation for environmental testing)
and the primary scientific literature. Outbreak studies demonstrate that healthcare
water fittings and fixtures can be environmental reservoirs for water system-
associated organisms and may persist as reservoirs if the contamination is not
eliminated. Regular testing of potential environmental sources of infection such as
sinks, drains, shower trays and toilet cisterns could provide very valuable information
in the event of a trigger breach, cluster or outbreak. This is discussed in the section

“What are the environmental testing requirements during a water-associated

incident/outbreak?”

23. Are there any specific actions required if an outlet tests positive
pre-flush but negative post-flush?

There is limited evidence available that specifically mention outlets that test positive
pre-flush but negative post-flush. Most guidance discusses lower or reduced
post-flush counts compared to pre-flush counts instead. Four pieces of evidence
were identified to inform the recommendations including two guidance documents
published by the British Standards Institution,*'8 119 one other English guidance
document,'3° and one guidance document from the Republic of Ireland.*?® All four
pieces of evidence were deemed to be expert opinions due to the lack of a rigorous
search and/or methodology in developing the guidance. 118 119,128,130 |n accordance
with SIGN 50 methodology, these four expert opinions were graded level 4
evidence.18 119,128,130 The small amount and low quality of evidence identified is a

limitation of the evidence base for this question.

As mentioned previously, the British Standards Institution recommends that when
pre-flush tests results are positive, disinfected post-flush samples should be
collected to determine whether the contamination is local or systemic.'!® Post-flush
samples that are negative or have low counts would indicate a local

contamination.20 It is therefore recommended that remedial measures should be
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directed towards the tap and associated pipework and fittings near to that outlet.'2®
130

The sampler needs to be aware of the possibility that the test can fail to detect the
organisms and/or contaminated water outlets can be missed. The results are
representing the taken samples and not the entire water system. When samples are
taken immediately after a disinfection process, false negative results might arise.1
119 Biocides can continue their action after sample collection and might result in
lower counts or false negative test results and therefore may not be truly
representative of the safety of the system at the time of sampling.*® To prevent this,
extant guidance advises that in systems where biocides are present, sterile bottles
containing suitable neutralizers should be used to stop the action of the biocide at

the time of collection.18

24. Are there any recommended methods for the removal of
healthcare water system contamination?

In total, 48 pieces of evidence were included to answer this research question which
includes 41 outbreak studies,7' 8, 12-16, 18, 20, 21, 25, 26, 28-42, 44-46, 49, 50, 54, 56, 57, 62-64, 66, 78, 86
two case reports,®? 192 two intervention studies,*® °! two guidance documents,*28 139
and one international guideline.® The 41 outbreak studies, two case reports and two
intervention studies were graded SIGN50 level 3. Three guidance documents (SHTM
04-01 Part D*3°, HPSC IPC water guidelines??® and CDC guidelines®*) were graded
as SIGN50 level 4 expert opinion due to a lack of systematic supporting evidence.

This research question is not concerned with the routine management of healthcare
water systems to maintain safe water however it is acknowledged that in response to
an infection incident or outbreak, efforts may focus on improvements to routine
management (for example where noncompliance or failure of routine processes has
been identified). Water and environmental sampling in response to an infection
incident or outbreak may indicate both that contamination is present and inform the
disinfection approach taken. For further details see research questions 31 ‘What are

the water testing requirements during a water-associated incident/outbreak?’ and 32.

‘What are the environmental testing requirements when investigating healthcare

water system-associated incidents/outbreaks?’.
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Aside from two intervention studies®® °* most of the evidence sources for this
research question consisted of outbreak studies (n=41) where more than one
method of removal was implemented often at the same time (or as a result of the first
attempt having failed), and removal methods implemented at the same time as other
IPC remedial measures. Publication bias is also a concern. Consequently, this body
of evidence was unable to determine a superior method(s) for removing
microorganisms from environmental sources. A summary of this evidence base is

provided below.

Thirty-seven studies (all SIGN level 3) describe physical removal of sinks, pipes,
taps and associated fittings.7v 8, 12, 14-16, 18, 20, 21, 25, 26, 28, 30-34, 36-42, 44, 46, 49, 50, 54, 56, 57, 63,
64, 78,91, 92,103 Tgp replacement was described in 13 studies;15 16: 25 30, 44,49, 55, 64, 78, 91,
92,103 four of these detailed installation of taps or drains with inbuilt disinfection
systems or taps that could be easily dismantled for disinfection.6: 55 64.91 Sensor
taps were replaced with conventional mixer taps in 3 studies? 44 92 Sink replacement
was described in eight studies although detail as to specific sink model and design
was limited.14 18 38-40,50, 56, 63 Replacement and/or redesign of drains was described
in eight studies.? 2021, 28,32, 41, 42,46 Fegtyres included lockable P-traps and shut-off
valves; in an outbreak of P. aeruginosa, P-traps were changed at patient discharge
whenever a patient stay exceeded 1 week.?® Modifications to shower and/or shower
drainage was described in three studies.?® 54 57 Six studies described multiple
engineering modifications to the plumbing system.”: 8 26,33, 36,63 Tyg studies
mentioned replacement of aerators®! 34 and one study detailed installation of rimless
toilet bowls in response to a CPE outbreak.3’” There was no trend observed with
regards to the type of microorganism involved and the method of removal attempted
across the studies.

Twenty-nine studies (all SIGN level 3) describe chemical disinfection either of the
outlet(s) or the water system itself. Hyperchlorination of the water system was
described in 8 studies.? 1232, 34,49,54,92,103 Three of these were related to Legionella
spp. contamination.® 92 193 Three were in relation to P. aeruginosa.? 3+ 54 One study
described an outbreak of ESBL Enterobacter cloacae where chlorination of the water
supply was carried out.*® One study described heat treatment alongside chlorination
of the main water tank and terminal points, in an attempt to reduce transmission of

S. marcescens.? The concentration and frequency of hyperchlorination varied
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across these studies. Silver nitrate disinfection of the water system was part of the

response to an outbreak of P. aeruginosa.*

Whole system water disinfection may be carried out in addition to local (distal) outlet
disinfection when contamination is identified throughout a water system (not just
isolated to the outlet).3% 34 44 For example, hyperchlorination of the entire water
system was carried out when both tap water and environmental swabs of taps and
drains were positive with P. aeruginosa.®* Hyperchlorination was also carried out
prior to the sampling results, then repeated once results were available. The
outbreak was considered over when both water and swab samples were negative.
Similarly, hyperchlorination was carried out following identification of both water and
environmental contamination in response to a P. aeruginosa NICU outbreak.%?
Although the hyperchlorination was associated with negative post-flush

P. aeruginosa samples, pre-flush tap water samples remained positive, indicating an
ongoing contamination issue at the outlet. In another outbreak study,
hyperchlorination was implemented after P. aeruginosa continued to be present at
outlets following outlet-focused control measures (in this case replacement of
shower heads).>* This coincided with installation of POU filters therefore it was not
possible to determine the impact of the hyperchlorination in isolation. In some
outbreak studies, it is not clear why whole system disinfection was implemented as
specific details of the water sampling protocol are not provided.*® It may be as a
precautionary measure when the extent of the system contamination is unknown.
However, whole system water disinfection is not designed to resolve biofilm
accumulation, therefore is unlikely to have any impact where biofilms may be present

in drains.12 49

Twenty-one studies described chemical disinfection of outlets and associated
plumbing. This included drains in 13 studies, using various methods (pouring
disinfectants down drains, steam cleaning, physical scrubbing).13-15 18, 21,26, 28, 29, 41, 42,
45,46, 62 |In response to an outbreak of A. baumannii in an ICU, all sinks were filled
with sodium hypochlorite and sink plugs pulled simultaneously to synchronise the
drain flushing to occur at the same time; this was carried out daily for seven days
and then weekly thereafter.® Before the bleaching intervention, 18 patients over

10 months were infected or colonised with A. baumannii. After the intervention, this
decreased to 19 patients over 28 months, a statistically significant decrease
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(P < 0.01). The bleaching protocol was initiated after both sink autoclaving and sink
replacement failed to prevent ongoing drain colonisation. In an K. oxytoca outbreak,
a drain flushing protocol using biguanide 1.6% (a quaternary ammonium compound)
was initiated on a weekly basis and left to sit for 30 minutes (by closing valves),
followed by running hot water (70°C) for 5 minutes.*! This (plus the initial complete
replacement of the entire drainage system) was associated with negative
environmental samples and no further patient cases of K. oxytoca in the following

6 months. Bleach (undisclosed concentration) was poured into drains in an attempt
to remove an environmental reservoir of P. aeruginosa in a burns unit.* Combined
with other remedial measures (including active environmental surveillance), this was
associated with a decreased incidence of P. aeruginosa recovered from clinical
samples from 44.7 per 1000 admissions in 2011 to 35.6 in 2012. Acetic acid (24%)
was poured weekly into sink drains and left for 30 minutes before flushing in an
attempt to remove environmental reservoirs of P. aeruginosa.'* This was instituted
as a temporary measure whilst awaiting sink replacement but became a routine
measure every three months after sinks became recolonised after replacement.
Pipework further downstream from the sinks was found to be colonised. Follow up at

21 months with routine environmental sampling showed sinks remained negative.

Drain disinfection proved unsuccessful in an outbreak of K. pneumoniae in an ICU,
where drains were vaporised with a steam cleaner, followed by pouring a
combination of 0.1% sodium hypochlorite, 0.1% sodium hydroxide, and 0.1%
C12-C16 alkyl-dimethyl amine oxide into drains.*? Sink drains remained colonised
when tested two months later and the drains were eventually replaced. Attempts to
remove biofilm by physically cleaning deep drains (which required hospital plumbers
to remove screwed down sink traps) and chemical cleaning with a chlorine-based
product was unsuccessful at removing the environmental CPE reservoir in a burns
unit.?® The drain cleaning was paired with pre-and post-environmental screening.
Thrice daily disinfection of sink drains using accelerated hydrogen peroxide was
associated with a decreased number of infections but failed to eradicate

ESBL-producing K. oxytoca from an ICU.*® Drains were eventually replaced.

Similar chemical disinfection measures were described for contaminated taps.21: 46 86
Twice monthly chlorine disinfection (aqueous solution (4.5%)) of sodium hypochlorite

injected into taps with a 60mL syringe for 15 minutes was associated with a
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decrease in the positivity rate of tap water.8¢ P. aeruginosa was found in 34 out of
180 (18.8%) samples before and in 22 of 288 (7.6%) after tap disinfection was
implemented (P < 0.01).

