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Glossary

XXI

Glossary

Aerosol

Air-conditioning

Augmented care units

Bacteria (Singular bac-

terium)
Biocide

Biofilm

Calorifier/Plate Heat

Exchanger

Cold Water Service

Dead end/dead
leg/blind end

DIPC Director of Infec-
tion Prevention and

Control
Disinfection

Distribution circuit

Domestic Water Ser-

vices

A suspension in a gaseous medium of solid particles, liquid particles or
solid and liquid particles having negligible falling velocity.

A form of air treatment whereby temperature humidity and air cleanli-
ness are all controlled within limits determined by the requirements of
the air-conditioned enclosure.

Primarily paediatric and adult critical care, neonatal and burns units. A
local risk assessment is required to establish if other areas such as re-
nal, transplant and haemato-oncology units should be designated as
unitso.

6augmented care

A microscopic, unicellular (or rarely multicellular) organism.

A substance which kills micro-organisms.

A community of bacteria and other microorganisms, embedded in a pro-
tective layer with entrained debris, attached to a surface.

Apparatus used for the transfer of heat to water in a vessel by indirect
means, the source of heat being contained within a pipe or coil im-

mersed in the water.

Installation of plant, pipes and fitting in which cold water is stored, dis-

tributed and subsequently discharged

A length of pipe closed at one end through which no water passes. Pipes
leading to a fitting through which water only passes when there is draw-
off from the fitting.

The Trust lead on all infection control matters.

A process which destroys or irreversibly inactivates micro-organisms

and reduces their number to a non-hazardous level.

Pipework which distributes water from hot or cold water plant to one or

more fittings/appliances.

Hot and cold water services intended for personal hygiene, culinary,
drinking water or other domestic purposes.
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Hot water service

Legionella pneumoph-

ila

Legionella

Legionellae

Legionellosis

Legionnaires Disease

Pontiac fever

Pseudomonas aeru-

ginosa

Risk assessment

Sentinel taps

Stagnation

Strainers

Thermal disinfection

Installation of plant, pipes and fittings in which (HWS) water is heated,
distributed and subsequently discharged (not including cold water feed

tank or cistern).

One of the causative bacteria of Legionnaires' disease.

Type of aerobic bacterium which is found predominantly in warm water

environments (Singular of legionellae)

The genus legionella belongs to the family Legionellaceae which has
over 40 species. These are ubiquitous in the environment and found in

a wide spectrum of natural and artificial collections of water.

Any iliness caused by exposure to Legionella.

A form of pneumonia caused by legionella bacteria

A disease caused by species of Legionella an upper respiratory illness

less severe than Legionnaires disease.

A Gram-negative bacterium, commonly found in wet or moist environ-
ments. It is commonly associated with disease in humans with the po-
tential to cause infections in almost any organ or tissue, especially in

patients compromised by underlying disease, age or immune deficiency.

Identifying and assessing risk from Legionellosis / Pseudomonas aeru-
ginosa from work activities and water sources on premises and deter-

mining any necessary precautionary measures.

For a hot water service i the first and last taps on a recirculating system.
For cold water systems (or non-circulating hot water systems), the near-
est and furthest taps from the storage tank. The choice of sentinel taps
may also include other taps which are considered to represent a partic-

ular risk.

The condition where water ceases to flow and is therefore liable to mi-

crobial growth.

A coarse filter usually positioned upstream of a sensitive component

such as a pump control valve or heat exchanger to protect it from debris.

Heat treatment to disinfect a system.
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Thermostatic mixing

valve

Total viable counts

Water Regulation Ad-

visory Scheme

Water Safety

Water Safety Group

Water Safety Manage-

ment Plan

Water Safety Plan

Waterborne pathogens

Mixing valve in which the temperature at the outlet is pre-selected and

controlled automatically by the valve.

The total number of culturable bacteria (per volume or area) in a given

sample (does not specifically include Legionella).

A conformance mark that demonstrates that an item complies with high

standards set out by water regulations.

Aspects of the chemical, physical and microbiological condition of water
supplied for domestic purposes (including consumption) and process re-

quirements which has the potential to cause harm to human health

A multi-disciplinary group formed to undertake the commissioning and
development and on-going management of the water safety plan (WSP).
It also advises on the remedial action required when water systems or
outlets are found to be contaminated and the risk to susceptible patients

is increased

The document that is produced by WSG and Estates Department to

manage the water systems.

A risk-management approach to the microbiological safety of water that
establishes good practice in local water distribution and supply. It will
identify potential microbiological hazards caused by P. aeruginosa and
other opportunistic pathogens, consider practical aspects and detail ap-
propriate control measures. WSP®
be kept up-to-date and reviewed whenever organisations make changes

to water supplies, use of water and control measures.

Microorganisms capable of causing disease that may be transmitted via

water and acquired through ingestion, bathing, or by other means.

Liverpool John Moores University PhD Thesis



Acronyms

XXIV

Acronyms

ANSI
AOC

ASHRAE

ASTM
BAC

BREEAM

CDC
CfU/l (or CFU/)
CMS
COSHH
DNA
DWPS
ECDC
EEA
EWGLI
FM

HSE
HSG
HTM
ICU
IHEEM
ISO
LCA

LD
Legionella spp.
Lp
NEAT

NHS

American National Standards Institute
assimilable organic carbon

American Society of Heating, Refrigerating and Air-Conditioning Engi-
neers

American Society for Testing and Materials
British Accreditation Council

Building Research Establishment Environmental Assessment Methodol-
ogy

Centers for Disease Control and Prevention
Colony forming units

Centers for Medicare & Medicaid Services

The Control of Substances Hazardous to Heath
deoxyribonucleic acid

drinking water plumbing systems

European Centers for Disease Control
European Economic Area

European Working Group for Legionella Infections
Facilities Management

Health & Safety Executive

Health & Safety Guidance

Health Technical Memorandum

intensive care unit

Institute of Healthcare Engineering and Estate Management
International Organization for Standardization
Legionella Control Association
Legionnaires6 Disease
Legionella species

Legionella pneumophila

NHS Environmental Assessment Tool

National Health Service
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NSF National Science Foundation

PCR polymerase chain reaction
PDCA-WSP Plan-Do-Check-Act Water Safety Plan
PHE Public Health England

POE point of entry

POU point of use

POWW point of water withdrawal

PPM Planned Preventative Maintenance
PVC polyvinyl chloride

RNA ribonucleic acid

RSPH The Royal Society for Public Health
SBT Sequence-based typing

TOC total organic carbon

uv ultraviolet

VBNC viable-but-not-culturable

VHA Veterans Health Administration
WHO World Health Organization

WMSoc Water Management Society
WRAS Water Regulation Advisory Scheme
WSMP Water Safety Management Plan
WSP Water Safety Plan
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Abstract

This study is the first to evaluate water safety and Legionella prevention from a management level
perspective.]| t i s an organisationds duty to prevent
of people. For that, certain processes are essential to be applied. They should be known by the
people responsible and those, who are involved in any process serving to maintain health and safety,
and to reduce known hazards. This thesis& purpose is to create a significant contribution to
knowledge by creating the first ever suggested framework for England. It makes a distinct and origi-
nal contribution to knowledge as it is easy to understand and provides schemes and document tem-

plates for reference and for application.

The specific aim of this research is to systematically identify the present situation of water safety and
Legionella prevention in water systems in healthcare organisations, i.e. hospitals and hospital trusts
in England. It seeks to create a framework guiding management processes to people responsible to
identify and better understand roles and processes to properly take action for the prevention of water
system related infections caused by Legionella. The focus of the research lies in organisational struc-
tures from the point of view of Estates and Facilities Management. It analyses the current state of
the process of Legionella prevention with a focus in England and with a different way of looking at
the problem. In research papers the topic is neither very prevalent nor easily accessible at manage-
ment levels. Methodology is built on a mixed methods research design and a multilevel triangulation
approach. An embedded design applies cases for analysis, that have been empirically collected dur-
ing an exploratory first phase with cases in the UK, Germany and Switzerland. A consecutive country-
specific phase fosuing the research more specific was applied for England. Data from interviews and
documents was collected and analysed during the exploratory phase, which had a focus on taxon-
omy and to explore job descriptions and factors in hospitals that have a thematic connection to Le-
gionella, risk management and water systems for the purpose of water safety management. This
phase was also necessary to test the fluency of the procedures selected for data collection and verify
and confirm the case strategy chosen. Research of the following phase collected and analysed data
from interviews, a survey and documents. The specific focus of this phase was to find patterns, define
coding structures, build categories, analyse and compare content by applying cycles of content anal-
ysis to find levels of abstraction to create a draft version of a framework, which underwent a validation

step in a final focus group by experts in the field of risk management and water safety.

Throughout the research process, the findings present a systematically reviewed and analysed pic-
ture of procedures of water safety management. It applies stakeholder analysis as well as process
analysis, demonstrating levels of collaboration, risk management procedures, process management,

quality management, environmental management and knowledge management.

The dissemination ofisa hfer ameveaWdehdbfisty fheaayem@nt, Le-
gionella prevention and risk management in hospitals: a framework for Estates and Facilities Man-
agement in Englanda It aims at closing the gap between theory and practice and complies with best
practice. It translates given obligations into the professional field of Estates and Facilities Manage-

ment and should be made available for transferring knowledge.
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1 Introduction

At the very beginning of this research it is crucial to understand the subject of interest. This research
may be denoted as a journey which requires investigative skills to chase hazards invisible to the eye.
Those hazards are caused by a certain type of bacteria, termed Legionella. We may not forget that
we, humans, are only one part of the whole eco-system on the shared environment of earth, in which
certain bacteria are essential to life and others are not. Humans and bacteria share a common envi-
ronment and interact. Humans are the result of their environment. Thus, a responsible and aware

intercourse should guide and determine the way they act.

Becoming aware of that, J.P. Frank and M. von Pettenkofer constituted the science of hygiene at the
end of the 18™ century. It is defined as the entirety of all efforts and measures to prevent diseases
and any damage to health of individuals and of the community (GBE, 2016). It includes infectious
diseases and epidemics, which are caused by social coexistence. Furthermore it includes occupa-
tional hygiene, which considers emerging or impending diseases. Hygiene is closely linked with mi-
crobiology, which applies certain subject-specific terms and expressions. Some essential terms are

explained in the glossary of this thesis.

1.1 Research Context

The research context is in health care. It is rooted in the topic of the presence and prevention ot the
potential pathogeneous bacteria Legionella in drinking water systems. The research contextualises
in an exploratory first phase cases present in England, Germany and Switzerland. A consecutive
country-specific phase fosuses the research topic more specifically for England only, as a conse-
quence of preliminary findings and the aim of creating a specific framework for England. Framing
elements specify hospitals, infection prevention, business management, estates and facilities man-
agement, stakeholder management, process management, water safety management, risk manage-

ment and knowledge management.

1.2 Problem

There is no evidence-based research focusing on the process of Legionella prevention in water sys-
tem management in hospitals, seen from the Estates and Facilities Management or Facility Services
perspective, in the context of management levels. As monitoring strategies in health care organisa-
tions have moved on from considering only Legionella from a water system management perspec-
tive, the output of this work may also be contextualised to extending management practice for Le-
gionella prevention to water safety per se (to include for example Pseudomonas aeruginosa and
environmental myco-bacteria). Where possible, levels of abstractions took general management
considerations in order to raise awareness for water safety management issues. Nevertheless, the
focus of this research will be on Legionella. Since the introduction of the new Health Technical Mem-
orandum in the context of the United Kingdom, the focus has changed from a management perspec-

tive to the multidisciplinary water safety group and water safety plan. Though the interpretation of
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what is required is not standardised. Based on the apparent research problem, the following research

question was proposed.

1.3 Research Question

By iteratively answering four defined subquestions (SQ1-SQ4), decisive elements will be investi-
gated and help guiding through the research process and the procedures of analysis as well to an-

swer the research question (RQ).

Four subquestions
1 SQL1: Are there processes defined in hospitals in terms of Legionella prevention in water sys-
tems?

U0 Explanations to SQ1: It may consider governance underpinned by policies at Trust or hos-
pital level for water management. It may also cover operational procedures as separate
processes.

1 SQ2: Who are the process owners and what are their roles and duties from the perspective of

Estates and Facilities Management and Facility Services processes?

1 SQ3: Are there points of overlapping duties and how can they be identified or be character-
ised?

U Explanations to SQ3: There might be a need for evidence in clarifying duties or responsibil-
ities / lines of accountability or operationally.

1 SQ4: Are there management strategies comparable between organisations (hospitals)?

Research question
1 RQ: With the perspective of Estates and Facilities Management and Facility Services, is there
a possible generalisable or transferable «process» of Legionella prevention in water systems in

hospitals or is risk management subject to parameters or criteria specific to each organisation?

1.4 Research Aim

The aim of this research is to systematically reveal the present situation of Legionella risk manage-
ment and prevention in water systems in selected organisations (hospitals) in healthcare and cre-
ate a framework guiding people responsible for Estates and Facilities Management in healthcare
organisations to identify, understand and properly take action on Legionella prevention and risk

management for water safety.

1.5 Research objectives

This research aims at achieving the following research objectives:

(2) to identify stakeholders involved in the process of water safety management, Legionella preven-
tion and risk management in hospitals,

(2) to analyse fields and functions of responsible management in the process of water safety man-

agement, Legionella prevention and risk management in hospitals,
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(3) to identify and analyse processes in water safety management, Legionella prevention and risk
management in hospitals from the perspective of responsible management, with special interest in
Estates and Facilities Managementand stakeholders (focus: non-clinical),

(4) to review and consider current state and conformity to standards, legislation and regulations.
The discussion therefore spots on risk management from an Estates and Facilities Management
perspective,

(5) to identify points of overlapping duties in the process of Legionella prevention in water systems,
(6) to identify similarities and differences between hospitals in the process of water safety manage-
ment, Legionella prevention and risk management with respect to management responsibilities by
roles, commitment to role, and process elements.

In order to achieve the objectives, the following concept of the empbedded reseach design with cases
will be applied (Figure 1-1). As the framework will be an output guided by the objectives, itis essential
to refer to the logic given by the sequential exploratory mixed mehods research for understanding
the steps of analysis and interpretation (Figure 6-3). The systematic way of how the objectives feed
answers to the research subquestions, applying different research procedures, are presented in Ta-
ble 6-15, Table 6-16, Table 6-17, and Table 6-18. Specific strategies of selected phases of how
analysis of questions deliver answers to research subguestions are presented in Table 6-19, Table
6-20 and Table 6-21.