Ten of the 45 studies described some form of heat treatment. This included whole
system heat treatment in 3 studies.'? 92 193 Two of these described infection
incidents with Legionella spp., where heat treatment (reheating water to 58°C, and
maintaining hot water at 70°C) was combined with hyperchlorination.®2 193 Main
water tanks were heat treated (and hyperchlorinated) in response to an outbreak of
S. marcesens.? Two studies described localised heat treatments facilitated through
flushing (flushing with 70°C hot water for five minutes following water system
disinfection;*! flushing with 90°C hot water for five minutes at high pressure!4).
Pressurised steam was used to disinfect grates and drains at 170°C in an attempt to
eliminate CRE.®? Thermal disinfection, or pasteurisation, of taps was described in
three studies;3> 64 °1 specific methods included thermal disinfection of removable
taps,®! installation of self-heating taps,%* and heating taps in situ.®® Two of these
studies were intervention studies, the first in a UK ICU, involving installation of
detachable taps that could be decontaminated in a benchtop washer-disinfector.%?
Counts of P. aeruginosa at the tap were compared with control taps. A negative
binomial regression model showed that P. aeruginosa counts from the test taps were
significantly lower (P < 2 x 10-16) than those of control taps. The second intervention
study took place in a Dutch ICU and involved installation of disinfection devices in
sink drains that apply repeated heating (to at least 85°C) and electromechanical
vibration, designed to prevent biofilm formation.%® Colonisation in the drain with MDR
P. aeruginosa decreased to 5.1% (P < 0.001) from 51.2%. The number of positive
cultures from patients significantly decreased from 4.8 per 1000 patient-days in the
pre-intervention period to 2.1 per 1000 days in the first intervention period

(P < 0.001).

Six of the 45 studies used all three methods (physical removal, chemical disinfection,
and heat treatment)!2 14, 41, 64,92, 103 gnd the organisms included Legionella spp.,% 103
K. oxytoca,*! P. aeruginosa,'* S. marcescens,*? and ESBLs (C. freundii,

R. planticola, E. cloacae).®* Both the Legionella spp. incidents were single patient

cases, the other studies described outbreaks (multiple patients).
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Installation of point of use (POU) filters was described in nine studies alongside other
disinfection methods.”: 8 1628, 32,34, 45,54, 92 However it must be noted that POU filters
do not remove microbial contamination, they only prevent microorganisms from

leaving the tap.

Three guidance documents were included which are discussed below.%* 128139 The
guidance documents that were graded SIGN50 level 4 expert opinion lack a rigorous
search and/or methodology for developing the guidance. Moreover, the CDC
guidelines are mostly based on studies published pre-2000 and thus might not reflect

current IPC practices.

Guidelines published by CDC (graded SIGN50 level 4) states that ‘the principal
approaches to disinfection of potable systems are heat flushing using temperatures
160°F-170°F (71°-77°C), hyperchlorination, and physical cleaning of hot-water
tanks.” CDC advises that potable water systems are easily recolonised and may
require continuous intervention, which many of the included outbreak studies for this

research question demonstrated.

Expert opinion guidance on the disinfection of domestic water systems for the control
of Legionella spp. (graded SIGN50 level 4) published by HFS (04-01 Part D) advises
that ‘when considering the most suitable method of disinfection for a healthcare
facility a number of parameters have to be taken into consideration, factors to be
considered include the condition of estate, the health of the occupants, the quality of
the public water supply, finance, and the availability of resources to implement a
particular regime’.13° Disinfection methods that are covered include heat and flush,
continuous chlorination, chlorine dioxide, ultraviolet light, copper silver ionisation,
silver catalysed hydrogen peroxide, and ozone and chloramines. This guidance is
mainly focused on routine disinfection but does indicate where specific methods may

be suitable for emergency response (for outbreaks).

Expert opinion guidance (graded SIGN50 level 4) published by the Republic of
Ireland HPSC describes ‘systemic continuous disinfection’ (temperature control,
chlorine dioxide, monochloramines, copper-silver ionisation, electrochemically
activated water), ‘systematic intermittent disinfection’ (superheat and flush, shock
hyperchlorination, shock chlorine dioxide, silver catalysed hydrogen peroxide) and

‘focal continuous disinfection’ (ultraviolet light, ozone) methods.?® Focal disinfection
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is described as only involving a portion of the water distribution system, ‘acting at the
point of application with no residual effect’. Systemic intermittent methods are
advised during or following an outbreak of Legionnaires’ disease or other waterborne

microorganisms.

In summary, extant guidance is mainly focused on routine disinfection of water
systems for the control of Legionella. There is limited information in guidance on
emergency disinfection in response to outbreaks involving microorganisms other
than Legionella spp., and on disinfection of distal outlets and drains. When
considering the most suitable method of water system disinfection, the advantages
and disadvantages should be considered — limited guidance is provided in the
Scottish Health Technical Memorandum (SHTM) 04-01 part D ‘Disinfection of

Domestic Water Systems’.13° In addition to heat and chemical treatment of water

systems, physical cleaning may be required to help eliminate built-up of scale and
sediment that can protect microorganisms from the biocidal effects of disinfection
systems. For emergency disinfection of outlets in response to infection incidents and
outbreaks, published outbreak literature was unable to demonstrate a superior or
universal disinfection method (or bundle of methods). This is in part due to the
limitations of the evidence base, as most outbreak studies fail to appropriately
evaluate whether interventions were successful. It must also be acknowledged that
disinfection methods work at their optimal performance within different parameters,
and this variation in parameters is high across the different healthcare settings

described in the literature.

25. What flushing regimes are recommended for healthcare
settings?

In total, eight pieces of evidence were identified in relation to this research question
which includes two Scottish guidance documents,0 140 two guidance documents
published by the British Standards Institution,1? 126,129, 141 o other English
guidance documents,19. 126. 129,141 gne guidance document from the Republic of
Ireland,'?8 and one environmental surveillance study.'4? All included guidance
documents were deemed to be expert opinions and in accordance with SIGN50

methodology, these seven expert opinions were graded level 4 evidence.10% 119, 126,
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128,129,140, 141 The environmental surveillance study was graded level 3 evidence
using the SIGN50 methodology.14?

The main limitation of the evidence base included in this section is the low quality of
evidence. The included guidance documents that were deemed expert opinion lack a
rigorous search and/or methodology while developing the guidance, often refer to the
same references and guidance or do not elaborate on their conclusions and provide

no indication of a regular schedule of guidance update.

Flushing of outlets is undertaken to control the temperature and maintain a flow of
water to reduce the risk of microbial growth. Gavalda et al performed an eight-year
longitudinal study looking at the importance of flushing among other things to control
Legionella spp. colonisation of the healthcare water system.4? This study showed
that daily-used taps in facilities with a horizontal design (lowest floor of the studied
Spanish healthcare hospital) were significantly (p=0.009) less colonised with

Legionella spp. compared to taps that were not used daily.14?

There is consensus in Scottish, English and Republic of Ireland guidance that in
augmented care, all outlets that are not used frequently (for instance multiple times
per day) should be flushed at least daily and a record should be kept of when they
were flushed.126. 128,140, 141 The English Health Technical Memorandum Part C,
Republic of Ireland and Scottish guidance all recommend that flushing should be for
a period of one minute, first thing in the morning.1?8 14! Scottish guidance adds that
this should be at the maximum flow rate that does not give rise to any splashing

beyond the basin to avoid wider contamination.14°

UK guidance recommends to have a twice-weekly flushing regime in healthcare
facilities outside of augmented care settings.'% 129 Republic of Ireland guidelines
mention a weekly flushing regime as a minimum and acknowledge that there may be
significant variances in each healthcare facility with types of taps and showers, water
pressure and contamination levels and thus recommend to perform a local risk
assessment.1?8 If outlets are used less than weekly, removal of the outlet could be

considered.10?

In terms of the length of flushing, English guidance mention flushing for several
minutes, whereas Republic of Ireland guidance mention flushing for three

minutes.1?8 129 Scottish guidance specifically mention twice-weekly flushing of WC
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cisterns and opening of all outlets for three minutes in a scenario when wards or
departments are temporarily closed, but add that regular flushing applies to all
sporadically used outlets.1% Republic of Ireland guidelines specify that the cold and
hot water outlets need to be run separately and the timing should start once the

temperature is comparable with the supply.1?®

Finally, it is worth noting that if the outlet is fitted with a POU filter, the filter should
not be removed in order to flush the tap unless the manufacturer’s instructions

advise otherwise.141

In conclusion, there is consensus that daily flushing for one minute in high-risk
settings is required. Different frequencies and lengths outwith high-risk settings are
mentioned in the included guidance documents, varying between weekly and twice-
weekly for several minutes to three minutes. Performing a risk assessment would be

valuable, taking into account the local water pressure and flow rate.

26. Who should be responsible for flushing?

A limited amount of evidence is available in relation to this research question. In
total, four pieces of evidence were identified which includes two Scottish guidance
documents, 01 140 gne British Standard!?® and one guidance document from the
Republic of Ireland.*?® All included guidance documents were deemed to be expert
opinions and in accordance with SIGN 50 methodology, were graded level 4
evidence.'01. 126,128, 140 Regarding the flushing responsibilities within Scottish health
and care settings, it is appropriate to only include Scottish and UK guidance

documents and thus not having wider evidence is not a limitation.

Republic of Ireland advises that the Senior Charge Nurse or Clinical Lead
responsible for the area must ensure that flushing is being performed as specified.?8

To ensure this task is carried out regularly, the British Standard 8580-2:2022

mentions that flushing could be incorporated into the local cleaning schedule

together with the training of all relevant staff.126

The WSG should have oversight and provide an assurance to the NHS board on

compliance with requirements including flushing.10% 140
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27. What actions can be undertaken to reduce the risk of
infection/colonisation associated with direct water usage?

In total, 34 pieces of evidence were identified in relation to this research question.
The evidence base on this subject consists of 19 outbreak studies,? 30 31, 34,37, 39, 44,
45, 50, 51, 58, 60, 62, 64, 75, 110, 143-146 four Scottish guidance documents,mlv 120, 147, 148 four
other guidance documents??8 141,149,150 three before and after studies,® 151 152 two
letters to editor (expert opinion),*>2 one British Standard,*?® and one international
guideline.®* Nine guidance documents are assessed as expert opinion.%4 101, 120, 128,
141,147-150 According to the SIGN50 methodology, 22 were graded level 3 evidence
(19 outbreak StUdiesg' 30, 31, 34, 37, 39, 45, 50, 51, 58, 60, 62, 64, 110, 143, 144, 146and three before
and after studies®® 151.152) and 12 were graded level 4 evidence (11 expert

opinions#4 94, 101, 120, 128, 141, 147-150, 153 gnd the British Standard?!?®).

There are some limitations to the evidence that is included in this research question.
The evidence is mainly low quality (all 34 studies are either SIGN50 level 3 or

level 4) and the guidance documents that were deemed expert opinion lack a
rigorous evidence base and/or methodology while developing the guidance and often
refer to the same references/guidance. Moreover, the CDC guidelines are mostly
based on studies published pre-2000 which is a limitation as it might not reflect
current IPC practices.® Since not all outbreaks/infection incidents are published in
scientific journals and numerous of the studies included here (19 out of 34) are

outbreak studies, there is a risk of publication bias.

In order to reduce the risk of infection/colonisation associated with direct water
usage, actions are focused on a) reducing the risk of contamination at the source
and b) breaking the chain of transmission from source to patient. Direct water usage
refers to uses such as bathing, oral care and drinking, whereby transmission occurs
through contact and inhalation of droplets and mists. The available evidence has
been summarised in different categories below covering education, sink use and
design (for example preventing splash risk), engineering controls (for example use of
rimless toilet bowls and removal of unused outlets), POU filters, hand hygiene (for
example use of hand rub), patient exposure to tap water (for example use of sterile
water for high-risk patient care), water-free care/removal of outlets, and

environmental cleaning.
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Education

Republic of Ireland guidance recommends that health and care staff should be
trained to be aware of the potential risk of HAI from water sources and water
outlets.1?® Patients also need to be informed of the risks related to healthcare water
systems, and the below relevant actions they (and their care takers) can take to
reduce the risk. In response to a case of Mycobacterium mucogenicum in a bone
marrow transplant patient, staff and patients were educated on safe showering and
changes were made to ensure that shower heads were left hanging straight without
loops to reduce build of up stagnant water inside the shower hose.? In practice, it
may not be possible to avoid looped shower hoses as Scottish technical guidance
advises that shower heads must not be capable of being accidentally immersed in

water, come into contact with drains or other potential sources of contamination.2°

Appropriate sink use

Three studies identified inappropriate use of clinical wash hand sinks as a risk factor
for source contamination; notably none of these studies describe actions following
the outbreak events to improve good practice around sink use.5% 62. 143 Sinks in
patient rooms of a Korean ICU were identified as a reservoir for
carbapenemase-producing Enterobacterales (CPE); dialysis solution and
patient/caregiver drinks were being emptied into handwashing sinks and may have
acted as a nutritional source for biofilm.®° This study did not detail any actions to
reduce inappropriate sink use. Kotsanas et al. also identified poor clinical hand sink
practice during an investigation into a CPE outbreak on an Australian ICU - residual
antibiotics and clinical waste were being disposed of into hand wash sinks creating a
suitable environment for biofilm growth.%? The exact transmission route was not
identified however it was hypothesised that contaminated healthcare worker hands
may have transmitted infection during direct patient care for example maintenance of
central venous catheters. Again, attempts to reduce inappropriate sink use were not
detailed in this outbreak study. In another two studies, poor sink practice was also
identified as a possible contributor to transmission (for example disposal of patient
waste water, nasogastric tube waste, oral medications and/or body fluids).%0: 143
Republic of Ireland guidance advises that clinical wash hand sinks should be

dedicated for the purposes of hand washing only, and that alternative sinks and
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sluices should be used for other purposes.'?® Garvey et al. advises disposal of
patient waste water directly into the sluice or macerator after using absorbent gel
sheets.®* HTM 04-01 Part C also advises that clinical wash hand sinks should be
used solely for hand washing, and that the spout should not be touched when

washing hands.14!

Sink design

Poor sink design has been identified as a risk factor for contamination in a number of
studies.®® %8 62 There is a lack of information in the literature detailing the most
effective sink design to reduce contamination and splash risk however it is evident
that sinks should not be designed such that water from the tap directly hits the drain
hole. A combination of poor sink design causing severe splashing around the sink,
and poor practice of staff using towels to prevent overflow, contributed to an
outbreak of Acinetobacter baumannii in a paediatric ICU in Korea.?® Further, sink
basins should be deep enough to allow hand hygiene to be performed without
making contact with the basin or taps.3® In a French outbreak study, taps were found
to be too close to the sink collar making it challenging to wash hands without
touching the taps while also having a risk of splashback and this likely contributed to
cross contamination.®® In an Australian outbreak study, the sink design created
splashing from the drain which likely contaminated surrounding surfaces; the sink

design was not compliant with Australian regulations.52

The British Standard (BS) 8580-2:2022 Part 2: Risk assessments for Pseudomonas
aeruginosa and other waterborne pathogens - Code of practice, advises that liquid
soap dispensers should not be placed directly above the sink as it can lead to soap

drips on the sink surfaces that may support bacterial growth.126

Engineering controls

Sink design is just one example of how infection risk could be designed out of
healthcare settings. Further engineering measures to reduce risk associated with
direct water usage include regular replacement of tap parts. This was implemented
after a pseudo-outbreak of Mycobacterium chimaera, where biofilms were detected
on flow straighteners of handwashing sinks in patient rooms.3* HTM 04-01 Part C
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advises that flow straighteners should be avoided altogether, as they can present a

surface area for colonisation of microorganisms.4:

Two studies describe replacement of taps in response to outbreaks. Replacing taps
was found to coincide with a decrease in the acquisition of P. aeruginosa on an ICU,;
however holistic measures were implemented at the same time (new tap cleaning
protocol, and improved waste water management).®* Wolf et al. also implemented
tap replacement in response to patient colonisation with ESBLs found in the sink;
siphons from sinks in the ICU including hand wash sinks were replaced with self-
disinfecting siphons, samples taken for the eight months following installation were
all negative.®* The authors state hand wash sinks were also used to discard patient
waste water and to rinse medical instrumentation prior to decontamination — it is not
clear whether there was a change to this practice following the outbreak. There was
no evidence identified in the literature to support a schedule of regular tap

replacement outwith outbreak management.

Remodelling of sanitary and water supply systems such as installing newly designed
shower drains with covers and replacing standard toilet bowls with rimless bowls was
highlighted as a control measure in a German outbreak study.>! Rimless toilet bowls
were also used as a measure in a CPE outbreak study; whilst a direct link from the
toilets to patients could not be confirmed, the rimless bowls facilitated easier
cleaning and therefore reduced the risk of a reservoir within the toilet.3” Both UK
Health Building Note 00-10 and Scottish Health Technical Memorandum 64 advise

that hospital toilets should be rimless.'#8 14° HBN 00-10 states that toilet seats

should not have a cover however if covers are to be considered, consultation should
take place with the infection control team at the planning stage; toilet covers are
typically not recommended for independent wheelchair and assisted toilets, as they
prevent the use of the backrest.2*® There is no clear consensus in literature regarding
aerosolisation/splash risk from flushed toilets and whether covers should be installed
as standard; further research is required in this area. Practical issues for
consideration include the need for regular cleaning/decontamination of toilet covers
and associated parts (for example hinges). There may also be a requirement for

anti-ligature fixtures and fittings.154
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Engineering controls to reduce the risk of contamination of water systems and thus
subsequent onward transmission are covered in more detail in technical guidance
published by Health Facilities Scotland.*?°

Point-of-use filters

Point-of-use (POU) filters are frequently installed during outbreak management as a

short-term control measure (see “Should point-of-use (POU) filters be fitted in

response to water-associated incidents/outbreaks?”). However, they are sometimes

used as a long-term solution to reduce transmission risk, outside of outbreaks.
Kinsey et al. installed POU filters to reduce the risk of transmission from
contaminated tap water. In their NNU outbreak, patients had higher odds of having
received care in a room with no POU filters installed on the sink tap during the seven
days before positive P. aeruginosa culture (eOR, 37.55; 95% ClI, 7.16—=).34

All 31 case patients were in rooms without POU filters during the seven days before
positive P. aeruginosa culture, compared with 14 (45%) control patients. Further,
HTM 04-01 part C advises that unless water testing has shown absence of

P. aeruginosa in augmented care units, water (and ice) should either be sterile or
should be supplied through a POU filter which suggests long-term use of POU filters

for certain water uses.14!

Hand hygiene

Use of hand rub after hand washing has been implemented during outbreaks.34 44 [f
there are ongoing concerns around water safety it could be used as a long-term
approach to reducing risk of transmission from tap water. However, hand washing
rather than hand rub is required for outbreaks/incidents of spore-forming infectious
agents (for example Clostridioides difficile) and gastrointestinal (Gl) viruses (for
example norovirus) therefore a full switch to hand rub should be assessed on a

case-by-case basis, taking into consideration this additional risk.

Minimise patient exposure to tap water

Avoidance of tap water is frequently employed as a control measure during infection
incidents until the contamination and/or transmission route can be removed. There is
less evidence to inform tap water avoidance for prevention of infection

incidents/outbreaks. There is inconsistency in current guidance regarding the use of
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tap water for specific patient groups. Republic of Ireland guidance advises that tap
water may be used for washing adult and paediatric augmented care patients,
provided there are no current incidents suggesting water system contamination.*?®
HTM 04-01 Part C advises that only sterile water or water supplied through a point of
use filter should be used for augmented care patients, unless the water has been
shown to be free of P. aeruginosa.**! The CDC advises that tap water should be
avoided for immunocompromised patients but this is specific to Legionella spp.
only.% For neonatal units, HPSC Ireland advise that sterile water or saline should be
used for washing non-intact or fragile skin of neonates, including nappy changes.
Tap water can be used for bathing other high risk infants with intact skin and that do

not require placement in a humidified incubator.28

Republic of Ireland guidance advises that if a powdered infant formula feed is
required, it should be prepared using boiled potable water in accordance with
manufacturer’s instructions.'?® There is consensus in UK and Republic of Ireland
guidance that tap water should not be used in neonatal units for the process of
defrosting frozen breast milk.128 141 Frozen breast milk may be defrosted using a
warming device, defrosted in a fridge, or defrosted at room temperature and any
excess discarded. Milk must never be warmed by placing the container in tap water,

unless the water has first been boiled.1?8

HTM 04-01 part C further advises that single use cleaning wipes should be

considered for patient hygiene on augmented care units; the guidance also advises
that use of water for wet shaving and washing of patients should be reconsidered but
there are no details provided for alternatives.**! The use of cleaning wipes is not
without risk; factory-level contamination with P. aeruginosa was responsible for more

than 300 patient cases country-wide in Norway in 2022.144

In response to a case of Mycobacterium mucogenicum in a bone marrow transplant
patient, staff and patients were educated on safe showering to reduce CVC
contamination (disconnecting IV catheters prior to bathing, covering connections with

waterproof materials).3

In an US outbreak study, the ice machine was found to be the likely source for
colonisation of 40 patients at a HIV ward.’® There is inconsistency in UK and

Republic of Ireland guidance about the use of ice making machines in high-risk
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units.1?8 41 |In two outbreak studies, ice used for treatment purposes
(bronchoalveolar lavage, bronchoscopy) was linked to pseudo-outbreaks in
immunocompromised patients.4> 146 Where ice is needed for treatment purposes,

HTM 04-01 Part C advises it should be made using water obtained through a

microbiological POU filter or boiling water in sterile ice trays or ice bags.'4!