Exploratory ‘Research results output
phase UK phase : : : : B
(UK, GER, (England)
Sul)

Analysis

Content Stakeholder
onen and process
analysis

analysis
Validation Validation

Phases Ib and Il m

Phase detail

Phase la

Interviews,
documents

. Interviews, survey
Data collection Focus group
documents

England
11 (phase Ib)
16 (phase II)

No. of cases 3 UK, 3 GER, 2 CH

Figure 1-1: Concept of embedded research design with cases

1.6 Purpose

There are two joint purposes with the research. The first is to identify, qualitfy, quantify and under-
stand the existing process and the process owners and suggest a concise, yet fully elaborated best

practice guidance. The second purpose is to develop a process-based framework for estates and
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facilies management. This framework intends to give guidance for management levels, explaining
by a process-map and stakeholder analysis as core elements, the Legionella water safety risk man-
agement and prevention process in healthcare facilites in England, taken from the perspective of
practitioners in hospitals being responsible for estates and facilites management. It shall further be
possible to measure compliance to the framework by benchmarking practices. Through the encour-
agement of people responsible for measuring their level of compliance against the given framework
may bring more transparency and motivation into competing with the sometimes underestimated and

multifaceted topic of the presence of Legionella in the built environment.

1.7 Significance of the research

This framework closes the gap between the identified need for guidance on Legionella prevention in
hospitals at management level from the perspective of Estates and Facilities Management, detected
in the literature review. Thus, the study is the first to evaluate water safety and Legionella prevention
from a management level perspective. The di ssemination of the r
framework, closing the gap between theory and practice whilst complying with best practice. This
research represents a significant contribution to the body of knowledge of the research field by en-
hancing the understanding of the process of Legionella prevention and risk management, seen from
an estates and facilities managment perspective. It provides evidence of originality as it faces a topic
of practical relevance, which is rooted not solely in the core facilites management business, but, as
it is typical for estates and facilites management, is closely connected with different requirements,
disciplines, stakeholders and processes of the organisation. It is strongly interwoven with risk man-
agement, safety and security, quality management, environmental management and maintenance
issues in the healthcare sector, specifically with hospitals. Furthermore, it debates the role of estates
and facilites management in the area of tension between clinical and non-clinical processes. It utilises
predominant theories and methods of case study research and business research to create a frame-
work for estates and facilites management, sharing evidence fromapr act i t i oner Eé
work will aid responsible management persons and generate new significant knowledge about pro-
cesses. It translates given obligations into the professional field and should be made available for
transferring knowledge. Itis especially designed for hospitals in England, as data for the development

of the framework content refers to that national context.

1.8 Limitations
This research project has the following limitations:

1 Research is a mix of case study research and survey study research with the aim of finding
generalisations, but a statistically reliable generalisation it is not possible. In this research
transferability was favourably considered instead of trying to achieve generalisation. Never-
theless,an out put doc umébasded ofitherresutie ol the rkséarch phases, is
being compiled as a potential first step towards more generalisation. It shall be understood
as a guiding document for professionals to critically review and question their own pro-

cesses.
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1 Case definition is tailored to the business environment of hospitals.
1 Researchis, in its ultimate output, limited to the national context of the United Kingdom, with
a focus on England.
T This research project may al so rea@prgeet anesachr e n e
scientific discussion, presentation, publication, interview, where the researcher tested and
shared growing expertise, sensitised third parties. This effect cannot be measured, but is a
possible hypothesis because of the duration and magnitude ofther e sear cher 6 s e x

progress.

1.9 Delimitations

There has been no interruption in the course of research. An embedded design applies cases for
analysis, that have been empirically collected during an exploratory first phase with cases in the UK,
Germany and Switzerland. This was due to the fact that the researcher had directed his interest in
recent years primarily towards German-speaking countries and now wanted to widen the focus on
the English-speaking country of England. To better understand the real cases, experience was made
and data collected in a pilot study and in three different countries to compare given situations and
learn about the perspectives of responsible management and practitioners. Being equipped with
business perspectives research focuses in the next step on the context of interest, which is England.
In order to become aware of and to get to know the differences ot the topic of interest present in the
different countries including technical, constructional and organisational standards and cultures,
phase la was necessary, helpful and gave orientation. Phase la was also specifically for testing the
fluency of the procedures selected for data collection and verify and confirm a case strategy chosen
(see chapters 6.5 and 6.9.2). Consecutive country-specific phases Ib, Il and Ill set the focus of the
research specifically on England, where data for analysis following the research phase la originated.

The final output of the research project is thus reduced to the national context of England.

1.10 Organisation of the thesis

Where considered appropriate, chapters close with a summary or with conclusions and recommen-

dations that synthesise statements that have been brought up within the body of each chapter.

Chapter 1, as already presended, introduced the research context and outlined the research prob-
lem. After highlighting the research question, the research aim, objectives and purpose have been
presented. The significance of research as well as delimitations and research interference were com-

mented on.

Chapter 2 discusses the diagnosis of Legionmaire
clinical and non-clinical areas of healthcare. These active areas of research will require continued
investment in order to improve the management of Legionella in water systems. The chapter also
takesafocuson t he surveill ance pdelected @inuiesaawel asthéend-i s e a
ronmental monitoring of Legionella that is becoming more common in built water systems. The quan-
titative threshold of Legionella concentration, above which action must be taken, and the role of

guantitative microbial risk assessment, are extensively examined in this chapter.

Liverpool John Moores University PhD Thesis



Introduction 6

Chapter 3 contextualises the built environment and directs the perspective on Estates and Facilities
Management of hospitals and hospital Trusts. The chapter considers existing strategies used to con-
trol Legionella, including the use of heat, biocides, flow control, aerosol formation prevention, and
distal devices, along with their application in several typical built environments. The chapter also
describes what is known about the efficacy of different control methods and their potentially unin-

tended consequences.

Chapter 4 reviews the array of laws, regulations, codes, standards, and guidance documents that
relate to Legionella management, both in the countries in which the research was based and abroad.
It includes monitoring parameters and reflects how these various policy tools can be applied to better

protect the public from legionellosis.

Chapter 5 summarises essential findings from the literature review of chapters 2, 3 and 4, and bul-
letpoints focus topics of this research. This chapter is therefore a condensation of chapters 2, 3 and

4, which breaks down the focus of the research project to a few key terms and main fields of interest.

Chapter 6 introduces the methodology chosen for achieving the research objectives. It begins with
an introduction of a summary table to present a picture on core elements of methodology applied. A
specific reference to standards for reporting qualitative research is considered in order to organise a
structure for the methodology chapter and to achieve completeness. Each chapter explains what is
applied in the research design of this research. Data triangulation and transferability of the findings
into the environment under investigation, ethical considerations, and reflections made by the re-

searcher close chapter 6, with a summary.

Chapter 7 presents the results and analyses structured for each research phase. Results are pre-
sented in different ways for qualitative and quantitative data visualisation. An aggregated analysis
combines findings over different research phases and puts a focus on process and stakeholder iden-
tification and analysis. An early version of the framework has been developed, presented to and

critically reviewed by a focus group. According to comments revisions were made.

Chapter 8 describes the final research output compilation, a framework t i t \Watedsaféty manage-
ment, Legionella prevention and risk management in hospitals: a framework for Estates and Facilities
Management in Englanda The framework has been complemented according to the commented and

intended revisions of chapter 7.7.

Chapter 9 presents the conclusion with a review on the research process, a review on the research
objectives, and the answer to the research question. The applicability of the framework is evidenced
by comments from the validation phase, followed by highlighting the significant contribution to

knowledge of this research.
Chapter 10 puts the view beyond and brings up ideas for further research.
Chapter 11 lists all references used in this thesis.

Chapters 12-17 presents the appendices, providing futher details and additional information about

what has has been referenced to elsewhere in the text body of this thesis.

Liverpool John Moores University PhD Thesis



Background one - Legionella, infection, healthcare 7

2 Background one - Legionella, infection, healthcare

This chapter introduces the complex ecology niche of Legionella in both natural and built water en-

vironments, and common exposure pathways in clinical and non-clinical areas of healthcare.

2.1 Legionella-aignificant topic

After a brief characterisation of pathogens and Legionella, this chapter presents aspects on the sur-

veillance of Legionnairesdé disease and the role

2.1.1 Pathogens

There exist different hygienically relevant microorganisms in drinking water systems. Two categories
of hygienically relevant microorganisms can be distinguished:

(1) Microorganisms with pathogenic properties which have been shown to be associated with

water-related illness and outbreaks, and

(I) Bacteria which are primarily used as index and indicator organisms in water analysis,
indicating the presence of pathogenic organisms of faecal origin (index organisms) or indi-
cating the effectiveness of water treatment processes as well as integrity of water distribution
systems (indicator organisms) (WHO, 2006).

Quite a few opportunistic bacterial pathogens naturally occur in aquatic environments. These bacte-
ria include Aeromonas spp., some coliforms (Citrobacter spp., Enterobacter spp., Klebsiella pneu-
moniae), Legionella spp., Mycobacterium spp. and Pseudomonas aeruginosa. They are able to per-
sist and grow in biofilms of drinking water systems, sharing a microbiological microcosmos as a niche

of life provided in biofilms (Wingender and Flemming, 2011).

2.1.2 Legionellai epidemiological considerations

The following chapter summarises basic characteristics to better understand the ecology niche of

Legionella, its infection of people, the transmission, identification and detection of sources.

2.1.2.1 Legionella - bacteriology, ecology and environmental sources

Legionellaspp.i &pp.6i s an abbreviation f dspp., (hsl.p eacciGeam-degd-p | . )
tive, rod-shaped, non-spore-forming bacteria. Legionellae are obligate aerobes and seem to be able
to appear anywhere in places of advantageous conditions (Bartram et al., 2007 p.29). They can
survive in moist environments for long periods of time and they can also resist temperatures of 6-60
°C and a pH range of 5.0-8.5 (Diederen et al., 2007) (HSE, 2013). Growth seems to be favoured by
water temperatures between 20 and 42 °C. Below 20 °C the organisms do not seem to multiply.

Above 60 °C they will not survive in the environment.

Although it is commonly accepted that legionellae start proliferation at temperatures above 20°C,
their growth rate at temperatures below 25°C is still very low. In cool water they may, however, remain
inactive up to the point when water temperatures reach a suitable level for growth (HSE, 2013).

Water systems of hot and cold water in buildings operate within a temperature range that matches
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thermal growth conditions of L. pneumophila. A proliferation inside the water system and a potential
threat to the health of people cannot be excluded when the bacteria is being released from the sys-

tem. The bacteria may exert its pathogenic potential in a host under certain circumstances.

2.1.2.2 HistoricalfactsonL e gi o0 n ndisease s 6

Legionnairesd disease was first identified whol

attended an American Legion convention in Philadelphia in 1976. The outbreak caused 29 deaths of
people (McDade et al., 1977). The outbreak was characterised by a large number of cases of pneu-
monia that can be associated with generalised sepsis. A bacteria was identified as the causative

agent and subsequently termed L. pneumophila (McDade et al., 1977).

Legionnaires6é disease is an important but rel
substantial morbidity and mortality. First recognised more than three decades ago, only modest pro-
gress has been made in the investigation, clinical and incident management, and public health re-

sponse to cases and outbreaks (Fraser et al., 1977).

2.1.2.3 Transmission and risk factors

The transmission of Legionnairesé disease is
containing Legionella spp. There is no evidence found of a person-to-person transmission (Correia
Ana M. etal,2016). Susceptibility to Legionnaireso di
chronic cardiovascular or respiratory disease, diabetes, alcohol misuse, cancer, and immunosup-
pression (Den Boer et al., 2006, Plouffe and Baird, 1981, Rosmini et al., 1984, Marston et al., 1994).
For infected people a mortality rate of 8-12 % is typical but might be higher in people belonging to
certain risk groups. Those are for example people who are elderly, those who have pre-existing
medical conditions, smokers, nosocomial cases, or people who suffer a delay or miss a correct di-
agnosis and treatment of their disease (Dominguez et al., 2009). The average case-fatality rate is 10
% in Europe (ECDC, 2013, CDC, 2011). In nosocomial cases the case-fatality rate is higher and
ranges between 15 % and 34 % (ECDC, 2013, CDC, 2011).

2.1.2.4 Identification and diagnostic in patients

For a period of several decades the consensus was that serology offered a reasonably sensitive and
specific primary diagnostic method. The method is characterised by standardised reagents and ap-
propriate control sera. However, the diagnostic method is subject to controversies about (a) the
choice of the method for antigen preparation and (b) the question whether whole or subclass-specific

immuno-globulin concentrations should be measured (Wilkinson et al., 1983, Harrison et al., 1987).

Not |l ong after the outbreak of L egilLopneuraophilairstiie
urine of patients was first described as a diagnostic method (Farshy et al., 1978). It was not widely
accepted as a routine diagnostic method and thus not incorporated in international case definitions
until the mid 1990s (Plouffe et al., 1995). In the UK, the prevalent assays between the early 1980s

and mid 1990s were the indirect IFAT and the rapid microagglutination test.
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Background one - Legionella, infection, healthcare 9

Phin et al. (2014) conclude that most positive results obtained with commercial kits are of no diag-
nostic value. Data estimate a positive predictive value of only about 50% with even the best com-
mercial assay (Elverdal et al., 2013). In contrast, several reasonably reliable commercial kits are
available for routine use (Harrison and Doshi, 2001), (Dominguez et al., 1999). In 2014 Phin et al.
find, that Urinary antigen detection accounts for 70-80 % of cases that are diagnosed in Europe and
the USA (ECDC, 2013, CDC, 2011). Reliance on urinary antigen detection has limitations. The most
substantial limitation of assays is the poor sensitivity for legionellosis caused by non-L. pneumophila
strains. Sensitivity in routine use is, at best, 80-90% for the diagnosis of community-acquired Legion-
nairesd di s e & eeunophilasseragroup yl strains. In contrast, sensitivity for Legion-
nairesd di seas &.poeamophdadstramyis lesg thae 50 % (Helbig et al., 2003, Svarrer

etal., 2012).

It is observed that sensitivity of culture varies widely among different laboratories. But in cases in

which clinical awareness is high, it is in the order of 50-80 % (Winn, 1993, Harrison et al., 1987,

Mentasti et al., 2012). Whenseenf r om a gl obal perspective, mo st

relate to L. pneumophila and serology or PCR might be used as primary diagnostic test (Phin et al.,
2014). The diagnostic 6gold standardé is culture
Importantly, isolation of the infecting strain allows epidemiological typing to be done, which provides

valuable data for the control and prevention of further cases (Phin et al., 2014).