HBN 00-09 ‘Infection Control in the Built Environment’ advises that ice for
consumption by immunocompromised patients should be made by putting drinking
water into single-use ice-making bags and into a conventional freezer.'*° Republic of
Ireland HPSC guidance advises that an automatic dispenser should be used and the

use of open chest freezer storage compartments should be avoided.?2

Water-free care/removal of outlets

Complete unit-wide avoidance of tap water for patient care combined with or without
removal of sinks as a preventative measure has been documented in three
studies.'0 151, 152 Hopman et al. introduced ‘water-free’ patient care in a Dutch ICU in
response to an outbreak of extended-spectrum -lactamase (ESBL)-producing
Enterobacter cloacae.®? All patient care related activities that take place in the
patient room and that would normally involve the use of tap water were adapted to a
‘water-free’ alternative. Sinks were removed from patient rooms and hand washing
was replaced with wipes followed by hand rub. Hair was washed with a rinse-free
shampoo cap, bathing was carried out with moistened disposable wash gloves.
Dental care and medicine preparation used bottled water. The overall gram-negative
bacteria (GNB) colonisation rate significantly dropped from 26.3 to 21.6 GNB/1000
ICU admission days (colonisation rate ratio 0.82; 95% CI 0.67—-0.99; P = 0.02). This
effect was more pronounced in patients with a longer length of stay. The ICUs had to
purchase mobile handwash sinks to use in the event of a C. difficile outbreak,
acknowledging the low efficacy of hand rub against spore-forming bacteria. In an
American hospital, strict tap water avoidance where sinks remained in place across
4 |CUs was associated with a significant decrease in respiratory acquisition of
NTM.5! The prevalence of positive environmental biofilm cultures for NTM was not
significantly different over the study period, which provides support for the observed
decrease in clinical acquisition being as a direct result of the intervention. Sterile
water was used instead of tap water for routine care activities such as oral care,

rinsing of suction catheters, and enteral tube irrigation. Patients were restricted from
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showering; bathing was performed with waterless bath products or sterile water. Ice
use was avoided and not provided for consumption or patient care activities.

A similar intervention was implemented in an attempt to control an Enterobacterales
outbreak in an Australian NICU; initially six of the eight sinks in the unit were
decommissioned and all bathing was replaced with sterile water or disposable wipes,
and handwashing replaced with hand rub.*° Prior to the outbreak, sinks were used
for hand hygiene and to fill and empty baths for washing the less unwell infants.
These interventions coincided with a decrease in cases of gram-negative
colonisations/infections which was sustained. Following this, all sinks were removed
(only unit entry and exit sinks remained), and the unit continues to have a minimal

water use strategy in place (correspondence with author). HTM 04-01 part C

recommends the permanent removal of existing outlets (for example showers and
sinks) in settings where they are not being used.'#! Scottish guidance recommends
that the most effective management of showers will be achieved by the removal of
unnecessary ones; no further detail is provided regarding removal of other outlet
types.1%tIn a letter to the editor, an audit of shower utilisation across four wards
(general medical ward, mixed medical speciality ward, mixed general acute ward,
rehab ward) within two Scottish hospitals demonstrated an average daily non-use of
showers of 86%.1°2 The letter does not state the percentage of showers that were
unused, but does indicate that the requirement for showers is low in these ward
types. The authors argue for a move away from ensuite provision in all rooms, to
provision of pre-determined shower facilities per ward (located out with patient
rooms) in a bid to reduce the risk of plumbing system contamination and its

associated burdens.

Further research, for example a pilot study of water-free (or reduced water) care in a
Scottish setting, would be beneficial. Considerations for water-free care include the
potential unintended harms resulting from disposal of wipes (for example blocked
drains), use of mobile hand wash sinks, risk of infection from extrinsically
contaminated water-free patient hygiene products, as well as consideration of patient

dignity and comfort associated with water-free practices.
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Environmental cleaning

HPSC Ireland advise that clinical wash hand sinks should be routinely cleaned in a
manner that minimises the risk of contamination of the tap from organisms in the

basin trap/drain.'?8 HTM 04-01 Part C also advises this, stating that cleaning staff

should be adequately trained to be aware of infection risks related to improper

cleaning.'*! As identified in “What are the causes/sources of environmental

contamination with healthcare water system-associated organisms?” transmission

can occur due to splashing from contaminated outlets therefore patient care
equipment and patient care items should not be stored on or near sinks or other
outlets. Kotsanas et al. highlighted improper sink drain cleaning whereby the same
brush had been used to clean all the sink drains on the ICU, without disinfecting the
brush between drains — this can facilitate spread and seeding of drains across a
ward.®? In another outbreak study, it was found that contamination of surface
cleaning equipment (for example cloths, mops and cleaning solutions) contributed to

an outbreak of P. aeruginosa.*® The NHS Scotland National Cleaning Specification

provides instructions for cleaning sinks, wash hand basins and baths; it advises that
new clean disposable cloths are used for separately cleaning the tap and the basin,
however there are no instructions for cleaning taps fitted with POU filters.*4” The

Cleaning Specification does not provide any information for cleaning staff regarding

the risk of cross-contamination associated with cleaning.

This review identified the need to develop an effective method for drain
decontamination for elimination of biofilm. Methods to disinfect drains such as
pouring disinfectants down the drain, applying steam, or replacement of sink
plumbing have had very limited success in eliminating biofilm from outlets.®?

Decontamination of contaminated outlets is covered in “Are there any recommended

methods for the removal of healthcare water system contamination?”.

There is existing guidance in place to reduce the risk of contamination associated

with dental unit waterlines.
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28. What actions can be undertaken to reduce the risk of
infection/colonisation associated with indirect water usage?

In total, 15 pieces of evidence were identified in relation to this research question
which includes eight guidance documents that were deemed expert opinion
(including two Scottish!'® 117 and one British standard26), 94 95, 116, 117,126, 128, 141, 155
six outbreak studies® >4 73. 76, 80. 86,144 gnd one case-control study.*®¢ According to the
SIGN 50 methodology, one was graded level 2 evidence (case-control study),®® six
were graded level 3 evidence (six outbreak studies),! 54 73 76.80. 86 gnd eight were

graded level 4 evidence (seven expert opinions).%4 95, 116, 117,126,128, 141, 155

There are some limitations to the evidence that is included in this research question.
The evidence is mainly low quality (14 out of the 15 studies are either level 3 or level
4) and the guidance documents that were deemed expert opinion lack a rigorous
search and/or methodology while developing the guidance. Additionally, there are a
few outbreak studies included which creates a potential risk of publication bias as not
all outbreaks/infection incidents are published in scientific journals.

Indirect water usage refers to coming into contact with water through other means,
for example via contaminated equipment, contaminated environment or water-based
equipment and thus transmission occurs through indirect contact. The available
evidence is summarised within different categories below including clinical control
measures (for example use of sterile water), management of the care environment
(for example splash risk, the risk of refillable spray bottles), management of patient
equipment (for example endoscopes, HCUs, incubators) and decontamination

processes.

Clinical control measures

Contaminated mains water and associated outlets have been highlighted as sources

for contamination in multiple outbreak studies (See “What are the known

transmission routes of water system-associated organisms in healthcare settings?”).

For all patient groups, Republic of Ireland guidance advise that only sterile water
must be used when water is required for administering any medication or treatment

requiring water for example intravenous medications, nebulisers.'?®
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A closed system must be used for infants that require therapeutic cooling; sterile
water must be used in the system.1?®
Management of the care environment

Splash risk from contaminated outlets has been highlighted as a risk factor in

multiple outbreak studies (See “What are the known transmission routes of water

system-associated organisms in healthcare settings?”). UK guidance advises that

preparation areas for aseptic procedures and drug preparation and any associated
sterile equipment should not be located where they are at risk of splashing or
contamination from water outlets.*4* Further, it is advised that all surfaces on which
aseptic procedures are to be performed are decontaminated prior to commencing a
procedure. The British Standards Institute also advises that items of equipment and
drug and food preparation areas should be in a location that splash contamination
cannot occur.?® |t may be appropriate to consider removal of sinks altogether in

these areas where this is possible, to eliminate the risk altogether.

Preparation of refillable disinfectant-detergent spray bottles with contaminated tap
water was linked to a P. aeruginosa and P. putida outbreak in a paediatric
haemato-oncology unit, the disinfectant-detergent spray was being used to clean
perfusion bottles and the laminar flow hood prior to preparation of parenteral
perfusions.> The refillable spray bottles were replaced with ready-to-use bottles and
no further cases were detected in the subsequent two-year period. CDC guidance
(graded SIGN50 level 4) advises against the use of refillable fluid containers (for
example spray bottles used for cleaning).*?® The risk with refillable spray bottles is
the difficulty to effectively decontaminate and dry all parts prior to reuse, therefore
they may act as a reservoir for contamination. There was no published literature
describing infection incidents/outbreaks in non-acute settings linked to reusable
spray bottles. However, non-acute settings typically do not have surveillance
systems in place and are reliant on case ascertainment to detect water system-

associated incidents.

Management of patient equipment

As outlined in “What are the known transmission routes of water system-associated

organisms in healthcare settings?”, indirect transmission can occur from
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contaminated patient equipment (for instance surgical devices, nebuliser cups,
suction apparatus for ventilated patients), diagnostic equipment (for example
bronchoscopy, ERCP), aspiration tubes for neonates, patient feeding items including
containers for nutrition solutions, tube feeding equipment and milk bottles. HPSC
Ireland specifically recommends that medical equipment and patient care equipment
should not be placed in, or washed in, clinical wash hand basins.'?® Healthcare
equipment (non-invasive) should be cleaned, decontaminated, dried and stored in
accordance with local policy and based on manufacturer’s instructions.*?® The

NIPCM provides guidance for management of patient care equipment in Chapter 1.

Republic of Ireland guidance and UKHSA guidance®®® regarding the management of
humidified incubators states that sterile water should be used for humidified
incubators and the reservoir and water should be changed daily.?® Reusable water
reservoirs of humidified incubators must be sterilised between uses in a central
decontamination unit. Republic of Ireland provides advice regarding maintenance of
non-humidified incubators stating they must be completely dismantled, cleaned,
decontaminated and thoroughly dried before being used again as per locally agreed
procedure; sterile water is not required for this process.??® UK guidance advises that
detergent wipes are suitable for cleaning incubators.'#! An outbreak of Klebsiella
pneumoniae in a French NNU identified contaminated incubators and incubator
mattresses. Steam cleaning of the mattresses resulted in residual moisture which is
likely to have supported ongoing contamination.®® The decontamination policy for
mattresses switched to chemical disinfection without steam cleaning which coincided
with no further cases detected but low level contamination of incubators and

mattresses persisted.

Republic of Ireland guidance advises that sterile water must be used for humidifiers

in ventilator circuits and continuous positive airway pressure (CPAP) units.128

Decontamination processes

Endoscopes (bronchoscopes, duodenoscopes) and automatic endoscope
reprocessors (AERs) have been involved in a number of outbreaks and incidents in
healthcare settings. 73 6. 156 Nine patients were identified in a pseudo-outbreak of
Mycobacterium fortuitum following contamination of bronchoscopes with

contaminated mains water.! The bronchoscope washer disinfector did not have a
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terminal filter, and the water supplying the machine was not filtered. It is essential to
ensure that endoscopes are adequately decontaminated to avoid transmission of
infectious agents to patients. Further guidance is provided in “NHSScotland
Guidance for the interpretation and clinical management of endoscopy final rinse

water”.117

Cardiac Heater Cooler Units (HCUs) are a known potential reservoir of healthcare
water system-associated organisms that can indirectly infect patients undergoing
cardiac surgery®® and for this reason, specific guidance on operational procedures
covering decontamination of heater cooler units used during cardiac surgeries,
microbiological testing and associated actions based on water and air results is
available - see NHSScotland Guidance for Decontamination and testing of Cardiac
Heater Cooler Units (HCUs).116

Washing neonatal clothing in a domestic washing machine led to transmission of
Klebsiella oxytoca to new-borns; the washing machine parts (for example detergent
drawer, rubber sealant) were found to be contaminated and may have provided the
conditions for biofilm growth.”® Specific details regarding the laundering of healthcare

linen is covered in the NIPCM safe management of linen literature review and

National Guidance for Safe Management of Linen in NHSScotland Health and Care

Environments - For laundry services/distribution.

29. What actions can be undertaken to facilitate the earliest
possible detection and preparedness for clinical cases of water-
associated colonisation or infection?

There is limited evidence available regarding actions that can be undertaken to
facilitate earliest possible detection and preparedness for clinical cases of water-
associated colonisation or infection. In total, six pieces of evidence were identified
which includes one Scottish guidance document,?” one outbreak study,*” one
surveillance study,®? one British Standard'?® and two other guidance documents.*?®
131 All guidance documents were deemed to be expert opinions due to the lack of a
rigorous search and/or methodology in developing the guidance. In accordance with
SIGN 50 methodology, two were graded level 3 evidence (one outbreak study,*” one
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surveillance study®?) and the four expert opinions were graded level 4 evidence.?¢

128, 131

English and Scottish guidance agree that significant changes in monitored
microbiological levels of water test results can provide an early identification of water
contamination.26. 127. 131 Besjdes microbiological surveillance of water test results,
surveillance of clinical samples could also aid in the early detection of
colonisation/infection of water-associated organisms.*’ In absence of an outbreak,
Zhou et al prospectively monitored patients for P. aeruginosa colonisation/infection in
two surgical ICUs by active screening (also environmental screening when

P. aeruginosa was isolated from clinical samples) to gain knowledge of the sources
and patterns of P. aeruginosa colonisation/infection.®? This can be beneficial for
designing optimal infection prevention and control strategies. Republic of Ireland
guidelines mention that the IPC team should have an active surveillance programme
in place in each healthcare facility to detect alert organisms, clusters of infection,
outbreaks, unexpected antimicrobial resistance mechanisms and unexpected
infections.1?8 Patient isolates of gram-negative bacteria (for example P. aeruginosa,
Acinetobacter spp., Stenotrophomonas maltophilia and Serratia marcescens) from
high-risk units and isolates of Legionella spp. from all care settings should be

monitored as alert organisms as per appendix 13 of the NIPCM.1?® As detailed in the

section “Which organisms associated with healthcare water systems are responsible

for colonisation/infection of patients?”, there are many organisms associated with

healthcare water systems that can pose a clinical risk.

Being alert to the possibility that immunocompromised patients (see “Which patient

populations are considered as being at increased risk of colonisation/infection with a

healthcare water system-associated organism?”) are at increased risk of

colonisation/infection could also contribute to the early detection and preparedness
for clinical cases. Good communication processes between IPC teams, laboratories,
estates and facilities teams and WSG will help ensure earliest possible identification

and preparedness for clinical cases of water associated colonisation or infection.
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3.1.3 Outbreak/incident management

30. How should water-associated incidents be assessed and
reported locally and nationally?

Very limited evidence was found in relation to this research question. In total, two
pieces of evidence were included which consists of one Scottish guidance document
that was deemed to be expert opinion **” and an independent report from Northern
Ireland, both graded SIGN50 level 4.158

The “Management of Public Health Incidents: Guidance on the Roles and
Responsibilities of NHS Led Incident Management Teams” which is applicable to
Scotland advises that following detection/recognition of an incident, the IPC team or
HPT team should undertake an initial risk assessment. Limited detail of this risk

assessment is provided in the guidance.

Following a series of P. aeruginosa outbreaks at four neonatal units in Northern
Ireland, an independent report concluded that single cases of P. aeruginosa should
be assessed in neonatal intensive care and high dependency units and possible
causes investigated.®® The independent report, although specific to neonatal cases
of P. aeruginosa, recommended a nationally agreed approach to reporting of

infection incidents.

At the time of writing, an assessment tool to undertake a risk assessment is provided
within Chapter 3 of the NIPCM, in the form of the Healthcare Infection Incident
Assessment (HIIAT) tool. The guidance in Chapter 3 of the NIPCM is in line with the
“‘Management of Public Health Incidents: Guidance on the Roles and
Responsibilities of NHS Led Incident Management Teams”®” and is informed by a

systematic literature review on healthcare infection incidents and outbreaks in

Scotland. The HIIAT tool supports assessment of the impact of a healthcare infection
incident/outbreak on patients, services and public health. It also indicates the

national communication and reporting that is required based on the risk assessment.
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31. What are the water testing requirements during a water-
associated incident/outbreak?

There is limited guidance available regarding water testing requirements during a
water-associated incident/outbreak. Three guidance documents were identified to
inform recommendations on this subject which includes one Scottish guidance
document,°! one British Standard''® and one guidance document from the Republic
of Ireland.?® All were deemed to be expert opinions due to the lack of a rigorous
search and/or methodology in developing the guidance and in accordance with

SIGN50 methodology, these three expert opinions were graded level 4 evidence.'%%
118, 128

In general, the principles are similar to those described previously for routine water

testing and are also covered in relevant guidance for instance BS 7592:2022

Sampling for Legionella bacteria in water systems — Code of practice, BS EN ISO

19458:2006 Water guality — Sampling for microbiological analysis and Scottish

Health Technical Memorandum 04-01: Water safety for healthcare premises: Part C:

TVC Testing Protocol. It is recommended by Scottish guidance, Republic of Ireland

guidance and relevant British Standards to increase routine water testing during a
suspected or confirmed outbreak or if surveillance identifies an increased incidence

of infection.101. 118, 128

An overall investigation plan, which includes sampling, should be drawn up by the
outbreak investigation team to identify and prioritize potential sources taking account
of the geographical distribution of the infected cases.!'® 128 |f the cases are clustered
to a specific area, initial efforts should be concentrated on potential sources within
that area.*® Scottish guidance mentions that the outbreak investigation team may
request that water samples are taken before any emergency disinfection is

undertaken.101

Republic of Ireland guidelines mention that in the event of a suspected outbreak,
additional testing by swabbing water outlets to obtain strains for typing may provide a
means of assessing a water outlet, but this does not replace water sampling (see
“What are the environmental testing requirements during a water-associated

incident/outbreak?”).128
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It is also recommended to use pre-flush samples as these represent the water the
patient would have been exposed to.'18 If contamination is detected in the pre-flush
samples, differentiation between local and systemic colonisation can be achieved by
collecting post-flush samples and comparing bacterial counts between pre-flush and

post-flush samples.1t8 128

32. What are the environmental testing requirements when
investigating healthcare water system-associated
incidents/outbreaks?

In total, 21 pieces of evidence were identified in relation to this research question
which includes 14 outbreak studies,16: 19 34,42, 48,50, 57, 61-63, 66, 69, 70, 76 fiye guidance
documents categorised as expert opinion (including one Scottish,'%* one English®3!,
one from the Republic of Ireland,?® one international guideline® and two British
Standards!!® 126) and one surveillance study.8! In accordance with SIGN 50
methodology, 15 were graded level 3 evidence (14 outbreak studies,6: 19. 34,50, 57, 61,
63,66, 69,70, 76 gne surveillance study®') and six were graded level 4 evidence (six

expert 0pini0n5104' 118, 126, 128, 131)_

There are some limitations to the evidence that is included in this research question.
The evidence is mainly low quality (all 21 studies are either level 3 or level 4) and the
guidance documents that were deemed expert opinion lack a rigorous search and/or
methodology while developing the guidance and often refer to the same
references/guidance. Moreover, the CDC guidelines are mostly based on studies
published pre-2000 which is a limitation as it might not reflect current IPC practices.®*
Additionally, there are numerous outbreak studies included (14 out of the 21 studies)
which creates a potential risk of publication bias as not all outbreaks or infection
incidents are published in scientific journals and therefore there is the possibility that
the evidence may not fully reflect what is being seen in practice.

Water system-associated organisms are commonly found in moist areas and have
been associated with environmental reservoirs in hospitals.1?% 128 As mentioned

previously in “What are the known transmission routes of healthcare water system-

associated organisms in healthcare settings?”, transmission of healthcare water

system-associated organisms can occur via direct and indirect contact as well as
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aerosolisation. Therefore, removing contaminated environmental reservoirs could
limit the exposure and transmission to vulnerable patients thus preventing prolonged

outbreaks.128

Environmental sampling is advised when investigating the source of hospital
acquired cases and/or outbreaks.%* 104,118,131 An gverall investigation plan should be
drawn up by the outbreak investigation team to identify and prioritize potential
sources taking account of the geographical distribution of the infected cases.18 126.
128 Where several infected people have visited one particular location or received
one particular procedure, this area and/or the used equipment should be the focus of
initial investigations. The number of samples to collect is therefore difficult to assess
in advance as this is dependent on the nature and size of the outbreak and thus the
available epidemiological information should continually be reassessed and

updated.118

Where possible, it is recommended to compare patient isolates with the
environmental samples to investigate the potential source of the infection and modes
of transmission of the organism(s).%* 194.126.128 Tg do so, the CDC advises to analyse
the samples to species level at a minimum but beyond if possible. The British

Standards Institution mentions in BS 8580-2:2022 that molecular typing is crucial to

understand if transmission has occurred and to support interventions to prevent
further transmission.1%4 126 However, if typing results do not match, it does not
exclude the water system as a source of infection as environmental outbreaks can
be polymicrobial and/or polyclonal.*?® It is not uncommon for environmental sampling
to reveal multi-organism contamination of an outlet (for example a sink drain)
suggestive of a biofilm which may only be microbiologically linked to a patient by a
single organism isolate.8! This highlights the complex nature of biofilms which can
pose challenges to the interpretation of environmental sampling during outbreak
studies. Picking and typing of several isolates from cultures increases the likelihood

of detecting the relevant hazard.