The number of Legionella species and serogroups known increases continuously. There are cur-
rently known more than 50 species comprising 70 distinct serogroups (WHO, 2011). There have
been documented about twenty species of Legionella as human pathogens (Diederen et al., 2007).
This characterisation for being pathogenic is on the basis of their isolation from clinical material.
Legionella can be enumerated by applying specific methods (ISO, 2017a). Some species of Le-
gionella are a common cause of infection, others are only isolated from the environment and do not
bear a potential of infection. By nature, Legionella spp. is a ubiquitous bacterium. They can be found
in natural aquatic environments such as streams, rivers, ponds and lakes. Furthermore they may be
present in moist soil or in mud, where they occur in relatively low numbers, but are also present in
built environments, e.g. water supply in buildings (WHO, 2011).

2.1.2.5 Transmission and spread with epidemiological relevance

An Infection with Legionella in humans is caused by inhaling contaminated airborne small-size water
droplets, termed aerosols (Duncan et al., 2011, Fields et al., 2002). In the context of buildings those
droplets origin from different aerosol-producing reservoirs such as air-conditioning units, cooling tow-
ers, sink taps, whirlpool spas, and showerheads (Reuter et al.,, 2013). Out br eaks of

diseases caused by exclusive aerosol transmission can be read in numerous examples as reported
by Phin et al. (2014) presenting a selection of notable worldwide outbreaks of Legionnaire's disease
from 1976 to 2012. Especially in epidemics where a cooling tower, water spa, water fountain, or
water mister were identified as the source of disease (Fields et al., 2002). Legionellae are able to
proliferate in humans. This is closely linked to the virulence character of legionellae. Therefore, the
virulence of L. pneumophila not only causes an infection, an infection can also depend on the sus-

ceptibility of the host (Bartram et al., 2007).
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Al t hough uncommon, Legionnaireso dbreaksafpulicbealtht i nu
signific anc e . Legionnairesd disease i-a&quieedand hoppial-adc-a nt
quired (=nosocomial) pneumonia. The disease is caused by any species of the Gram-negative aer-
obic bacteria belonging to the genus Legionella; Legionella pneumophila serogroup 1 is the causative

agent of most cases in Europe (Phin et al., 2014).

Various efforts are in place to counteract, to learn and to sensitise the people about interactions
between pathogens and the shared environment. The endeavour of the European Working Group

for Legionella Infections (EWGLI) is to better protect the health of people in European countries by
improving detection and control of infection sources (Ricketts et al., 2010). In Europe, there is a
coordinated surveillance scheme for Legionnaires
Centre for Disease Preventionand Control ( ECDC) publish annual report
Itis recommended that national surveillance units consider ways of raising awareness amongst front-

line clinical staff. In2011theage-st andar di sed notification r apee of
million people within Europe. Among the countries there was a wide variation with a reported range
between 0.0 and 21.4 per million people (ECDC, 2013). These rates have not changed since 2005,

except for small year-on-year variations (ECDC, 2013). The highest numbers of reported cases are
consistently observed in France, Italy, and Spain (ECDC, 2013, ECDC, 2011, ECDC, 2012).

For the year 2012, t he surveill ance report from the ECDC st
disease were reported by EU Member States, Iceland and Norway. Of the 29 countries involved, six
countries accounted for 84 % of all notified cases. Interestingly these countries practise a certain
level of awareness and run reporting systems on Legionella (ECDC, 2014). 69 % of the notified cases
were community-acquired, 20 % were travel associated and 8% were linked to healthcare facilities
(ECDC, 2014). Healthcare facilities are usually visited by immunocompromised people or people
who need a medical operation. Thus they constitute a risk group whose environment should meet
certain requirements of hygiene, monitoring and risk assessment to contribute to preventive
measures. In Europe, approximately 70 % of Legionella infections are caused by Legionella pneu-
mophila serogroup 1. Other serogroups count 20-30% of Legionella infections. Between 5 and 10 %
of Legionella infections are caused by non-pneumophila species (Bartram et al., 2007, Mencacci et
al., 2011). However, Borella et al. report that L. pneumophila serogroups 2i 14 and other species
prevail in the environment, including hospitals (Borella et al., 2004, Borella et al., 2005). The question
of why L. pneumophila serogroup 1 is so predominant among clinical isolates is unknown (Spagnolo
et al., 2013). Taking the view towards the distribution of L. pneumophila serogroups in the environ-

ment little is known about influencing ecological factors.

2.1.2.6 Epidemiological typing

Epidemiological typing is extremely important for linking cases to a specific source and to take
measures against the outbreak. However, if not done carefully, false conclusions incorrectly link a
potential sourcetoacase.Epi demi ol ogi cal typi ngowtabnr @sldikssbél.,i d e nt
2012, PHW, 2011). If clinical samples are not available, or access to this information is refused, it is

still useful to collect environmental samples. They give a good basis for an assessment to confirm or
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rule out the presence of Legionella spp. In combination with a complete risk assessment, the infor-

mation about the environment can help assess the likelihood of any suspicious system as a potential

source. Spatial analysis and mathematical modelling techniques may assist in directing investiga-

tions. Such methods include cluster analysis, infection window analysis or attack ratio analysis. They

are recognised as a good chance to enhance traditional investigation techniques. However, they

require good case data to rely on (Den Boer et al., 2002, Sansom et al., 2013, Egan et al., 2011,
Whiteetal.,2013).Most Legionnaires6 disease is caaegoelth by
strains recovered from the environment. Some strains are widespread (e.g. strain ST1), others seem

to be restricted to particular regions, e.g. strain ST47, which is observed in northern Europe (Harrison

et al., 2009, Kozak-Muiznieks et al., 2014).

2.1.2.7 Clinical manifestations and diagnosis of legionellosis in patients
In clinical contexts Legionellosis presents as two distinct clinical forms (Boshuizen et al., 2001):

T Legi onnai r ésldgiongliosse @sewere multisystem disease involving pneumonia

1 Pontiac fever: a self-limited flu-like illness

2128 Clinical Presentation and Management of Le
Legionnairesd disease is a notifiable disease in
diately to the public healthauthor i ti es. Al though Legionnairesé dis

als, it occurs more frequently in those with predisposing risk factors.

Because of the high mortality and morbidity assoc«
ties to be set for clinical management are (Viasus et al., 2013, Chidiac et al., 2012, Eliakim-Raz et
al., 2012, Mandell et al., 2007, Levy et al., 2009, Levy et al., 2010, Zumla et al., 1988, Cunha, 2008):

early diagnosis and prompt treatment with effective antibiotics
appropriate management of complications (such as respiratory failure, renal failure, and CNS
involvement)

1 the management of underlying co-morbidities and risk factors.

An effective management is dependent on clinical physicians who consider the possibility of Legion-
nairesd disease in patients. Especi al | yystemillngssat i en
with fever at all points of care (Viasus et al., 2013, Mandell et al., 2007). Due to the fact that Legion-
nairesd disease presents as a range of <clinical
with defining clinical features that can be identified and specifically be connected with a precise case
definition (Viasus et al., 2013, Levy et al., 2009, Levy et al., 2010, Cunha, 2008). A single diagnosis

of Legionnairesdé disease, or ahe pHysicarstd thespassilgeier-i o u s
istence of other cases related in place or time. This key moment might be crucial for the early iden-
tification of a potential source of infections (Zumla et al., 1988). For this reason, tracing and uncov-

ering historical information that might contribute to the management of the case(s), should include a
detailed enquiry. A link to an exposure to aerosolised water droplets that potentially came from the

environmental setting in a period of the previous 10 days coild be one trace.
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Furthermore, a detailed history of the recent movements of the patient is recommended. Following

those traces contributes to the epidemiological follow-up.

2.1.2.9 Investigation of outbreaks of Legionella

Most cases of Legionnaireso6 di srmems Hevditieless, clastespor a
warranting investigation and point source outbreaks can occur. It is reported that sometimes those
outbreaks may have substantial implications for public health (Garcia-Fulgueiras et al., 2003). There

is an explicit motivation for investigation of Le
point-source has the potential to release contaminated aerosols over a wide area to which large
numbers of the population might be exposed to. Several outbreaks of broadly investigated exposures

are reported (Garcia-Fulgueiras et al., 2003, Bennett et al., 2013, Castilla et al., 2008). In some of

them the particular cause was seen in cooling towers. Outbreak investigations report evidence of a

distant source of infection up to 15 kilometers from cases (Phin et al., 2014, Nygard et al., 2008, Nhu

Nguyen et al., 2006, White et al., 2013). However, many outbreaks show a shorter distance of dis-

persion (Garcia-Fulgueiras et al., 2003, Castilla et al., 2008). Environmental conditions as well as
physical geography may play a role in ddRhieetali ni ng
2014).

The implementation and operation of effective surveillance and notification systems are fundamental

and aid an early identification of notable outbreaks to reduce the fatality rate and identify suspected
sources (Phin et al.,, 2014 p.1016). The expl osive character of the
which can produce hundreds of cases within days, experiences a shift to monitoring and professional
management, which contributes to civil protection (Garcia-Fulgueiras et al., 2003, Den Boer et al.,

2002, Castilla et al., 2008). An effective control of outbreaks of Legionnai r es 6 di sease
short delay in ascertainment of descriptive epidemiological (clinical and environmental) data. It re-

quires links to microbiological information to reliably identify the actual source and implement control

measures.

Rapid investigation with appropriate methods and the implementation of control measures result in
lower case-fatality rates. This development has been attributed to several outbreaks (Castilla et al.,
2008, McCormick et al., 2012). To draw an entire epidemiological picture and identify links in time
and location, detailed case histories are necessary. This would need the systematical collection of
information, complemented by standardised questionnaires, which seem necessary and are seen as

an effective tool.

2.1.2.10 Underreporting of cases

In the 2014 ECDC report (ECDC, 2014), which summarizes statistical data of 2012, it was stated

that there are two main reasonswhy Legi onnairesd disease is thoucq
countries mentioned: (a) insufficient diagnosis by clinicians, and (b) failure to notify health authorities.

This is interesting against the backdrop of the disease being registered in all European Union (EU)

and European Economic Area (EEA) countries. In 2012, there were 401 reported cases for the UK

and 412 in the year 2015. For Germany the report presents 628 reported cases in 2012 and 867 in

2015 (ECDC, 2018).
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In many countries, the total number of cases is probably higher than notification data. This assump-
tion arose from present underdiagnosis and definition and surveillance issues (Phin et al., 2014).
Any transmission and infection occurs via inhalation from aerosols coming, for example, from show-
ers. In hospital environments, respiratory therapy devices, warm-mist humidifiers or ventilators may

provide pathways of transmission (Hines et al., 2014). While measures to prevent hospital-associ-

ated | egionellosis have been in place for some

disease have been reported to come from the community (Beauté et al., 2013, CDC, 2013). But

hospitals represent ideal locationsforLegi onnai res 6 di sease tr archkapérssi o

2.3.

2.2 Hospital trust and the NHS

According ot Oxford learner6 s di ct i onar i e sanorganibatos fhat tures la public hos- t
pital for the National Health Service in B r i t(ldospitad-trust, (n.d.)). It was a decision made by the
British government to make hospitals responsiblef or t hei r own management
2004 the government introduced a new type of organization in England called the foundation trust or
foundation hospital. Hospitals that achieve a high level of service can apply for foundation status,
which gives them the right to raise their own finances, for example, by selling assets or borrowing

mo n e(kaspital-trust, (n.d.)).

The Trust as employers have a general duty under The Health and Safety at Work Act etc. 1974
(HSWA) to ensure so far as is reasonably practicable, the health, safety and welfare of all their em-
ployees.

HSWA 2(1) requires employers to:

provide and maintain plant and systems of work that are safe and free from health risks
make arrangements for ensuring safety and the avoidance of health risks in connection with
the use, handling, storage and transportation of articles and substances [HSWA 2(2)b]

1 provide such information, instruction, training and supervision to ensure the health and safety
at work of their employees [HSWA 2(2)c]
provide a safe working environment [HSWA 2(2)e]
those in control of premises must ensure that they are safe and that any plan or substance
do not endanger health of all persons at work and the general public [HSWA 4]

As laid down in degionnaires' disease - The control of Legionella bacteria in water systemsd Ap-
proved Code of Practice and guidance on regulations L8 (Fourth Edition) 2013 (chapter 4.5.3) and
Health and Safety Guidance 274 Parts 1-3 2013 (chapter 4.5.4), the Trust management is required
to:

Identify, review and assess sources of risk of infections from Legionella bacteria
Prepare a scheme for the continuing prevention/control of the prevailing risk
Review, revise, implement and manage precautions

Keep records (for at least five years) of the precautions implemented

= 4 4 A -

Appoint competent person(s) to help take measures to comply with the law
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To get these demands realised in a Trust or a hospital becomes even more challenging. Increasing
numbers of NHS providers are facing financial difficulties. The latest numbers for 2018/2019 show
that 48 per cent of all trusts are planning to end the year in deficit (TheKingsFund, 2019b). A shift in
national policy towards providing care outside of hospital has seen a reduction in the number of
hospital beds (TheKingsFund, 2019a). Hospital beds are only one component of health care. Most
health care is delivered without using a hospital bed, because beds rely on staff and associated

equipment [and also the built environment and infrastructure] to deliver care (TheKingsFund, 2017).

2.3 The hospital environment

It is crucial to understand that safe water in the hospital environment was, is, and will be vital to
ensure patient safety and reduce costs for the organisation. One might ask why it may reduce costs.
The answer can be found when focusing on waterborne infections and must be considered in a long-
term perspective. Waterborne infections might occur seldom compared to other disease outbreaks.
But when they appear, they cause increasing morbidity, mortality and treatment costs due to ex-

tended hospital stays and impending compensation claims.

Furthermore, the image and trustworthiness of an organisation might be damaged, when an outbreak
was referred to building-specific defects of their own organisation and there was not everything pos-

sible done in terms of risk management, control and prevention.