Several outbreak studies reported successful containment of an outbreak after
environmental sampling revealed the environmental source(s).6: 19 34, 42,48, 57, 61, 63, 66,
69,70.76 Exposed sources linked to nosocomial cases included among others a
washing machine, faucet aerator, sinks, chilled water dispenser, dialysis station wall

boxes, siphons and drains. Although outbreak studies are generally considered as
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low quality evidence, here they demonstrate the positive effect of environmental
sampling in revealing the source and contributing to control the outbreak. However,
environmental sampling can be challenging, for example due to resource limitations,
and may not always provide clear evidence regarding the source or transmission
mode in an incident/outbreak and thus typing, including whole genome sequencing,

should be used to include but not exclude a source.

The species responsible for colonisation/infection in the patient may be an indicator
for where to direct environmental sampling. As evidenced in the research question

‘What are the causes/sources of environmental contamination with healthcare water

system-associated organisms?’, Enterobacteriaceae and Pseudomonas species are

typically identified at the distal outlet/within drainage systems therefore
environmental sampling (swabbing) of sink and shower drains and associated
pipework may assist in identifying an environmental reservoir. In an outbreak
involving CRE Klebsiella pneumoniae, five patients who had no overlap in hospital
stay but were admitted to the same single room, were found to have the same
outbreak strain which was genetically matched to the organism found in the sink and
shower drain of the room.#? In another report, the genotypic diversity of patient
isolates in an outbreak involving 43 patients was an indicator that a single common
source was not responsible. Environmental sampling revealed that a third of the sink
drains in the haematology ward harboured ESBL-producing E. cloacae; all water
samples were negative.*® Similarly, a cluster of CRE outbreaks occurring over a

30 month period at an ICU were linked to sink drains where S. marcescens was
recovered persistently, even after six attempts to decontaminate the drains of eight
of the 11 central sinks in the ICU.%? Tap spout and water cultures were negative for

CRE. All patient cases were negative on admission.

In addition to source investigation, guidance from PHE and CDC recommend that
environmental sampling can be used to verify the impact of cleaning procedures or
other infection-control measures.®* 131 However, incorporating this into business-as-

usual could have significant logistical and cost implications.

To summarise, environmental sampling is advised during a water-associated
incident/outbreak. To help with the identification and prioritising of sources, an

investigation plan should be developed; the species responsible for patient
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colonisation/infection may direct sampling efforts to focus on specific locations (for
example drains and associated pipework for Enterobacteriaceae). Molecular typing
can be a valuable tool to compare patient and environmental isolates and ideally
several isolates should be analysed to increase the change of identification. Due to
the challenges associated with molecular typing, it should only be used to support

confirmation of a source and not to exclude it.

33. How and by whom should water-associated incidents be
investigated?

In total, two pieces of evidence were identified and all three are guidance documents

categorised as expert opinion.1?8 157 Chapter 3 of the NIPCM “Healthcare Infection

Incidents, Outbreaks and Data Exceedance” outlines how a healthcare incident or

outbreak should be investigated and is in line with the “Management of Public Health
Incidents: Guidance on the Roles and Responsibilities of NHS Led Incident
Management Teams”.*>” Detailed information on how to conduct the investigation, as
well as relevant templates, checklists and other tools are available in the NIPCM
Chapter 3. The NIPCM literature review regarding healthcare infection incidents and
outbreaks in Scotland (Version 2.0, June 2022) covers the investigation and

management of healthcare infection incidents and outbreaks in hospital/acute

settings.

It is the responsibility of the NHS board to establish whether an IMT is necessary to
further investigate a healthcare infection incident.'>” The IMT is a multi-disciplinary,
multi-agency group with responsibility for investigating and managing the incident
and its membership will vary depending on the nature of the incident, but will
normally include a NHS board Chair, HP team representatives, IPC team
representatives, other relevant clinical staff, a communications officer and
administrative support.t®’ It is essential that Estates and Facilities staff are included
in IMTs for incidents involving the built environment. In a healthcare setting, the IMT
can be chaired by suitably experienced staff, for example the consultant in public
health medicine (CPHM) or the Infection Control Doctor (ICD), depending on the
circumstances and this should be agreed in advance and documented in the
incident/outbreak plan.®” As part of the IMT, a case definition(s) must be

established. In addition, ongoing data relating to epidemiological and microbiological
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investigations should be received and discussed, as well as any necessary control

measures. 128. 157

Specific to water associated incidents, investigations should also consider how water
is used in the clinical areas where the patient has been cared for, how water was
used by the patient and healthcare workers, the history of invasive device use,
including antibiotic administrations and how drugs, particularly IV drugs, are

prepared in the clinical area.'?®

34. Should point-of-use (POU) filters be fitted in response to water-
associated incidents/outbreaks?

In total, 15 pieces of evidence were identified in relation to this research question
which includes nine guidance documents that were deemed expert opinion (including
three Scottish,10% 120,159 three English,'?® 130. 141 gne British Standard!?® and one from
Republic of Ireland'?8), six outbreak studies,? & 34 51,5477 and one before and after
study.®0 In accordance with SIGN 50 methodology, seven were graded level 3
evidence (six outbreak studies,? 8 34 51.54.77 gne before and after study'®®) and eight

were graded level 4 evidence (eight expert opinionst01: 120, 126, 128-130, 141, 159)

All studies included to answer this research question are low quality evidence, either
level 3 or level 4. The guidance documents included are all deemed expert opinion
(level 4) due to the lack of a rigorous search and/or methodology while developing
the guidance and often refer to the same references and guidance. Moreover, by
including outbreak studies (6 out of 15) there is a potential risk of publication bias as

not all outbreaks/infection incidents are published in scientific journals.

Point-of-use (POU) filters are primarily recommended as a temporary control
measure while awaiting a permanent safe engineering solution, although long-term
use may be needed in some situations when there is no effective alternative.12% 128
130 The installation and use of POU filters, including procedures for fitting, changing
and cleaning filters should be agreed by the WSG and documented.126. 130, 159 |t js
recommended to record the start date and lifespan of the POU filters installed and to
replace them according to the manufacturer’'s recommendations.'?° The English and
Scottish Health Technical Memorandums on operational management add to this
that changing POU filters should be done at least once monthly and SHTM 04-01
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part A mentions that the frequency depends on the usage of the outlets.10% 120, 130
However, for certain POU filters manufacturer’s instructions could recommend a
frequency exceeding 30 days in which case the changing frequency might be

extended.

A POU filter is defined in English guidance as a filter with a maximal pore size of
0.2 um applied at the outlet, which removes bacteria from the water flow.12° 130, 141
Filters that are effective barriers of healthcare water system-associated organisms
range in size from 0.2 ym to 0.65 um.*?8 Most guidance, including two UK codes of
practice, recommend filters with a pore size no greater than 0.2 ym,126. 128-130, 141 bt
the Scottish Health Technical Memorandum recommends a pore size of 0.1 um or
less.'?% Scottish guidance warns that filters do not eradicate the organism, but
prevent discharge to the environment from the filtered outlet only and that it may be
possible for the organisms to multiply and regressively ‘seed’ other parts of the

distribution system when retaining the organism within the pipework.12°

Installation of POU filters should be subject to risk assessment and domestic staff
and ward staff should be aware of the associated risks of installation, cleaning and
removal of POU filters.??® These risks include poor flow from filters which increases
the likelihood of removal and a false sense of security which could result in reduced
compliance with other prevention measures such as regular flushing, hand hygiene
and safe discarding of contaminated fluids.'?® Cross-contamination is also a serious
risk and can occur due to poor fitting allowing leakage around the fitting or by
removing, changing or cleaning POU filters when retained organisms get released
and resulting in re-seeding of the environment.126. 141 Therefore, POU filters should
not be re-attached once removed.'?% Appropriate training of staff is necessary and

manufacturer’s instructions should be followed at all times.101. 130

The use of POU filters has mostly been mentioned in the literature as part of a
bundled approach of IPC measures and therefore it is difficult to determine which
measure was responsible for the impact.? 8 515 However, a few outbreak studies
reported specifically that the use of POU filters resulted in the control of the
outbreak.®* 77 In a neonatal ICU, POU filters provided a short-term solution during a
P. aeruginosa outbreak attributed to hospital tap water. This study included a
case-control element and showed that patients receiving care in a room without POU
filters installed had significantly higher odds to be infected with P. aeruginosa.* In
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another outbreak study of invasive fusariosis in a children’s cancer hospital, multiple
control measures were tried before POU filters were installed 1 year after the first
case and the outbreak was finally controlled.”” Moreover, a before-and-after study
looked at the intervention of POU filters and compared the infection rate before and
after the installation of the POU filters.'%° POU filters were shown to be effective and
a significant reduction (56%, P<0.0003) of chronically endemic P. aeruginosa

infections was measured on a surgical ICU.16°

In summary, POU filters can be used in response to water-associated
incidents/outbreaks. However, guidance suggests that their risks needs to be
considered in a risk assessment before installation and the WSG should agree on

their installation and use.

35. When can POU filters be removed?

In total, six pieces of evidence were identified in relation to this research question
which includes two Scottish guidance documents,0t: 159 gne British Standard,2¢
one guidance document from the Republic of Ireland'?® and two other UK guidance
documents.*?% 130 AJl included guidance documents were deemed to be expert
opinion and in accordance with SIGN 50 methodology, these six expert opinions
were graded level 4 evidence.10% 126, 128-130, 159 The |ack of high quality evidence is a

limiting factor for answering this research question.

Since extant guidance recommends that POU filters are fitted in response to water
associated outbreaks while awaiting a permanent solution, this suggests that
removal is only appropriate when this permanent solution has been installed. 26 128-
130 Guidance do not specifically mention when exactly the POU filter can be
removed, only that its removal would be a clinical decision and that amendments to
plumbing and taps should have been made. The British Standard 8580-2:2022

recommend that pre-determined criteria for when filters can be removed should be in
place and Scottish guidance recommend that the WSG will have to confirm that they
are satisfied that the affected outlet and pipework can be removed or disinfected

without compromising the rest of the water.126. 159

It is important to note that where POU filters are no longer required, the outlet and

associated pipework should be cleaned and disinfected to remove any accumulated
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debris before the system is returned to service. Manufacturer’s instructions should

be followed at all times. 101, 130

3.1.4 Organisational Management:

36. Whose responsibility is it to carry out any of the above actions?

In total, five pieces of evidence were identified including two Scottish guidance
documents, 101 159 gne British Standard,*?® one guidance document from the Republic
of Ireland*?® and one English guidance document.*3! All included guidance
documents were deemed to be expert opinion and in accordance with SIGN50
methodology, these five expert opinions were graded level 4 evidence. 101 126, 128, 131,
159 Regarding the responsibilities within Scottish health and care settings, it is
appropriate to only include Scottish/UK guidance documents and thus not having

wider evidence is not a limitation.

Full description on roles and responsibilities within NHSScotland regarding water
safety for healthcare premises can be found in SHTM 04-01, Part B: Operational
management. Within NHS boards, SHTM 04-01 and British Standards Institute
guidance recommend that a multidisciplinary team (Water Safety Group) needs to be

appointed to carry out risk assessments and develop a water safety plan (WSP) to
manage the identified risks associated with water.101. 126 WSGs will be led and
chaired, as a minimum, by the Responsible Person (Water) who will ensure that
responsibility is taken for microbiological hazards and are identified by appropriate
Group members.t%! They will assess risks, identify and monitor control measures
and develop incident protocols.'?* The WSG should be a sub-group of and report to
the Chair of the hospital Infection Control Committee and ensure a coordinated
approach exists between Infection Prevention and Control Teams, clinical staff and
Estates & Facilities on all water issues including the communication of positive
environmental and water test results to the appropriate staff and teams.1%* There

should be a clear line of responsibility to the Chief Executive Officer (CEQ).10!

The WSG should have oversight regarding flushing responsibilities and agree
frequencies for each area — operationally this may be the Senior Charge Nurse,
Clinical Lead, Domestic staff or Estates and Facilities (See “Who should be

responsible for flushing?”).
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Scottish guidance advises that the WSG (which includes the Infection Control
Manager, the Infection Prevention and Control Doctor and the Consultant
Microbiologist) should advise on infection control policy (in agreement with the IPC
team) and are responsible for the maintenance of water quality from the point it

leaves the tap.1%?

English and Republic of Ireland guidance mention that sampling should be
undertaken by appropriately trained staff to minimise contamination whereas testing
should be carried out by a laboratory that is UKAS-accredited to perform the
specified test.1?8 131 More information on the organisational structure for NHS boards
for the management and control of risk from potential exposure to Legionella spp.,
Pseudomonas spp. and other similar harmful bacteria can be found in SHTM 04-01
part G: Operational procedures and Exemplar Written Scheme .59

3.2 Implications for research

This systematic literature review has identified gaps in literature in various subjects
regarding IPC related aspects/impacts of the healthcare water system. More
research and/or separate pieces of work are required to ascertain: safe use of drains
in terms of IPC, safe commissioning, incubation periods for water system-associated
organisms, infectious doses of organisms, design features that limit transmission of
organisms from their source and reservoir to external surroundings, water testing
methodologies and techniques, methodology and interpretation of environmental
sampling tests. Moreover, dental units were not extensively mentioned in this review

as this is covered by a separate piece of work “Literature Review and

Recommendations: Management of Dental Unit Waterlines” which covers the

management (including decontamination) of dental unit waterlines for the prevention
of HAI in general dental practices, community dental clinics and dental hospitals

waterlines.

Much of the evidence base in this literature review is composed of outbreak
investigation studies where infection control strategies are bundled together making
it difficult to determine which intervention(s) was/were responsible for successfully
ending the outbreak. More research on single interventions would be beneficial to

strengthen the evidence base. This includes water-free care and within this review it
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has been highlighted that a pilot study undertaken in a Scottish ICU or NNU to trial
water-free care with removal of sinks/outlets would be beneficial. More primary
research for non-acute settings is also required. Overall, improved publication of
outbreak studies and their management and resolutions would increase the tools for

controlling and mitigating risk of water system-associated infections.

Limited robust literature was identified by this review regarding the incubation period
and the period of communicability of water system-associated organisms, although
there is acknowledgement that transmission can take place as long as the source is
present. The incubation period is difficult to determine without the knowledge of the
source and time of exposure. Investigations should be carried out to examine the

potential incubation period and the linkage to organisms.

It has been mentioned by experts that the interpretation of TVC test results is difficult
and that more research is needed to inform recommendations. A pilot study in an
NHS health board would be useful to create a baseline for TVC monitoring. Within
this pilot study, regular TVC samples should be collected, interpreted and compared
with wider microbiological testing results to establish any link between results. This
would help in understanding the value of TVCs and could lead into a new suite of
guidance that includes among others the testing frequency, number of samples
needed, sample locations and microbiological limits. There is no clear consensus in
literature regarding aerosolization or splash risk from flushed toilets and whether
covers should be installed as standard. Further research is required in this area as
toilet covers and associated parts (for example hinges) can give rise to other

contamination issues.

Moreover, there is a clear gap in literature regarding accredited testing and
microbiological water testing requirements at commissioning. Limited UKAS
accredited tests are available for environmental organisms. Regarding testing
requirements at commissioning, guidance states that water samples are obtained as
standard practice at water system commissioning to ensure a safe handover of the
water system from the contractor. However, the water testing requirements and
appropriate microbiological parameters are not specified. This must be agreed prior
to tender, but advice on the sampling regime and microbiological parameters would

be very valuable. Therefore, more research and inclusion of commissioning in
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current guidance or the development of new guidance is needed especially

regarding specific microbiological water testing requirements.

In a non-systematic review, it was discussed that many of the sinks involved in
outbreaks do not adhere to the recommended standards despite the fact that sink
design is the primary driver behind sink-related healthcare water system-associated
infections. This could be due to the age of healthcare facilities and the high expense
of retrofitting.'% However, it does reflect the overlooked importance of IPC in
healthcare design and this can be addressed in further research and guidance into
design elements of healthcare facilities. Education on the importance of water
management is also essential for awareness and understanding compliance of
healthcare staff including clinicians, which was highlighted in an outbreak study on

Legionnaires’ disease.?

It is also important to note that there is a range of other environmental organisms
that cause a risk to vulnerable patients in addition to water system-associated
organisms as their optimum environment are warm damp areas. These organisms
may not be directly found in water but can be found in moist areas such as showers
(walls, basins), external parts of taps or shower outlets and near leaks or splashes.
Opportunistic fungi such as Aspergillus spp. have been reported to be present in
environmental water sampling.'%2 The primary mode of nosocomial transmission is
thought to be via airborne spores, but moulds can reside in water sources within the
hospital and aerosolise after water activities.'6% 164 For example, Aspergillus
fumigatus was recovered from a shower wall in a patient’s room that matched the
clinical A. fumigatus strain of the occupying patient.'®> Conversely, water system-
associated organisms such as P. aeruginosa can be transmitted through the air
which was shown by an environmental surveillance study in a UK cystic fibrosis (CF)
centre revealing that 80% of the air samples inside the patient’s room were positive
for the endemic strain and P. aeruginosa was still detected in the air for one to three
hours after patients’ discharge.6® More research is required to determine whether

these air samples are viable and whether there is an associated exposure risk.
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Appendices

Appendix 1: Specific standards relating to water systems

This appendix provides a non-exhaustive list of standards pertaining to water systems. The standards listed represent the most recent
versions available at the time of writing. Please note, however, standards are subject to amendments and the most recent versions should

always be sourced and used in practice.

Standard Description Publication date

BS EN 806 Specifications for installations inside buildings | This European Standard specifies 2000 - 2015
conveying water for human consumption requirements gives recommendations on
the design, installation, alteration, testing,
maintenance and operation of potable
water installations within buildings and,
for certain purposes, pipework outside
buildings but within the premises. This
standard consists of 5 parts as follows:
Part 1. General

Part 2: Design

Part 3: Pipe sizing — Simplified method
Part 4: Installation

Part 5: Operation and maintenance

BS 7592:2022 Sampling for Legionella bacteria in water This standard gives recommendations February 2022
systems — Code of practice and guidance on the sampling of water
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Standard

Description

and related materials for the investigation
of the presence of organisms of the
genus Legionella. The standard is
applicable to the selection of sampling
sites and the methods of sampling for the
purposes of routine monitoring, validation,
commissioning, investigating a problem,
or outbreak investigation.

Publication date

maintenance of services supplying water for
domestic use within buildings and their
curtilages — Complementary guidance to BS
EN 806

guidance to BS EN 806. It is a guide to
the design, installation, alteration, testing,
operation and maintenance of services
supplying water for domestic use within
buildings and their curtilages.

BS EN 806 does not cover underground
pipework, but this British Standard gives
guidance on underground pipework within
the curtilage of a building.

BS 8554:2015 Code of practice for the sampling and This British Standard gives guidance and | September 2015
monitoring of hot and cold water services in recommendations for investigative and
buildings planned collection of hot and cold water
samples during the life of a building,
including sampling locations and the
selection of laboratory or on-site testing
for those samples.
BS 8558:2015 Guide to the design, installation, testing and | This standard provides complementary September 2015
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Standard Description Publication date
BS 8580-1:2019 Water quality — Risk assessments for This standard gives recommendations January 2019
Legionella control — Code of practice and guidance on Legionella risk

assessment relevant to water systems.

BS 8580-2:2022 Water quality Part 2: Risk assessments for P. | This standard gives recommendations January 2022
aeruginosa and other waterborne pathogens | and guidance on how to carry out risk
— Code of practice assessments for P. aeruginosa (PA) and

other waterborne pathogens whose
natural habitat is within constructed water
systems and the aqueous environment
(autochthonous) rather than those being
present as a result of a contamination
event. It includes those pathogens that
can colonize and grow within water
systems and the associated environment,
with the exception of Legionella which is
covered in BS 8580-1:2019.

BS 8680:2020 Water quality — Water safety plans — Code | This standard gives recommendations May 2020
of practice and guidance for the development of a
water safety plan (WSP) for water
systems which can pose a risk to those
exposed, either from the water itself,
aerosols derived from it or the
surrounding environment.

115


https://knowledge.bsigroup.com/products/water-quality-risk-assessments-for-legionella-control-code-of-practice-1/tracked-changes
https://knowledge.bsigroup.com/products/water-quality-risk-assessments-for-pseudomonas-aeruginosa-and-other-waterborne-pathogens-code-of-practice/standard
https://knowledge.bsigroup.com/products/water-quality-water-safety-plans-code-of-practice/standard

ARHAI Scotland

Standard

Description

Publication date

PD 855468:2015

Guide to the flushing and disinfection of
services supplying water for domestic use
within buildings and their curtilages

This Published Document, not to be
regarded as a British Standard, provides
guidance on cleaning, flushing and
disinfection of services supplying water
for domestic purposes within buildings
and their curtilages.

September 2015

BS I1SO 5667-
24:2016

Water quality — Sampling — Part 24:
Guidance on the auditing of water quality
sampling

This standard provides an audit protocol
to monitor conformity with declared, or
assumed, practices in all areas of water
guality sampling. It is applicable to the
audit of sampling activities from the
development of a sampling manual
through to the delivery of samples to the
laboratory.