2.3.1 Occurrence of Legionella and the healthcare context

Infections caused by non-pneumophila species of Legionella and non-serogroup 1 Legionella pneu-
mophila are frequent in hospitals (Lin et al., 2011b). The manifestation o f Legionnaires:i
ranges from a mild respiratory illness to a rapidly fatal pneumonia. Incubation period ranges between
2 and 19 days, but shows a median of 6 days (Bull et al., 2012). Death occurs through progressive
pneumonia with respiratory failure and/or shock and multi-organ failure (McDade et al., 1977). Cer-
tain risk factors promote an infection with Legionella. According to Wright et al. (2012) the major
mode of transmission of Legionella is aspiration. Thus, some patient groups are at a greater risk than
others, especially when having a chronic lung disease (e.g. chronic respiratory) or when undergoing
a surgery which requires general anaesthetic. Seen from a global viewpoint, the age and sex distri-
bution of cases of Legionnairesd disease are si mi
older people, which are 74-91% of patients aged 50 or older. In most of the cases males are infected.
Per female patient there are 1.4-4.3 male patients registered (ECDC, 2013, CDC, 2011, Ng et al.,
2009, Graham et al., 2012, Ozeki et al., 2012, Lam et al., 2011). Other groups with a higher risk of
infection may be seen in smokers and people with certain occupations (Bull et al., 2012). Benin et
al. (2002) differ the occurrence of legionellosis into (a) sporadic, (b) nosocomial or (c) large outbreaks

or parts of lager outbreaks.
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2.3.2 Infections in healthcare facilities

Legionnairesd disease can be caused by inhalati or
taminated water (Heesemann, 2012). Aerosols can occur both inside and outside buildings. Their
presence is typically associated with water systems of cooling towers, heat exchange systems, show-
ers, swimming pools, thermal spa or similar situations that create small-size water droplets accessing
the environment (Lagana et al., 2014). When being distributed, aerosols find easy access to individ-
uals via their airways. If aerosols contain Legionella, they potentially infect people. People go to
healthcare facilities induced by a certain maotivation, e.g. poor health. As a necessity for infection
prevention, indoor environments should be subjected to high standards of hygiene and prevention
control (Haupt et al., 2012). In some cases a high level of hygiene is realised for the proximity of
certain working environments. This is seen necessary to fulfil organisation-specific standards, rules

and demands of 1l egisl ati-ohvi deggd eccrt edu md ogrhst c ibceu H&

Some problems of water systems in facilities are, that they are part of a building, possess defined
functions, must fulfil criteria subjected to certain functional demands, and potentially are connected
amongst each other via (complex) pipe-distribution systems. Even in healthcare, a field of high-level
hygienic risk control, the phenomenon of a lack of precautions for certain in-house systems is present
(Fragou et al., 2012, Spagnolo et al., 2013). This represents potential hazards to patients, visitors,

staff or other groups of building users.

Dentistry is a specific field in health care everyone can imagine. Aerosols are produced by various
instruments used in dentistry, such as turbines, micro-motors, air-water syringes and ultrasound

scaler (Cristina et al., 2009, Perdelli et al., 2008). In dentistry we easily find situations where:

I aerosols might be emitted by water-associated instruments of dental chair units (DCUs)
9 aerosols potentially contain Legionella arising from the dental unit waterlines (DWULS)

1 patients and working personnel are exposed to aerosols.

Both patients and dental staff might be infected by due to aspiration of aerosols that were created
and released during dental treatment (Fotos et al., 1985). Any other hospital equipment is of partic-
ular concern for both inhalation of droplets and infection of wounds (Cristina et al., 2008). In
healthcare settings technical systems are used that can disseminate legionellae into the lower res-
piratory tract (Marrie et al., 1991). Examples for such medical devices are: medical humidifiers, in-
halation devices and respiratory therapy equipment. The entirety of such healthcare facilities include

hospitals, health centres, hospices, residential care facilities and dialysis units (Bartram et al., 2007).

2.3.3 Classificationof nosocomi al Legionnairesd disease

About 10 years ago the WHO defined three classes to precisely distinguish between cases of noso-

comi al L e gi on fBariramestsab, 2007):s e a s e
(1) Definite nosocomial: in a person who was in hospital for 10 days before the onset of symptoms.

(2) Probable nosocomial: in a person who was in hospital for 1-9 of the 10 days before the onset

of symptoms, and either (a) became ill in a hospital associated with one or more previous cases
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of Legionnaires6 disease, or (b) yielded an iso

methods) from isolates obtained from the hospital water system at about the same time.

(3) Possible nosocomial: in a person who was in hospital for 1-9 of the 10 days before the onset
of symptoms in a hospital not previously known
disease, and where no microbiological link has been established between the infection and the

hospital.

2.3.4 Nosocomial infections with Legionella

I n many cases Legi onn a-acguradgnosdomia)infedationi The baildimgsteck i t a |
and the built environment of hospitals represent ideal conditions and locations for transmission of
Legionnairesd di(fiedsstal., 2002) neehtidnssome which are the presence of:

1 at-risk individuals in large numbers (immunocompromised people)
1 rather old and complex plumbing systems

1 often reduced water temperatures to prevent scalding of patients

A crucial measure for the management of the disease is an early clinical diagnosis, accompanied by
the immediate delivering of appropriate antibiotics for Legionella spp. When talking about the control
of Legionnairesd di sease outbreaks, big effort r¢
able epidemiological data. Together with microbiological information it helps identifying the source
and directs for taking appropriate measures. There are numbers of reasons which emphasise the
need for further research to support early diagnosis and improve clinical or outbreak management.

Those to be mentioned are (Coetzee et al., 2012, McCormick et al., 2012):

9 the substantial morbidity associated withLegi onnai resd di sease
1 the widespread occurrence

1 major outbreaks

Phin et al. (Phin et al., 2014) critically reviewed and summarised the global epidemiology of Legion-

nairesd disease as well as its diagnosis and maneé

2.3.5 Varietyof hospitallacqui red Legionnairesd di sease

The first reported outbreak of hospitallacqui red Legionnairesé disease
hospitalatStEl i zabet hés i n Washington, DC, in 1965. A n
mon pneumonia of which 15 people died. This out bi
in 1977 (Thacker et al., 1978).

The largest outbreak of hospitalracqui red Legionnairesdé di sease occ
ans6 Administration Medical Center (VAMC) in Los
confirmed cases constituted this outbreak. Up to 2002 more than 300 reports of hospital-acquired
Legionnairesd disease hargviewed ldgesature pnd Ipdblic-hdalthdeportsn  p e ¢
(Sabria and Yu, 2002), ranging from small to major (large) outbreaks. Small outbreaks of nosocomial-
related Legionnairesdé disease, which are charact

indicate an exposure to legionella-contaminated potable water.
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Those outbreaks often occur as a result of stagnant water in pipes of the facility or are related to
water pipes or water systems in or near the facility. In contrast to the characteristics of small out-
breaks, a sudden appearance of | acasgsewhichuoothrevesa o f |
short period of time, suggests airborne spread. Potential sources, for example, can be seen in le-

gionella-contaminated water towers (Cunha et al., 2011).

There is evidence, that healthcare-ac qui red Legionnairesdé disease o0
Legionella spp which has colonised hospital water distribution systems (Casini et al., 2008). In that
specific context, potable water has been identified as the environmental source for almost all reported
hospital outbreaks (Sabria and Yu, 2002, Ozerol etal., 2006,St y p u § kMisimrewica et al., 2007).
The degree of Legionella colonisation of water systems determines the threat on a point of release

of Legionella contaminated aerosols.

2.3.6 Healthcare acquired Legionellosis, outbreaks, water and the environment

Tobin et al. and Stout et al. (Tobin et al., 1981, Stout et al., 1982, Lin et al., 2011a) first made epide-
miological links between the presence of L pneumophila in hospital drinking water and the occur-
rence of hospital-acquired legionellosis. In the context of hospitals only a few reports of outbreaks

have been linked to a cooling tower.

2.3.7 Water testing and variability of Legionella counts

The variability of Legionella presence within a DWPS at (a) consistent sampling points, (b) standard
operating conditions and (c) at short time intervals (e.g. within hours or weeks) has rarely been stud-
ied. Napoli et al. (Napoli C. et al., 2009) showed the variability of Legionella present in the water
system within a single hospital. They took water samples from 21 taps in different wards at the same
time for each of 5 consecutive days. However, the data did not show variances in log-steps regarding
the issue of Legionella variability over time as presented in a different study (Volker et al., 2016),
even within hours. They argue that if there was already existing data being collected by building
owners or health authorities, it would enhance the repeatability of their results.

The variability of Legionella presence in water samples can be explained in different ways. One
explanation is the abrupt break away of parts of an existing biofilm, which hosted Legionella. During
sampling, this amount, which used to be O6boundbd
resultisalegionellacount exceeding the | evel many times ovVe
sample water of the system without parts of the biofilm (Wingender and Flemming, 2011). Another
explanation is the so called VBNC state (viable but non-culturable), which describes, that Legionella

can outlast certain conditions. Legionella enters and leaves this state depending on surrounding
conditions for accumulation. There are well-known problems of detecting Legionella cells with culture
methods in the laboratory. Thus additional molecular methods for Legionella detection are advised
(Flemming et al., 2014). Allegra et al. (Allegra et al., 2011) compared Legionella detected from hos-

pital water systems using culture and a flow cytometry assay to identify VBNC cells and found that

VBNC cells varied from 4.6 to 71.7 %.

Liverpool John Moores University PhD Thesis



Background one - Legionella, infection, healthcare 18

The problem with the presence of VBNC Legionella is that using the viable culture method of detec-
tion a negative result does not necessarily mean that Legionella is not present. This has serious

ramifications for public health protection using routine sampling (Whiley et al., 2014).

2.3.7.1 Environmental sources and ecological niches

Legionella can proliferate in certain human-made water environments, such as water-cooling devices
(cooling towers and evaporative condensers), hot water distribution systems, taps and whirlpool
spas. Very low concentrations of Legionella from natural habitats can find favourable conditions in a
man-made hot water system. It may provide suitable conditions for proliferation and thus occurrence
may increase strikingly. Types of engineered water systems like piped drinking water, cooling towers,
fountains and humidifiers are known to be important sources for cases of Legionellosis and outbreaks
(Craun et al., 2010). Kruse et al. suggest that there is a substantial degree of potential exposure to
Legionella spp in the community. In their study they found at least a medium level of contamination
of water systems for 20 % of the buildings tested. The bioburden embodies a hazard of being a

potential source of infection.

Contamination levels succeeding a certain threshold level guide people responsible how to risk as-
sess and enforce further measures. Such specific threshold levels are for example published by
national legislation or recommendations for decision making in classifying the level of contamination
from a source. It must be kept in mind that the risk of an infection depends on a number of different
factors and different perspectives. Those perspectives concern both the population at risk and the

design of the water system (O'Neill and Humphreys, 2005).

Legionella can find ecological niches within ecological systems. Overall, these niches favour persis-
tence and growth of Legionella. Considering the different potential points of use, every outlet of the
water system can be regarded as an ecological niche for Legionella (Marrie et al., 1992). According
to the report from ECDC (2017b p.17), the distribution of sampling sites testing positive for Legionella
comefrom 90% 6watedcsghbkiemsdpwerod. 3% 6pool & and

sampling sites testing positive for Legionella and matching with clinical isolates comef r om 83 % &6 w

ter systemsd6, 5% 6cooling tower6, 10% 6épool & and

2.3.7.2 Water systems in the (built) environment

Legionella spp can be found in specific (drinking) water systems of private and public buildings such
as homes, hotels and hospitals. Ther e are reported prominent cases
systems such as water installations (see also chapter 2.3.7.1), or other types of engineered systems,
such as HVAC systems or cooling towers (Exner et al., 2005) (Buse et al., 2012) linked to facilities
and premises, but also other sources of Legionella in systems of the (built) environment, such as
room humidifiers, wastewater/ waste water treatment plants, fountains, baths, potting soil/compost

(van Heijnsbergen et al., 2015).

One aspect of monitoring strategies ist the control of compliance on temperature levels. Different
authorities suggest different temperature regulations (Bédard et al., 2015). Some regulations are

summarised in Table 2-1.
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In the first column, the authority (organisation or country) is listed, in the second column, the required
temperature at the water heater is listed, in the third column, the required temperature at the return

loop, and in the fourth column, the required temperature at the point of use is listed.

Table 2-1: Comparison of temperature regulations by different authorities, adapted from Van Kenhove et al.
(2019 table 4), modified

Water heater Return loop Point of use
WHO 06 0AC >55°C O50AC (after 1
EWGLI 06 0AC ( Wdwkjo|O55AC 055AC (70AC sh
ble)
UK 06 0AC O50AC/ 1 oop O55AC (health
France >55°C >50°C O50AC
USA O060AC O051AC 043.3AC to 49A

In practice, the precision, accuracy and effectiveness of ways of estimating the risk of Legionella
contamination, for example promoted by temperature, stagnation, pipe materials, etc., have only
rarely been assessed empirically. With respect to the surveillance of DWPSs and correspondingly
the identification of risk areas, there is a need for an early estimation of the risk of Legionella con-
tamination within a building. This requires efficient and assessable variables to identify threats, esti-

mate hazards and to prioritize risks.

2.3.7.3 Occurrence of Legionellain engineered systems

In a review in 2008 Diedereni s sued, t h adgionglia bactéria eausesShousands of noso-
comial Legionnaires6 di sease cases each year,

lawsuits, emotional stress, wasted time, and damaging presso(Diederen, 2008).

He further outlines, that pathogens have been detected in different contexts, environments or tech-
nical systems. Diederen gives specific examples, enumerating potable water, cooling tower water,
distilled water, nebulizers, contaminated respiratory therapy solutions, room humidifiers, vaporizers,
mist tents, sinks, hydrotherapy pools, whirlpools, lithotripsy therapy tanks, dialysis water, eyewash
stations, endoscopes, and flower vases. As a result, people (e.g. patients, visitors, occupants, work-
ing staff) in the proximity, who move inside or outside the built environment of any building, may be
exposed to pathogens. They may be infected by direct contact with contaminated water, ingestion,
inhalation of aerosols, aspiration, or indirect transfer from moist surfaces (e.g., by health care work-
ersd hands) or (Che200D3%.al devices

2.3.7.4 Gguidance for healthcare buildings

Health building notes (HBN) give best practice guidance on the design and planning of new
healthcare buildings and on the adaptation or extension of existing facilities. They provide information

to support the briefing and design processes for individual projects in the NHS building programme.
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For identifying added value for achieving excellence, there are three main components of the design
brief for healthcare buildings mentioned in ¢1BN 00-01 General design guidance for healthcare build-
ings6(DH, 2014), which are 1) Functionality, 2) Impact, 3) and build quality. Each of them forms

specifict ar gets af fedtri sd& 6§ wa tgepplicabtlity i§for the dbsigh and flaarting 0 .

of new healthcare buildings as well as for the adaption or extension of exisiting facilities. With each
of these four dimensions measures and actions are closely linked in order to achieve best practice.