April 2016

Legend:

BS = British Standards produced by the British Standards Institution (www.bsigroup.co.uk)

EN = European Standards (European Norm) produced by the European Committee for Standardisation (www.cen.eu)

ISO = International Standards produced by the International Standards Organization (www.is0.0rq)

EN standards are gradually being replaced by ISO standards — when these are adopted in the UK they are prefixed with BS (e.g. BS EN; BS
EN; BS EN ISO). This is usually to accommodate UK legislative or technical differences or to allow for the inclusion of a UK annex or foreword.

116



https://www.en-standard.eu/pd-855468-2015-guide-to-the-flushing-and-disinfection-of-services-supplying-water-for-domestic-use-within-buildings-and-their-curtilages/
https://www.iso.org/standard/60577.html
https://www.iso.org/standard/60577.html
http://www.bsigroup.com/
http://www.cen.eu/
http://www.iso.org/

ARHAI Scotland

Appendix 2: Levels of Evidence

Grade Description

1++ High quality meta analyses, systematic reviews of RCTs, or RCTs with
a very low risk of bias

1+ Well conducted meta analyses, systematic reviews of RCTs, or RCTs
with a low risk of bias

1- Meta analyses, systematic reviews of RCTs, or RCTs with a high risk of
bias

2++ High quality systematic reviews of case-control or cohort studies. High

guality case-control or cohort studies with a very low risk of
confounding, bias, or chance and a high probability that the relationship
is causal

2+ Well conducted case control or cohort studies with a low risk of
confounding, bias, or chance and a moderate probability that the
relationship is causal

2- Case control or cohort studies with a high risk of confounding, bias, or
chance and a significant risk that the relationship is not causal

3 Non-analytic studies, for example case reports, case series

Expert opinion
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Appendix 3. PRISMA Flow Diagram

For more information, visit http://www.prisma-statement.org/

PRISMA 2009 Flow Diagram

[ Identification ]

Records identified through
database searching

Additional records identified
through other sources

(n=91)

[ Screening ]

[ Eligibility

[ Included

(n = 3208)

/

Records after duplicates removed
(n =2808)

Records screened
(n =2808)

A4

Full-text articles
assessed for eligibility
(n=329)

A4

Records excluded
(n=2479)

Full-text articles excluded,

with reasons (n = 145).
Reasons: not applicable,
bundled approach, non-
English, animal models of
infection, out-with date
limit, focus on compliance/
promotion/ monitoring/
effectiveness of training or
out-with scope.

A4

Studies included in
qualitative synthesis
(n=160)

Full-text articles excluded,
based on SIGN50
checklist
(n=24)
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Appendix 4: Excluded studies

The following studies were excluded during critical appraisal based on their
limitations according to the SIGN50 checkilist:

Turner C, Mosby D, Partridge D, et al. A patient sink tap facilitating
carbapenemase-producing enterobacterales transmission. Journal of Hospital
Infection 2020; 104: 511-512. Letter.

Ross B, Krull M, Rath P, et al. Dialysis drains as a possible source for
carbapenem-resistant pathogens causing an ICU outbreak. Infection 2019;
47: 233-238.

Grabowski M, Lobo JM, Gunnell B, et al. Characterizations of handwashing
sink activities in a single hospital medical intensive care unit. Journal of
Hospital Infection 2018; 100: e115-e122.

Nagpal A, Wentink JE, Berbari EF, et al. A cluster of Mycobacterium wolinskyi
surgical site infections at an academic medical center. Infection Control and
Hospital Epidemiology 2014; 35: 1169-1175.

Johansson E, Welinder-Olsson C and Gilljam M. Genotyping of Pseudomonas
aeruginosa isolates from lung transplant recipients and aquatic environment-

detected in-hospital transmission. Apmis 2014; 122: 85-91.

Decker BK and Palmore TN. The role of water in healthcare-associated

infections. Current Opinion in Infectious Diseases 2013; 26: 345-351.

Williams MM, Chen TH, Keane T, 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. Infection Control and
Hospital Epidemiology 2011; 32: 837-844.

Cuttelod M, Senn L, Terletskiy V, et al. Molecular epidemiology of
Pseudomonas aeruginosa in intensive care units over a 10-year period (1998-
2007). Clinical Microbiology and Infection 2011; 17: 57-62.

Cholley P, Thouverez M, Floret N, et al. The role of water fittings in intensive
care rooms as reservoirs for the colonization of patients with Pseudomonas
aeruginosa. Intensive Care Medicine 2008; 34: 1428-1433.
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Gillespie TA, Johnson PRE, Notman AW, et al. Eradication of a resistant
Pseudomonas aeruginosa strain after a cluster of infections in a
hematology/oncology unit. Clinical Microbiology and Infection 2000; 6: 125-
130.

» Perkins KM, Reddy SC, Fagan R, et al. Investigation of healthcare infection
risks from water-related organisms: Summary of CDC consultations, 2014-
2017. Infection Control & Hospital Epidemiology 2019; 40: 621-626.

« Jeanvoine A, Meunier A, Puja H, et al. Contamination of a hospital plumbing
system by persister cells of a copper-tolerant high-risk clone of Pseudomonas
aeruginosa. Water Research 2019; 157: 579-586.

o Shepherd MJ, Moore G, Wand ME, et al. Pseudomonas aeruginosa adapts to
octenidine in the laboratory and a simulated clinical setting, leading to
increased tolerance to chlorhexidine and other biocides. Journal of Hospital
Infection 2018; 100: e23-e29.

» Breathnach AS, Cubbon MD, Karunaharan RN, et al. Multidrug-resistant
Pseudomonas aeruginosa outbreaks in two hospitals: association with
contaminated hospital waste-water systems. Journal of Hospital Infection
2012; 82: 19-24.

» Crivaro V, Di Popolo A, Caprio A, et al. Pseudomonas aeruginosa in a
neonatal intensive care unit: molecular epidemiology and infection control

measures. BMC Infectious Diseases 2009; 9: 70.

» Fanci R, Bartolozzi B, Sergi S, et al. Molecular epidemiological investigation
of an outbreak of Pseudomonas aeruginosa infection in an SCT unit. Bone
Marrow Transplantation 2009; 43: 335-338. Research Support, Non-U.S.
Gov't.

e Livni G, Yaniv |, Samra Z, et al. Outbreak of Mycobacterium mucogenicum
bacteraemia due to contaminated water supply in a paediatric haematology-
oncology department. Journal of Hospital Infection 2008; 70: 253-258. DOI:
10.1016/}.jhin.2008.07.016.
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Baker AW, Stout JE, Anderson DJ, et al. Tap water avoidance decreases
rates of hospital-onset pulmonary nontuberculous mycobacteria. Clin Infect
Dis 2021; 73: 524-527. 2020/08/24. DOI: 10.1093/cid/ciaal237.

o Sasahara T, Ogawa M, Fujimura I, et al. Efficacy and effectiveness of
showerheads attached with point-of-use (POU) filter capsules in preventing
waterborne diseases in a Japanese hospital. Biocontrol science 2020; 25:
223-230. DOI: https://dx.doi.org/10.4265/bi0.25.223.

e« Qiao F, Wei L, Feng Y, et al. Handwashing sink contamination and
Carbapenem-resistant Klebsiella infection in the intensive care unit: a
prospective multicenter study. Clinical infectious diseases: an official
publication of the Infectious Diseases Society of America 2020; 71: S379-
S385. DOI: https://dx.doi.org/10.1093/cid/ciaal515.

« Park SC, Parikh H, Vegesana K, et al. Risk factors associated with
Carbapenemase-Producing Enterobacterales (CPE) positivity in the hospital
wastewater environment. Applied and environmental microbiology 2020; 86.
DOI: https://dx.doi.org/10.1128/AEM.01715-20.

» Johnson JK, Smith G, Lee MS, et al. The role of patient-to-patient
transmission in the acquisition of imipenem-resistant Pseudomonas
aeruginosa colonization in the intensive care unit. The Journal of infectious
diseases 2009; 200: 900-905. 2009/08/14. DOI: 10.1086/605408.

« Backman L, Dumigan DG, Oleksiw M, et al. A cluster of gram-negative
bloodstream infections in Connecticut hemodialysis patients associated with
contaminated wall boxes and prime buckets. American Journal of Infection
Control 2022. DOI: https://dx.doi.org/10.1016/j.ajic.2022.08.007.

e Pulusu CP, Manivannan B, Raman SS, et al. Localized outbreaks of
Pseudomonas aeruginosa belonging to international high-risk clones in a
south Indian hospital. Journal of medical microbiology 2022; 71. DOI:
https://dx.doi.org/10.1099/jmm.0.001500.

» Russell CD, Claxton P, Doig C, et al. Non-tuberculous mycobacteria: a
retrospective review of Scottish isolates from 2000 to 2010. Thorax 2014; 69:
593-595. 2013/08/30. DOI: 10.1136/thoraxjnl-2013-204260.
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Appendix 5: Literature review search strategy
MEDLINE search 2000 to current

1. exp water/

2. water system*.mp.

3. (tap* or faucet*).mp.

4. (basin* or sink*).mp.

5. drain*.mp.

6. shower*.mp.

7. lor2or3or4or5or6

8. Disease Outbreaks/

9. outbreak*.mp.

10. Waterborne Diseases/

11. nosocomial infection*.mp.

12. exp Disease Transmission, Infectious/

13. 8or9or10o0r11ori2

14. exp Hospitals/

15. exp Health Facilities/

16. healthcare facilit*.mp.

17. healthcare setting*.mp.

18. test*.mp.

19. flush*.mp.

20. 14o0or150r16o0r17o0r18or19

21. 7 and 13 and 20

Limit 21 to English language and humans
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EMBASE search 2000 to current

1.

2.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Limit 21 to human and English language

exp water/

water system*.mp.

exp Water Supply/

(tap* or faucet*).mp.
(basin* or sink*).mp.

drain/

drain*.mp.

shower*.mp.
lor2or3or4or5or6or7or8
outbreak*.mp.

exp Water Borne Disease/
exp Disease Transmission/
nosocomial infection*.mp.
10or1l1or12or 13

exp Hospital/

exp Health Care Facility/
healthcare setting*.mp.
test*.mp.

flush*.mp.
150r16o0r17or 18 or 19

9 and 14 and 20
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CINAHL search 2000 to current

S18

S17

S16

S15

S14

S13

S12

S11

S10

S9

S8

S7

S6

S5

S4

S3

S2

S1

S7 AND S13 AND S16

S7 AND S13 AND S16

S14 OR S15

healthcare setting*

(MH "Health Facilities+")

S8 OR S9 OR S10 OR S11 OR S12
waterborne infection*

nosocomial infection

(MH "Cross Infection")

(MH "Disease Transmission+")

outbreak*

S1 OR S2 OR S3 OR S4 OR S5 OR S6

shower*

drain*

basin* OR sink*
tap* OR faucet*
"water system*"

(MH "Water")
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