They are described more detailed in the next sections. Figure 2-1 presents a generic illustration.

v" Design and planning of new healthcare buildings
v" Adaption or extension of exisiting facilities

Figure 2-1: Four dimensions in HBN

The four dimensions will be considered for research and inform elements for the final framework.
Therefore the HBN have been reviewed and a summary of the notable content for each of the di-

mensions is presented in keywords hereafter.
With respect to the research context HBN holds specific topics linked with 6 wat er 6

I Form and materials: Composition. The bui |l dingés f or m s h-comd
posed. Issues to consider:
o the integration of service elements such as rainwater pipes, flues, grilles, plant-
rooms, refuse bays.
1 Engineering: Specialist engineering systems. Set out the brief, requirements and standards
to be followed for specialist systems including:
0 cold water storage
1 Engineering: Emergency backup systems. The emergency backup systems should be de-
signed to minimise disruption. Set out emergency backup requirements and standards. Is-
sues to consider:
0 hot water
0 cold water storage
1 Engineering: Hot water and steam/operational engineering systems. Issues to consider:

o flexibility and efficiency of engineering systems
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0 economy in use of resources.

1 Engineering: Water and drainage system. Set out requirements and performance standards

(refer to specific guidance as appropriate). Issues to consider:
o flexibility and efficiency
0 minimising the use of resources
0 capacity of the water supply system to provide safe potable drinking water
0

adequacy of water pressures for clinical processes

With respect to the research context HBN holds specific topics linked with 6 r i s k 6

The World Health Organization defined fAhealtho

and not merely the absence of disease o r i n {(WHONR4B)yHealthcare facilities should provide

a therapeutic environment in which the overall design of the building contributes to the process of

healing and reduces the risk of healthcare-associated infections rather than simply being a place

where treatment takes place. In turn, the healthcare planning and design process therefore needs to

be correspondingly broad enough to include not only the issues surrounding the treatment of disease,

but also the promotion of health and prevention of disease - essentially the creation of a safe and

therapeutic care environment.

I Section 1.5 of HBN 00-01: Regulation 15 of the Health and Social Care Act 2008 (Regulated

Activities) 2010 states that patients
safe and unsuitable premises, by means

and é.operationo.

thurs

of

1 Sections 1.11 to 1.14 of HBN 00-01: The NHS has developed, with the support of DH, the
NHS Premises Assurance Model (NHS PAM), whose remit is to provide governance and

assurance to boards of organisations that patients, staff and visitors are protected against

risks associated with hazards such as unsafe premises. It has been designed to apply across

the range of estates and facilities management services.

Although not mandatory, NHS PAM allows organisations that provide NHS-funded care and

services to better understand the effectiveness, quality and safety with which they manage

their estate and facilities services and how that links to patient experience and patient safety.

Key questions are underpinned by prompt questions which require the gathering of evidence.

Healthcare organisations need to prepare and access this evidence to support their assess-

ment of the NHS PAM. The model also includes references to evidence and guidance (for

example, HBNs and HTMs) to assist in deciding the level of NHS PAM assurance applicable

to a particular healthcare organisation.

With respect to the research context HBN holds specific topics linkedwithé qual i t y 6

1 Performance: Air quality:

o0 Air quality should be fresh for patients, staff and visitors. Issues to consider:

A quantity of space with natural/artificial ventilation and/or air-conditioning

A access by occupants to natural ventilation

A an appropriate level of control by occupants of heating and ventilation.
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Section 1.26 of HBN 00-01: The Common Minimum Standards (CMS) for the procurement of built
environments in the public sector set a requireme

lenceinaccor dance with the principles set out in the G

Compliance is expected, although the CMS do make provision for practicality, achievability and value
for money to be considered in certain circumstances. Details on the CMS can be found on the Com-

mon Minimum Standards web page.

Section 1.27 of HBN 00-01: The CMS recommend that Design Quality Indicators (DQIs) are used as
part of ensuring all stakeholders, including end-users, are involved in the development of the output
specification, design brief and in the assessment of project success. The DQIs for the health sector
have been developed by the UK Construction Industry Council as a five-stage facilitated and accred-
ited process. This replaces the Achieving Excellence Design Evaluation Toolkit originally produced

by the Department of Health, which has been archived and is no longer supported.

Section 1.28 of HBN 00-01: The CMS document also recommends that an appropriate environmental
assessment process such as BREEAM, or an equivalent process appropriate to the size, nature and
impact of the project, should be carried out on all projects. BREEAM for healthcare buildings replaces
NEAT (NHS Environmental Assessment Tool) as the preferred environmental assessment method

and certification scheme for healthcare buildings in the UK.

Section 5.1 of HBN 00-01: The design brief is one of the important elements that form part of the
overall process in creating a healthcare project. It is essential that the brief is developed in the context

of the total lifespan of the project. The brief will:

describe clinical service needs and design vision/objectives;
define environmental quality and sustainability objectives, whole hospital policies and de-
partmental policies; and

1 detail technical requirements and schedules of accommodation.
With respect to the research context HBN holds specific topics linked with é s af et y 6

Section 5.5 of HBN 00-01: Of particular importance in the context of health care buildings is the need
for the design brief to incorporate policy, guidance and best practice in relation to reducing health
care associated infections (HCAIS). It is vitally important to have a clear understanding of how the
briefing, planning, design, procurement, construction, commissioning and ongoing maintenance of

health care property can contribute to the prevention and control of HCAIs.

Section 5.58 of HBN 00-01: The project team should refer to the growing body of research material
indicating that the design of the healing environment impacts on patient recovery and on staff, and

that good quality environments impact positively on patient care and vice versa.
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2.4 Summary background one

This chapter highlights gaps in research and scientific reporting due to the delicate nature of the topic
with respect to management, process, duties and stakeholders involved. The previous chapter ex-
tensively informed about Legionella, infection and healthcare. Specifically some arguments which
are seen to be of utmost importance for this research are summrised by:

91 Infections caused by non-pneumophila species of Legionella and non-serogroup 1 Le-
gionella pneumophila are frequent in hospitals (Lin et al., 2011b).

1 Immunocompromised people in healthcare facilities constitute a risk group whose environ-
ment should meet certain requirements of hygiene, monitoring and risk assessment to con-
tribute to preventive measures.

1 In2012t here were 401 incidences of noti f EGDLt i on
2014)
Legionnairesd disease i s EEGDCR01g)ht to be wunderr
In a study including 233 buildings (32.7 %) with potable water systems, Kruse et al. (Kruse
et al., 2016) identified Legionella spp., where 148 (63.5 %) of them revealed a medium or
higher level of contamination.

1 Legionella spp. can contaminate parts of or even the whole (drinking) water system in the
presence of favourable conditions (RKI, 2013).

1 Indoor environments should be subjected to high standards of hygiene and prevention con-
trol (Haupt et al., 2012).

1 Even in healthcare, a field of high-level hygienic risk control, the phenomenon of a lack of
precautions for certain in-house systems is present (Fragou et al., 2012, Spagnolo et al.,
2013).

1 Both patients and staff might be infected by due to aspiration of aerosols that were created
and released (Fotos et al., 1985).

1 Any hospital equipment is of particular concern for both inhalation of droplets and infection
of wounds (Cristina et al., 2008).

1 Inthe environment of hospitals, Fields et al. (Fields et al., 2002) mention a) at-risk individuals
in large numbers (immunocompromised people), b) rather old and complex plumbing sys-
tems, and c) often reduced water temperatures to prevent scalding of patients.

i There are numbers of reasons which emphasise the need for further research to support
early diagnosis and improve clinical or outbreak management. Those to be mentioned are
(Coetzee et al., 2012, McCormick et al., 2012): a) the substantial morbidity associated with
Legionnairesd disease, b) the widespread occu

1 Up to 2002 more than 300 reports of hospital-ac qui red Legionnairesd
published in peer-reviewed literature and public-health reports (Sabria and Yu, 2002).
Potential sources can be seen in legionella-contaminated water towers (Cunha et al., 2011)
Healthcare-acqui red Legionnairesd di seaslegiomellacsppr s d

which has colonised hospital water distribution systems (Casini et al., 2008).
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1 Potable water has been identified as the environmental source for almost all reported hospi-
tal outbreaks (Sabria and Yu, 2002, Ozerol et al., 2006), (St y p u § kMiswmrewica et al.,
2007).

1 Garbe et al. (Garbe et al., 1985) report on an outbreak, including clinical and environmental
samples, that a cooling tower has been heavily contaminated with Legionella pneumophila,
serogroup 1. In a different outbreak of legionellosis the cooling towers were disinfected a
second time (Sabria and Yu, 2002).

1 Outbreaks may have substantial implications for public health (Garcia-Fulgueiras et al.,
2003)

1T Large outbreaks of Legionnairesdé disease have
towers, (Garcia-Fulgueiras et al., 2003, Greig et al., 2004, Bennett et al., 2013) hot and cold
water systems, and whirlpool spas (Colville et al., 1993, Den Boer et al., 2002). Common to
all sources mentioned is, that they represent engineered, technical systems, in which water
is transported and/or manipulated for a specific purpose.

1 Contaminated drinking water plumbing systems (DWPS) are common in public buildings
(Volker et al., 2010). The survey reported by (Volker et al., 2010) points out that approxi-
mately a) every second monitored hospital, b) every fourth nursing home, and c) every sev-
enth sports facility was contaminated with Legionella at least once between 2003 and 2006.

1 Incomplete cleaning and disinfection may also be the cause for an outbreak, as well as the
multiple use of reusable oxygen humidifiers for several patients, probably posing a reservoir
for Legionella pneumophila (Bou and Ramos, 2009).

1 Outbreaks reported were associated with the exposure to decorative fountains located in the
public area of the hospital (Lin et al., 2011b, Haupt et al., 2012).

1 Investigations of evaporative condensers mainly found in hospital areas found high concen-
trations of Legionella pneumophila (Pleischl S. et al., 2002). Contamination was due to in-
sufficient cleaning and disinfection, and messy maintenance of the evaporative condensers.

1 Because of the high mortality and morbidity a:
priorities to be set for clinical management are a) early diagnosis and prompt treatment with
effective antibiotics, b) appropriate management of complications, and c) the management
of underlying co-morbidities and risk factors (Viasus et al., 2013, Chidiac et al., 2012,
Eliakim-Raz et al., 2012, Mandell et al., 2007, Levy et al., 2009, Levy et al., 2010, Zumla et
al., 1988, Cunha, 2008).

1 Anentire DWPS can, in most cases, be regarded as an open ecological system with incom-
ing and outgoing microorganisms. The highly variable counts of culturable Legionella cells
and the variable types of Legionella species (pneumophila, non-pneumophila and different
serogroups) within a building and at single outlets suggest that the water system is highly
dynamic and sensitive. It needs precise understanding of building-specific and water system
related information as well as a deep understanding of potential causes or weak points. Its
complexity calls for expertso6 interdisciplina
Legionella can find ecological niches within these ecological systems, which favour their
persistence and growth. Regarding the points of use, every outlet of the system can be re-

garded as an ecological niche for Legionella (Marrie et al., 1992).
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1 The risk of an infection depends on a humber of different factors and different perspectives.
Those perspectives concern both the population at risk and the design of the water system
(O'Neill and Humphreys, 2005)

1 According to the report from ECDC (2017b p.17), the distribution of sampling sites testing
positive for Legionellacome from 90% 6éwater systems?o, 5%
2% 60t her d. The distributi on befionalaang matchimg si t
with clinical isolates come from 83% O6water s
6ot her 0.

1 In order to achieve and maintain control over water systems at safe levels in healthcare
facilities, fundamental aspects have to be considered. Microbiological monitoring plays an
important role, but is only one part of the whole puzzle. It should be performed not only for
identifying risks and being part of the risk assessment, but also to help in ensuring compli-
ance with statutory regulations/guidelines on an operative viewpoint of daily business. Even
the presence of various minerals in water is considered as a risk indicator for bacterial colo-
nization and biofilm development (Borella et al., 2003).

T According -@6b G&B&Nr &8I0 desi gn gui da n(@H 2014pthereh e a |
are specific targets affecting édwater 6, Orisk
planning of new healthcare buildings as well as for the adaption or extension of exisiting
facilities.

Taking into consideration the aforementioned facts, awareness, compliance and appropriate struc-
tures in organisations need more attention by responsible people to act responsible. The confirmation
of an outbreak happens on basis of clinical and environmental samples. On the basis of case histo-
ries, potential sources should be localised and risk assessments be done. Even the aspect of com-
municating to health authorities and to the public should be considered on basis of clear facts and
decisions while meeting existing law. Those activities guide and prioritise ongoing investigations and
define measures to be taken. The microbiological aspect of any investigation is to seek evidence for
linking the source of the outbreak to the case(s). A central point in doing this is the comparison of
Legionella isolates in environmental samples with those from patients. In this context of investigating
and assessing a potential outbreak situation, potential overlapping duties of different roles involved

within an organisation may be existing.

The target of a well working self-control in the sense of prevention, which is rather a proactive than
a reactive principle, is to get the situation manageable and transparent from top-down the manage-
ment levels of an organisation. Only when the responsible person can fully assess the given situation
of an outbreak or case clarification by evidence, appropriate measures can be taken into action. In

organisations decision-making usually is realised by responsible functions of management.

Taking everything of this chapter into consideration, people responsible for healthcare buildings have
a long list of targets and duties to fulfil. For that it is important to give guidance in this specific topic

for a specific group of stakeholders to meet all detected necessities and gaps reported by literature.
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The guidance should be specifically made for the FM industry and be applied by people responsible
in hospitals managing water safety and taking responsibility on risk management and Legionella
prevention. Therefore the next chapter characterises the FM industry and highlights specific man-

agement procedures.
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3 Background two - Estates and Facilities Management

In order to understand the rather microbiological topics of the previous chapter in the research con-
text correctly and raise awareness about the research problem, it is necessary to introduce and ex-

plain management practice and mechanisms of Estates and Facilities Management.

3.1 Estates and Facilities Management

The British Institute of Facilities Management (BIFM) formerly defined the FM profession in the UK
as: AFacilities Manage me-disciplimas activities withim the louilt anviioro
me n t and the management of their i (\pogirst 2010)p The
European standard defines FM as: fthe integration of processes within an organisation to maintain
and develop the agreed services which support and improve the effectiveness of its primary activi-
tieso(BS, 2011b). This standard, consisting of seven parts, has been adopted and brought into na-
tional level in the United Kingdom (BS EN 15221-1 to BS EN 15221-7), Germany (DIN EN 15221-1
to DIN EN 15221-7) and Switzerland (SN EN 15221-1 to SN EN 15221-7). The European standard
EN 15221-Family and ISO 41000 gives relevant terms and definitions in the area of Facility Manage-

ment.

n

of

peo

Another Facilities Management Definition is i An or gani sati onal function

place and process within the built environment with the purpose of improving the quality of life of

people and the product {((SOj20lyb).of t he core business:¢

According to the standard, FM encompasses multi-disciplinary activities within the built environment
and the management of their impact upon people and the workplace. Effective FM combines re-
sources and activities likewise and is vital to the success of any organisation (BIFM, 2015). At a
corporate level, it contributes to the delivery of strategic and operational objectives. On a day-to-day
level, effective FM provides a safe and efficient working environment, which is essential to the per-

formance of any business i whatever size and scope.

FM is capable of covering different support processes (facility services), of which the element of
service delivery is described in a written statement, and perhaps measured by key performance
indicators (KPIs) (CEN, 2006 p.8). Any service incorporates a series of duties, depending on the
context of the mandate. Support processes, as characterised by EN 15221, can for example be

assigned to roles (and linkedwithdut i es) in tasks on &6building

ma i

I

continuity planningd or 6health and safetyd, whicl

an organisation is required to control and manage safety related issues.

Failure to do so may lead to injury, loss of business, prosecution or insurance claims. Even more,
the confidence of customers and investors in the business may also be affected by adverse publicity
(Atkin and Brooks, 2009).

Generally speaking FM is the management and maintenance of commercial buildings, encompass-
ing everything required to keep people alive and safe. FM may include different services, such as
building maintenance, catering, cleaning. Some more examples for the two categories are summa-
rised in Table 3-1.
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Table 3-1: Examples of hard and soft FM

Examples of hard FM

Examples of soft FM

Building Maintenance, CCTV Systems, Access
Systems, Air Conditioning, Fire Safety, Struc-
tural Maintenance, Heating & Ventilation Sys-

tems, Mechanical & Electrical Services.

Pest Control, Cleaning Services, Grounds
Maintenance, Security Services, Catering &
Vending, Janitorial Services, Waste Manage-

ment, Concierge & Reception Services.

Hard and soft FM elements in combination are important to ensure a specific building is running as
smoothly as possible. As is the problem with many other services, FM may tend to go unnoticed until

a certain event demonstrates something went irregular.

Given the wide range of services included in FM, the decision to outsource these services to one
dedicated service provider will relieve a facilities manager of all the challenges that come along with

maintaining a building. FM can:

Reduce costs and optimise investments

Improve operational utilisation, availability and flexibility
Address environmental standards and concerns
Maintain regulatory compliance

Enhance safety and reduce risk

= =4 a4 -4 -—a -a

Provide engaging, productive environments

FM in general, and FM in healthcare specifically, usually makes necessary numbers of services.
These are mainly categorised into 1) hard and 2) soft FM. Hard FM relates to management and
maintenance of property, while soft FM includes the management of support services (Hinks et al.,
2003). The built environment, including infrastructure facilities such as estate and property, indoor
air, structure and fabric, water supply, electricity and telecommunication systems belong to the first
category (hard FM). Catering, cleaning, waste management, security, and laundry are part of soft
FM. By definition, it is Estates which covers the water safety aspect. Thus, the information and data

required for this research is located there. Essentially the right people need to be involved.

06Estates and Facil it i-eontexMaaiten gisednas a tombinedtermh foremad K
agement levels in organisations, such as hospitals. Although both terms differ in content by definition,
they help in allocating responsibilities, and thus, processes and tasks. They organise the organisa-
FM d, by

spotting the focus on structural maintenance, or maintenance and repair work, that may have an

tion. Aspects of ha r d coul definitibom, eben uiwleno [s& ro
impact on structural elements (e.g. remedial work). Any building is assigned a function. Its entirety
must make it possible to manage the planned processes, persons and structures permanently, effi-
ciently and securely. An infected water system is a serious damage to a building and a risk for the
organisation, that must be remedied. In a combined view, the two terms make the hospital a working

environment.
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The reason why both terms 6Estatesd and OFatr
safety management is, that the topic water safety management, with its potential impact and conse-
quences for the building and the built environment, must be considered equally with respect to pro-
cess and risk management, where the boundaries are not strictly set and depend on the angle of

vision.

There is also the formert er m O6bui | di ng mwasurdgrgaocas & €ub-area ofdahility
management that deals with the management of existing buildings and technical facilities (GEFMA,
2004a). With this distinction given, one also speaks of operational facility management, concentrated
on the utilisation phase (Preu3 and Schoéne, 2010). A subdivision can be made into the areas of
technical, infrastructural and commercial facility management (Krimmling, 2017) (Teichmann, 2009
p.20). The aim of building management is the functional maintenance of buildings, taking into account
the requirements of the owner, the user and the (real estate) market. Technical building management
comprises all activities in a building in connection with maintenance, inventory care and modernisa-
tion (Hellerforth, 2001). Among other things, risk and quality management are important elements

for a performance management system in building management (Teichmann, 2009 pp.105-107).

3.2 Estates and facilities management in hospitals

By considering the topic of water hygiene there is a variety of stakeholders working on a common
process of Legionella prevention (Gamage et al., 2016; Leiblein, Tucker, et al., 2017; Spagnolo et
al., 2013). This includes internal and external people, who collaborate and work on a common pro-
cess. Certainly, law and duties vary from country to country which is, of course, not unusual to deal
with for a locally or globally acting Corporate Real Estates, Facilities Management or Facilities Ser-
vices Provider business. However, the legal framework, standards or even potential threats are not
always obvious to people responsible (Leiblein, Flchslin, et al., 2017). An infected water system is
a deficiency in a building and reduces the value of a facility. Above all, the hazard to people and the
liability of duty holders may be two even stronger arguments. Because of the critical importance and
complexity of the topic, professionals with operational duties must bear this in mind. Especially in

working environments with people who are in the need of protecting their health.

3.3 Management interwoven in the organisational structure

The management of an organisation can just be as good a the stakeholders being involved as well

as the structures and quality of collaboration and communication.

3.3.1 Organisation, Stakeholder theory and stakeholder analysis

A stakeholder analysis can be used in many circumstances such as a procurement exercise, devel-
opment of a specific project, or as in this case process and process owner (stakeholder) identifica-
tion. The involvement of the right people not only ensures that they are engaged with the process, it
also maximises the potential for the widest range of issues and options to be considered as part of
an interdisciplinary endeavour/collaborative approach (as is the case with Legionella prevention and

water safety).
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The matrix opposite visualisation method is often used by project managers to group stakeholders

into areas of importance by considering édpower

Although it can appear slightly crude it can prove quite useful to highlight the stakeholders that need

to be most closely engaged with the process (see chapter 6.10.2.5).

3.3.2 Management instruments

From the manager és perspective there are diff
and applying certain instruments to manage and delegate. In the context of this thesis the focus
should be set on the two aspects, namely 6 e x t r i ns i ¢ & Bathrhdve implicationsi on the
organisational procedures as they may be the source for applying certain management instruments

for implementing, decision making, announcing, enforcing and to delegate.

3.3.2.1 Extrinsic motivation

Influencing documents from the outside of an organisation, such as acts, standards, statutes, poli-
cies, frameworks, best practice.

3.3.2.2 Intrinsic motivation

From a ma n a g eockpitsperspective of the organisation strategically applying and implementing
management instruments for achieving the realisation of a visions by, for example, governance ar-
rangements scheme, stakeholder matrix, responsibility assignemt matrix (RAM), linear responsibility
chart (LRC), accountability chart (AC), audit report, verifying report, review, risk assessment, process
map, workflow charts, standard operating procedure (SOP), action plan, policy, training program, job

descrition, checklist. Some of these may be documents relevant for processes.

3.4 Drivers for Legionella prevention in Estates and Facilities Management

The International Facility Management As s o c i at i o guiilalineg defMé& the)competencies of

(@}

the professional field in FM. In 2013 the chapter

ityo and AEnvironment al Stewardship and Sugtheai

management competencies of FM now include hazard prevention requirements in certain areas.
Hazards might, for example, arise from microbiological contamination with species of Legionella. The
facultative pathogen Legionella pneumophila (Heesemann, 2012), a species of Legionella, accounts
for 85-98 % of confirmed cases, depending on the testing method used (ECDC, 2014). In community
and in healthcare organisations, the potential consequences of a case of Legionella are particularly
profound. In healthcare not only the health of patients and staff might be affected (working people
such as doctors, care personnel, cleaning personnel, and service personnel), but also the perfor-
mance of and confidence in the organisation (Diederen, 2008, Freije, 2005). Quality, performance
and knowledge management (Liyanage and Egbu, 2005, Liyanage and Egbu, 2006, Liyanage and

Egbu, 2008) are key drivers for quality service delivery in FM businesses.
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3.4.1 Risk management

Persons or companies responsible for renting domestic property (e.g. property agents or landlords)
must control the risk of Legionella contamination which can cause legionnaires disease (HSE, 2019).
Legionella bacteria can be found in water tanks and systems i these require a legionella risk as-
sessment to be conducted in order to comply with Health & Safety law. Compliant Legionella risk
assessments must be carried out by a competent Legionella risk assessor.

3.4.1.1 Hospital building systems at a higher risk

Water systems, cooling towers/condensers, respiratory devices and humidifiers, but also point of
use, e.g. specific rinsing medical equipment, baths, showers and hand washing (Ortolano et al.,
2005) should be part of an integrated risk management supporting control strategies and thus pre-
vention of nosocomial infections. Within healthcare buildings, particularly those which have been
around for some time, or water systems that had parts that have not been removed over the years
with pipework disappearing and reappearing, embedded in water sampling, there may be deadlegs

or other causes leading to stagnation or inappropriate water use.

In healthcare, there are more different actors which can have an impact on water quality than in non-
healthcare sectors. It 6 s n ot | ThewaterEsatitypandewater systems seem to be considered
as to be an Estates problem and not a hospital-wide problem. But Infection Control, specialists, and
those users, which require specialist water quality such as dialysis and hazardous events which may

lead to increases in hazards (e.g. Legionella), carefully need to consider:

There are different actors/roles compared with utilisation and non-healthcare systems
There are multiple water systems not just for normal uses but also for treatment and diagno-
sis

I There are often old buildings with complex water systems which have evolved over time.
Potentially they have long and unknown piperuns, many deadlegs and blind ends, multiple
wash hand basins, en-suites which may not be used, many complex components (Thermo-

static mixing valves, electronic taps etc.).

Water safety plans (WSPs), which describe a 6sche
component of the WHOG6s fitindudesstvbr kef et emahéeswatbame
sessmémbéajtoringdé, and 6é man ag e simulatesthemmbtivationmfipeon i ¢ a t
ple responsible to think about safe limits for achieving health-based targets (Lee, 2017 p.23). Poten-
tial scenarios of a large contamination infestation, a failure or downtime situation may also be a

considerable argument for management with focus on business continuity management.

A control programme should be reviewed and this facility plan be developed or improved and then
implemented to minimize all risks associated with water use. And it should be made sure that they
are managed effectively and monitoring targets are easily measurable in the whole time. For exam-
ple, temperature, target levels of disinfectant are maintained within the system, pH, turbidity, AOC

and faecal indicators. The delivery quality of incoming water is also a useful monitoring parameter.
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Thei ndi vi duals involved in the managementbésanedper at
and competent. It is essential that the WSP is managed and communicated effectively with support-

ing programmes to ensure good communication.

Once Legionella has colonized a water system, eradication is usually unachievable (Marchesi et al.,
2011, Garcia et al., 2008, Zhang et al., 2007). But risk management for existing water systems qual-
ifies people being responsible to act responsibly and adequately to the issue. Activities include mon-
itoring and definition of measures for preventive actions. It should be kept in mind that it is aerosol
exposure that usually constitutes the actual risk for transmission of legionellosis. The questions aris-
ing from the gap that occurs, when estimating the level of exposure from the level of contamination

of the system, are challenging, especially in the context of hospitals (Hines et al., 2014).

Developing a risk reduction strategy requires certain key issues. A proactive approach that aims to
minimize pathogens, such as Legionella, in water systems is one way to pursue. Another option can
be seen in a reactive approach that considers environmental measures only after a disease is iden-
tified and confirmed. For a given pathogen this issue must be considered on the basis of severity of
the associated iliness, sources of contamination, data on preventative measures, available detection

methods, remedial technology, and legal issues (Freije, 2005).

Because of the ubiquity of the bacteria Legionella, it requires measures that help preventing favour-
able conditions for colonizing and growth in operating and used systems, which might affect people.
The primary task is not to identify whether or not the bacteria are present, but to identify which cir-
cumstances present risk factors promoting growth of the bacteria (Hoebe and Kool, 2000). Yet it
must be noted that appropriate risk management of water systems includes control and monitoring

tasks.

Risk assessment combined with environmental monitoring has been effective in predicting risk. This
can be read in studies in countries like Italy, Spain or USA (Lin et al., 2011a, Sabri" et al., 2005,
Squier et al., 2005, Boccia et al., 2006). Most European countries mandate routine culturing of the
hospital drinking water for Legionella spp. For cooling towers and evaporative condensers in
healthcare facilities a risk assessment should take into account the proximity of cooling exhausts to
the air inlets for wards housing high-risk patients (e.g. such as those who have just had a renal
transplantation) (Pleischl S. et al., 2002). As part of their study Volker et al. discuss that it may be
difficult for hygiene specialists, technical staff and public health practitioners to decide about the
specificity of health protective measures to be taken for Legionella control. They point out that mi-
crobiological counts below the TTL do not conclusively indicate there is no health risk and therefore
no need for intervention (Voélker et al., 2016). Their longitudinal approach in the study showed that
taking a sample at a specific time (cross-sectional sampling results) only provides a snapshot of the
current microbial situation. Furthermore, infections risk emerging from only parts of the DWPS are
assessed and thus not representing the whole picture or reflecting the whole situation. A longitudinal
sampling approach and a better risk assessment for any operating outlets within a building could
increase the degree to which the sample results represent the real DWPS situation. For that hazards

must be identified though a hazard analysis.
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3.4.1.2 Hazards

According to McCoy (2006) i dnazard analysis and control plan (either WSP or HACCP) should be
part of the water management plan for every facility because expenses are high, and a duty exists
to provide hazardfree water. Acquiring water and then disposing of it is a significant part of every

facility budget. Unfortunately, most facility mar

3.4.1.3 Water safety risk assessment

Legionellosis management and control risk assessments are a statutory requirement under current
guidelines and legislation; they should be carried out as partofat ot al @A Management S\

trol so pa ctkstagndshbuldnot lhelvaried out just to comply.

An adequate sufficient Legionella risk assessment compliant with BS8580:2019, ACoP (L8) and
HTMO04-01 shall be carried out by the trust's externally appointed specialist independent advisor on
all buildings currently owned or occupied by the trust, in order to identify and assess the risk of
Legionellosis and water quality issues from work activities and water sources on the premises and
organise any necessary precautionary measures. The assessments shall be reviewed and/or up-
dated when there are significant changes to statutory standards, operational requirements and when

there are significantchange s t o a buil dingds domestic water and

Where the assessment demonstrates that there is no reasonably foreseeable risk or that risks are
insufficient and unlikely to increase, no further assessment or measures are necessary. However,
should the situation change, the assessment should be reviewed and any necessary changes be
implemented. The assessment will be reviewed whenever there is reason to believe that the original
assessment may no longer be valid or in accordance with the schedule detailed above. This may be

because of:

changes to the plant or water or its use;
changes to the use of the building in which it is installed;
the availability of new information about risks or control measures;

changes to key personnel;

= =4 a4 -4 -2

the results of checks indicating that the control measures are no longer effective.

The risk assessments will be issued to the WSG and an action plan derived by the group. Risk
assessments shall be reviewed on a regular basis by the WSG to determine if there is a need to

carry out a re-assessment. This would be based on an assessment of change or known issues.

McCoy and Rosenblatt (2015 p.519) provide a systematic comparison of HACCP-based programs

for building water system management. They compare the presence or absence of the following

components of four different programs (NFS I ntél
188):

1 Interdisciplinary team with authority and responsibility

1 Water system description (process flow diagrams)

1 Hazard analysis and risk characterisation based on water system description

1 Critical control points are selected based on hazard analysis and risk characterisation
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9 Critical limits are specified and monitored; Corrective actions are required
1 Confirmation that the plan is being implemented according to design (verification) is required
1 Confirmation that controls, when applied according to plan, are effectively controlling haz-

ards (validation) is required

Mitigating risks, in general, could also be achieved by applying a generalistic and holistic concept for
hospital hygiene, considering aspects of infection prevention and control (Exner et al., 2001). Ac-

cording to the authors this might for example be institutionalised by:

9 ensuring structural and process quality
1 quality assurance and audits/inspections
1 identification and surveillance

1

incident and outbreak control management
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3.4.2 Process management - meaning and importance of processes

According to Arndt (2006 p.77)a process i s fan assorted order of
input into a de&dimmlerstal, @010)p.215ascited Krampf(2016p.3)A Pr oces s e ¢
are the mechanism that link and combine the functional capabilities across the organization to create
value for the busi hesetwo definittbnsunderlinetmethers is a cefain kind of

order, structure and activity inherent in a process. It can be referred to business activities and busi-

ness requirements. EN ISO 9001:2008 delivers a more detailed definition of processes. It explains:
fiprocesses consist of inputs, the workflow and o
process approach for management systems the outputs, as a result of the processes, are considered

as satisfi ed(BSeliaiprlB.iikercfore,dt is essential that processes are defined
precisely in order to emphasize clarity in repeatable, controllable and improvable performing. Any

process is built by a number of sub-processes.(BS, 2011a p.9). For that, the identification, analysis

and description of business processes and business process maturity is essential (Looy et al., 2014).

An illustration of an abstracted process model consisting of different hierarchial levels in a service
process in hospitals is shown in Figure 3-1. This structure could be used as a guiding template for
mapping processes.

2 ; >
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Figure 3-1: Hierarchic process structure for hospital processes containing core processes (CP), main processes
(MP) and sub processes (SP), adapted from (Hessel, 2004), translated and modified.

As mentioned in chapter 3.1 the definition of FM is strongly related to the concept of processes.
Effective FM processes are according to BS (2011a p.16) processes which can be adopted easily,
are adjustable and which the core business with its core processes can rely on. In addition, effective
FM processes are well connected with any other processes. Their different outputs, then, are in some
cases inputs for subsequent processes (BS, 2011a p.16) (Interdisziplinarere Normenbereich, 2011
p. 16). Furthermore BS (2011a pp.9-10)s t a t e $M prdcesses ififluence the effectiveness of the
primarypr ocesses. 0 Process maps are in most cases t|
are structuredo(BS, 2011a p.14, Interdisziplindrere Normenbereich, 2011 p. 14). In addition, process
mapping is an important application to evaluate and design processes (Johnston et al., 2012 p. 206).
Related to the FM context there are process levels such as @perati o n daktiéaldand &trategicd
recognised as horizontal levels or even interpreted in a vertical hierarchy, when connecting over
different levels (BS, 2011a p.14).
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An essential element of high interest is, that processes should be balanced between high standard-
isation and high flexibility (Kukla, 2015). For Wagner & Kafer (2008 p. 38) as cited in Kukla (2015 p.
21), process management contains planning, organisation, management, financing, controlling,
steering and contiuous improvement. According to Tenner and DeToro (1997 p. 7) there are three

approaches for achieving process improvements:

1 Continuous improvement on an ongoing basis for incremental gains,
1 Benchmarking periodically for larger gains, or

1 Re-engineering selectively to achieve dramatic breakthroughs.

The business process re-engineering approach is a change management process with fundamental
rethinking and radical changes within an organisation to gain benefits like quality and productivity
improvements (Tennant and Wu, 2005, Hammer and Champy (1993) as cited in Hurst et al., 2008
p. 290). The idea behind it is to identify the processes which add value and those process steps
which do not add value at all (Hurst et al., 2008). Based on these insights the process then can be

(re-)designed (Hurst et al., 2008), andt ai | ored to the organisationé

for the improvement of processes. According to Arndt (2006 p. 78)iit he pr ocess opti

improve current processes by critical questioning and new designingo .

Taking everything into consideration, people responsible at management level decide on the neces-
sity, complexity and influence of processes. It is clear that these elementary decisions need to be
thought about in detail and linked with the overall strategy of the organisation. For good reason help-
ful specific management approaches are needed to identify processes and set the right focus. The
creating of a framework as an output of this research tries to change meanagement process in order
to initiate the (re-)engineering of a commonly recognised process of water safety management, Le-
gionella prevention and risk management in hospitals with a specific focus seen from Estates and

Facilities Management in England.
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3.4.3 Quality management

Since the early 1980s many epidemiological studies demonstrate that nosocomial outbreaks of Le-
gionnaires6 di sabtayskeeerhiskeddo patdbimwater (Sabria and Yu, 2002). There-
fore a structured water quality management and sufficiently operating control and intervention sys-
tems have to be established for the prevention of this disease. Essential pillars for achieving quality
in FM in healthcare contexts, with focus on services in infection control, are knowledge management

(KM) and performance management (PM) Figure 3-2.

| Clinical
| Service

N

PM

Access & quality: ! 1 / Collaboration:

» Building plans N N » Prevention

» Maintenance schemes » Risk management

» Monitoring procedures Budgets (remedial works)

» Data evaluation and communication ‘old’ habits in the culture of
service delivery

|

Y X\

Figure 3-2: HAI and the role of FM in achieving quality, adapted from (Liyanage and Egbu, 2005 p.201)A T hr e e
di mensions of infection control o0, modi fied.

3.4.4 Environmental management and maintenance issues

Motionless water is defined as stagnation. In a water system missing a circulation pump, the water
remains in pipes for as long as fittings, valves or any other type of outlets are used, which disperses
stagnant water. Water stagnation may be just one cause for proliferation of Legionella spp in PWH
(potable water hot) systems. It allows bacteria time to grow. Furthermore there persists difficulty of
maintaining high temperatures and disinfectant concentrations (Bartram et al., 2007). Permanent
stagnation zones, caused, for example, by hydraulic or physical dead legs, are ecological niches for
bacterial growth. When the formation of biofilm was supported by favoured growth conditions prior,
the impact of biological stress to the biofilm system may cause a major detachment of bacteria into
the water. Biological stress is given, for example, in the case of reduced oxygen and nutrient supply
(Flemming et al., 2014). To control the proliferation of Legionella, numerous regulations call for the
removal of any stagnation areas and other structural factors causing stagnation within DWPS
(Bédard et al., 2015).

Several conditions contribute to a potential risk. Studies have shown a statistical correlation between
the operating temperature in DWPS, Legionella incidence, and growth. Legionella finds optimal con-
ditions at a temperature range between 35°C and 46°C (Buse et al., 2012). When the temperature
consistently exceeds 60°C growth and detection of Legionella is inhibited (Flannery et al., 2006,
Volker et al., 2010).
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In contrast, PWH temperatures under 50°C (Borella et al., 2004) or 55°C (Mathys et al., 2008, Vélker
and Kistemann, 2015) significantly encourage growth of Legionella. Recent studies and guidelines
stress the importance of appropriate hydraulic balance to ensure homogenous temperature regimes

throughout water systems (Bédard et al., 2015).

A selection of existing decontamination methods are listed hereafter. They were, inter alia, compiled
through studying different publications (Spagnolo et al., 2013, Gollnisch et al., 2003, BAG/BLV, 2018,
Marchesi et al., 2011, Lin et al., 2011a, Ngwenya et al., 2013). Their application is subject to the

countryso6 national | egislation:
1 Shock heat treatment with flushing
9 Chlorine dioxide (Marchesi et al., 2011)
1 Monochloramine
1 Point-of-care or point of use (POU) (Lin et al., 2011b)
1 Copper-silver ionization
1 Hyperchlorination
1 Ultraviolet light

3.4.5 Maintenance and business focused maintenance

According to ECDC (2018) the United Kingdom has had an unusually large proportion of cases of
Legionnairesd disease. T h i of the pablicphaalth |hbgratodias evorking
effectively with medical authorities, and partly due to poor building maintenance (Brundrett, 2003). It
is well-known that water systems are not always up-to-date with current demands or technical stand-
ards. Although microbiological risk assessment remains a (not only costly) challenge, there are given
many reasons for monitoring for pathogens like Legionella. Particularly, whenever there are environ-
ments where water is used/consumed and, as a consequence, getting into contact with people. Con-
cequently the technical services department or those responsible for maintenance or business fo-

cused maintenance should keep an eye on that (Harris, 2016).

Mains water supply to a building is realised through pipes of larger diameters. After entering a DWPS,
smaller pipe diameters are used for further distribution to the water consumers. They potentially
favour the development of biofilms to a greater extent, due to flow variability and variations in use

patterns. These effects increase the potential microbial bioburden (Exner et al., 2005).

Bédard et al. (2015) distinguishes between three different types of vertical and horizintal hot water
distribution systems, which are a) recirculation before the last tap, b) recirculation connected after
each device, and c) recirculation connected after the last device. In the case of poorly designed
DWPS, stagnation of water can be caused, which provides a suitable environment for the prolifera-
tion of legionellae. Furthermore, the growth of Legionella spp is supported by accumulation of sludge,
scale, rust, algae or slime deposits in the water distribution systems (Exner et al., 2005). Therefore
systems that are kept clean and the water flowing are less likely to support excessive growth of

Legionella spp.
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The point of water withdrawal (POWW) in any facility is realised in a different way. Several studies
(Sydnor et al., 2012, Halabi et al., 2001, Leprat et al., 2003) found for example, that (electronic) non-
touch fittings were contaminated more frequently with bacteria (including Legionella spp.) than were
conventional fittings. This might be a result of the low amount of water that flows out. Another reason
is recognised in the low water pressure and the steadily persisting column of water with a tempera-
ture of about 35°C (hot water). Volker et al. (Volker et al., 2016) warn that that if only considering
temperature as an influencing factor for assessing contamination risk of a DUWL, there may be other
important factors neglected, which are part of the water system. But those can have a decisive influ-
ence when thinking about possible stagnation problems (e.g. caused by dead ends) at an outlet.
Even in the case of high water temperatures over 55°C, as mandated by guidelines (Bartram et al.,
2007, EWGLI, 2017, DVGW, 2015, VDI/DVGW, 2013), outlets with additional risk factors will still

have a higher degree of contamination risk.

There are interactions of the piping system materials, the water as carrier, and the components in
the water, as well as interaction between bacteria (e.g. Legionella), mycobacteria, amoeba and bio-
film in the piping network, causing food and host situations. This might cause biofilm aggregation in
water piping systems (Wang et al., 2012). Whenever possible, the temperature should be kept out-
side the range where Legionella favourably grows. Some authors point out the difficulty in maintain-
ing constant water temperature levels throughout the water system of facilities (Cristino et al., 2012).
This might be due to long distribution ways through pipes, and demand-orientated modifications of
sub-systems. Another factor, which should be taken care of, is recognised in the selection of appro-
priate plumbing materials that support neither microbial growth nor the development of biofilms (Lin
etal., 2011b).

Additional to the facts mentioned before, is the presence of certain materials in the fittings, such as
rubber or PVC. These facilitate the adhesion of micro-organisms and contributes to the formation of
biofilms (Wingender and Flemming, 2011, Flemming et al., 2014).

A study by Demirjian et al. (2015) reports about the importance of clinical surveillance and on risk
factor and technical assessment. For that they focused on a group of 19 buildings that had at least
medium levels of contamination at the primary sampling. The authors categorise their study as being
a prevalence survey and risk factor analysis focusing on the water systems rather than the users.

They found:

1 that nearly all buildings had considerable technical difficulties

1 increasing the temperature of the central calorifier had little, or next to no, effect in the pe-
ripheral system, but sometimes increased the temperature difference between the central
supply and the most-removed outlet to >30°C
Pressure valves were commonly lacking or not functioning properly
there was no sufficient hydraulic control
in older buildings there were often numerous changes and additions to the system but no
plans showing the actual extent of the hot water system

1 Maintenance was usually restricted to the calorifier
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1 the condition of either the pipes or the insulation throughout the system was largely unknown

as long as no pipe burst or flooding occurred.

The authors suggest that for buildings in which Legionella contamination at medium level or above
is detected, seizing the opportunity to perform a technical assessment of the water system with iden-
tification and removal of critical points, as well as the implementation of risk control measures and
maintenance, may be worthwhile. However, they argue that it was not possible to compare the ex-

posure in the buildings surveyed to the actual occurrence of clinical cases of legionellosis.

It seems to be important, however, to include outlets which are furthest away from the calorifier within
a buildingdéds DWPS. Outlets of that kind usual
ertheless, the surveillance and identification of true risk areas (conceptional, systematic approach)
and determining factors is rather more important than relying on just sampling the furthest outlet
(Bartram et al., 2007, EWGLI, 2017, DVGW, 2015, VDI/DVGW, 2013).

Finally, when measuring and monitoring Legionella contamination in potable water systems, there is
always an amount of uncertainty due to a wide variation in bacterial concentration over time
(Rodriguez-Martinez et al., 2015, Napoli C. et al., 2009, Vélker et al., 2016). Although care may be
taken to standardise sampling, there may have been influences from external sources (e.g., user
behaviour or construction works) existing environmental influences, knowledge and cooperation of
people or institutions being involved, having a decisive effect on the result of the analysis and the
outcomes of risk assessment. Generally speaking, a number of uncertainties remain in exposure
assessment, risk assessment, and the development of adequate prevention and control strategies

for Legionella in any building / organisation (Whiley et al., 2014).
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3.5 Summary background two

I n order to provide clarification of how the two
understood in this research context, the author suggests the following simplification, which is in line
with the definitions of FM presented early in chapter 3:

1 Estates: the building structure and the environment that is defined by the building
1 Facilities Management: managing the equipment and services, that are necessary for the

proper operation of a building.

Taken from literature, the following highlighted aspects present gaps in the current water safety man-
agement principles, for which Estates and Facilities Management is responsible for:

1 In healthcare not only the health of patients and staff might be affected (working people such
as doctors, care personnel, cleaning personnel, and service personnel), but also the perfor-
mance of and confidence in the organisation (Diederen, 2008, Freije, 2005).

1 Quality, performance and knowledge management (Liyanage and Egbu, 2005, Liyanage and
Egbu, 2006, Liyanage and Egbu, 2008) are key drivers for quality service delivery in FM
businesses.

T Water safety plans (WSPs), which describe a
ri sksd are a component of the WHOO8s framewor k
namely &édsystem assessmenagémedamoandocommpndni aat
ulates the motivation of people responsible to think about safe limits for achieving health-
based targets (Lee, 2017 p.23).

1 Once Legionella has colonized a water system, eradication is usually unachievable
(Marchesi et al., 2011, Garcia et al., 2008, Zhang et al., 2007).

1 The actual risk for transmission of legionellosis: The questions arising from the gap that oc-
curs, when estimating the level of exposure from the level of contamination of the system,
are challenging, especially in the context of hospitals (Hines et al., 2014).

I For agiven pathogen it must be considered on the basis of severity of the associated illness,
sources of contamination, data on preventative measures, available detection methods, re-
medial technology, and legal issues (Freije, 2005).

1 Risk assessment combined with environmental monitoring has been effective in predicting
risk. This can be read in studies in countries like Italy, Spain or USA (Lin et al., 2011a, Sabri”
et al., 2005, Squier et al., 2005, Boccia et al., 2006). Most European countries mandate
routine culturing of the hospital drinking water for Legionella spp. (Pleischl S. et al., 2002).

1 In the UK (England) an adequate sufficient Legionella risk assessment compliant with
BS8580:2019, ACoP (L8) and HTMO04-01 shall be carried out by the trust's externally ap-
pointed specialist independent advisor on all buildings currently owned or occupied by the
trust.

1 By taking a focus on the healthcare sector, effective and efficient processes are of high im-
portance, especially with respect to the primary mission of hospitals. Therefore process man-
agement is an important approach to allocate competences and responsibilities in order to

ensure high quality in processes (Kukla, 2015).
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1

Hot potable water is the most common source of nosocomial and community-acquired le-
gionellosis worldwide. The water is dispersed by shower-heads, fittings, etc., and there are
numerous reports of colonization of warm water systems in different types of buildings (e.g.
hospitals, nursing homes). The complex structure of warm water systems is believed to pro-
vide favourable conditions for the growth of bacteria (Mathys et al., 2008).

Various direct or indirect risk factors, coming from the built environment, can be found in
research. The distance of an outlet can be an indirect risk factor. Risk factors can result from
the furthest outlets within a DWPS. Some of them are stagnation, temperature loss, and
increased biofilm formation (Borella et al., 2004). Flannery et al. (Flannery et al., 2006) iden-
tified the height of a building of over 10 floors as a risk factor.

Borella et al. (Borella et al., 2004) and Mathys et al. (Mathys et al., 2008) identified the age
of a plumbing system as a crucial risk factor. Current regulations rely on culture-based meth-
ods to assess the presence of Legionella in DWPS. Control focuses on detecting and elimi-
nating favourable conditions for Legionella growth, by which risk factors may decrease.

A decisive factor in the control of Legionella growth is appropriate maintenance of water
distribution systems. Temperature, for example, is an important parameter that helps in con-
trolling Legionella colonisation.

Another factor, which should be taken care of, is recognised in the selection of appropriate
plumbing materials that support neither microbial growth nor the development of biofilms (Lin
etal., 2011b).

Although care may be taken to standardise sampling, there may have been influences from
external sources (e.g., user behaviour or construction works) existing environmental influ-
ences, knowledge and cooperation of people or institutions being involved, having a decisive
effect on the result of the analysis and the outcomes of risk assessment. Generally speaking,
a number of uncertainties remain in exposure assessment, risk assessment, and the devel-
opment of adequate prevention and control strategies for Legionella in any building / organ-
isation (Whiley et al., 2014).

A focus on checking up on and controlling the condition and correct operation of the hot
water system in residential and other buildings is warranted (Demirjian et al., 2015).

Risk assessments will be issued to the WSG and an action plan derived by the group. Risk
assessments shall be reviewed on a regular basis by the WSG to determine if there is a
need to carry out a re-assessment; this would be based on an assessment of change or

known issues.

In order to be compliant, people responsible must be aware of and take on responsibility. For that

specific guidance and the national legislation frame with standards and mandatory duties to be ful-

filled are important to know. This will be part of the next chapter.
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4 Background three - Legislation, standards, guidance

The previous chapter presented the professional fied of Estates and Facilities management. Stake-
holders who work in or collaboratively with that specific field must be oriented and receive guidance
in terms of water safety, Legionella prevention and risk management of water systems in hospitals.
For that, the following sections of this chapter will provide a comprehensive overview, relevant to the

research context.

4.1 The role of national laws, standards and regulations

Organisations, such as hospitals, are covered by a series of mandatory documents. They include
laws, regulations, or any other authority enforcing organisations to do everything in their power to
protect building occupants from potential or known hazards. It comprises different focuses, according
to the area of interest and to national bodies of authority. For safety and health issues of occupants,
for example, the Health and Safety Executive in the United Kingdom (HSE, 1974), the A
chutzgeset z/ Ar b SFMIEB, 201%), attlehe Btaatssekretariat fir Wirtschaft SECO
in Switzerland (SECO, 2015) set national framewaorks for responsibility. As the research of phase la
focuses on the countries Germany, The United Kingdom and Switzerland, country-specific docu-

ments with focus topics on these countries are given a special attention.

As stated in the literature, legionellosis qualifies as a known hazard. Underlying existing standards
mean that organisations are consequently much more likely to be found guilty of negligence in a
lawsuit, if a simple analysis proves that appropriate preventative measures were not taken (Taylor,
2014). In the context of hospitals, the incidence of clinical cases of legionellosis is estimated at be-
tween 1/10,000 and 1/100,000 of the population (Parr et al., 2015). This is interesting in the light of
the fact that the potential exposure to aerosols is substantial. Due to under-diagnosis and under-
reporting the true incidence is largely unknown. Data from Norway report that Legionella spp. could
be detected from 6% of patients hospitalised for community-acquired pneumonia (Rgysted et al.,
2015). Probably a larger challenge for physicians and people responsible is, that the actual infectious
dose for Legionella spp. still remains uncertain (Whiley et al., 2014). This should be kept in mind.
When counts of Legionella spp. exceed the threshold level of 1,000 CFU/L, European and lItalian
guidelines advocate increased clinical and environmental surveillance. Casini et al. recommend dis-
infection measures, when one or more cases of healthcare-ac qui red Legionnai
served or when counts exceed 10,000 CFU/L (Casini et al., 2008).

Even the presence of guidelines at a local level can be observed. Allegheny County (Pennsylvania,
USA) guidelines (Squier et al., 2005), for example, constitute that the risk of nosocomial transmission
is more related to the extent of colonisation (i.e. percentage of positive cases) of sites which are at
a distance to water, than to quantitative measurement of Legionella. The guidelines recommend that
environmental surveillance should be performed annually at least, whereas transplant centres, on-
cology and neonatology should be tested more frequently. Guidelines furthermore suggest consid-
ering disinfection measures for a hospital in the case of exceeding 30% for distal sites being tested
positive (BAG/BLV, 2018 p.79). This should be mandatory due to the particular need for protection

of the persons concerned, even in the absence of nosocomial legionellosis.
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There may be different categories that guide and reflect the ambitions of legislation, liability and
guidance. According to BIFM (BIFM, 2015) they comprise:
1 Regulatory requirements
1 Organisational responsibilities
- The process (i.e. water safety risk management and prevention)
- The subject (i.e. Legionella)
- The organisation (i.e. hospital / Trust)
- The people (i.e. those responsible at management levels)
1 Personal responsibilities
- Control (i.e. measurement of compliance; detection)
- Transparency (i.e. processes, policies and procedures)
- Accountability (i.e. responsibility of individuals for their scope of duties)
- Awareness (i.e. training; education)
- Prevention (focus on acting resonsibly; risk management, quality management)

- Management (good management practices adopted, actively lived processes)

4.2 Drinking water governance and management challenges

The Council Directive of the European Union states that water supplied from a distribution network
should fulfill quality requirements (including
or an establishment, at which it emerges from the taps that are normally used for human consump-
t i ¢BEUP1998). Bereskie et al. (2017 p.252) discovered a list of themes on the basis of a literature
review. The list summarises challenges associated with the water governance structure in managing
drinking water in Canada. These themes found for Canada may also be thematised in other coun-

tries. Thus, this list could generally be contextualised with with other countries.

They presented the following themes, which will be considered for framework creation in the com-

mented way:

1 Fragmentation across political boundaries (Hill et al., 2008, Dunn and Bakker, 2009, Simms
and de Loé&, 2010, Bakker and Cook, 2011).

1 Governance gaps, overlapping responsibilities, duplication of efforts (Dunn and Bakker,
2009, Simms and de Loé, 2010, de Loé and Murray, 2012, Bakker and Cook, 2011).

1 Discrepancies among the mandates and administration leading to confusion surrounding
leadership responsibilities and inconsistent resource allocation (Simms and de Loé&, 2010).

1 Lack of accountability and coordination between tiers of governance (Bakker and Cook,
2011).
Inadequate monitoring and enforcement (Dunn and Bakker, 2009, Bakker and Cook, 2011).
Resistance to change and barriers to learning (Simms and de Loé&, 2010).
Failure to integrate activities at spatial and temporal scales (Dunn and Bakker, 2009, Simms
and de Loé, 2010).

1 Difficulties in evaluating performance (Simms and de Loég, 2010).
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1 Tension between harmonization (i.e., the selective standardization of laws, rules and norms)
and subsidiarity (i.e., the delegation of decision-making and policy implementation to the
lowest-appropriate scale) (Bakker and Cook, 2011).

According to a literature review there is an existing under-representation in the literature about spe-
cific focus topics in water safety management practices in Estates and Facilities Management in
hospitals (Leiblein et al., 2016). Therefore, a focus on the aforementioned themes is given space in

this thesis. It will be considered throughout the overall process of elaboration of the present research.

To bring together a better understanding and awareness of governance and management challences
in the context of the current research, a deeper look at current legislation, standards and guidance
becomes necessary.

The following sections aim at setting the focus of the research by reviewing and bringing together
official documents on drinking water hygiene. They cover likewise topics of water protection and
water safety management legislation, policies, associated quality management frameworks, and
other requirements. The documents are referenced within their country-specific relevance and are
classified into the respective document category. Selectively excerpts are made on focus-topics with
relevance to the research context scope. This is done especially for the United Kingdom and England
(chapter 4.3.3 and 4.5), as it is the main research focus. Furthermore it will be done for Germany

(chapter 4.3.4) and Switzerland (chapter 4.3.5), as they are considered in the exploratory phase la.

Reviewing law, regulations and best practice brings together and presents relevant information to
which this research wants to contribute. Nevertheless, other countries have been considered during
the literature review process, too, which can be characterised as an ongoing literature review and
comparison process, as legislation, standards, guidance, recommendations underwent official revi-
sions from their editing bodies, or have become outdated by changes in legislation during research.
It took enormorous effort to deal with such changes in legislation, as the research is oriented to be a

practice oriented one, with a final framework output relevant for the present situation England.

Di fferent acts face the topics Oo6water safetyo6 ar
quality of (drinking) water coming from from the source, being delivered to the local provider, and
being brought to the consumer/end user. Along the way of the water there may occur potential haz-
ards emerging from different sources, such as contamination with bacteria (Legionella, Pseudomo-

nas). Service providers, building owners, businesses and industry must cope with all of them.

For Europe, the European Working Goup for Legionella Infections has proposed measures for cer-

tain concentrations of Legionella pneumophila in water samples (Table 4-1).
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Table 4-1: The critical Legionella pneumophila concentrations and associated measures, according to

(EWGLI, 2011, EWGLI, 2017)

Concentration limit

Measure

Between 1,000 and
10,000 CFU/L

<20% of samples

Resampling if necessary
If, after resampling, a similar number of sam-
ples are infected, it is recommended to take

measures to lower the concentration

>20% of samples

Obigation to take measures to decrease con-
centration

Disinfection should be considered

More than 10,000
CFU/L

Resampling necessary
Take immediate action to lower concentration

(for example, disinfection)

For identifying similarities or differences of country-specific contexts of the application of the pro-

posed EWGLI critical concentration limits, and for summarising regulations of different countries, for

different objects of regulatons, critical levels, the context of regulations and relevant documents, Ap-

pendix A

Table Appendix A-1 summarises relevant information. Common is the different use of drinking water

for different purposes, such as spa pools, swimming pools, showers, cooling towers, air conditioning

systems or process water applications. Risk arises, when aerosols might be released when operating

a water system.

As can be read in legislation, regulation or guidance documents of different countries, there exist

different contexts of regulation, values for PWC, PWH, PWH-C as well as different action values and

recommendations. For selected countries
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Table Appendix A-2 compiles international regulations on drinking water requirements in building

installation systems to reduce the growth of Legionella.

Not only temperature is regarded a parameter for continous monitoring and testing in order to enable
effective prevention, but also sampling, sampling methods and limit values for Legionella concentra-

tion were discussed. They differ from country to country (Table Appendix A-3).

4.3 Comment on international references

Differences in current regulations are in line with findings from Van Kenhove et al. (2019). Although
there may be multiple similarities, it can be noted that current Legionella regulations and guidelines
have some differences. It is interesting, that the target group is often very specific. A large proportion
of documents are applicable to a limited group of buildings (healthcare) or specific contexts of appli-
cation (cooling towers, HVAC). The European Centre for Disease Prevention and Control (ECDC)
publish reports and guidelinest o conti nuously inform about recent
and current best practice available (ECDC, 2017a). In healthcare environments the risk of infection

is higher due to the potential higher concentration of elderly or immunocompromised people.

It is evident that the definition of what constitutes a dangerous Legionella concentration level varies
between countries. It may even be up to a factor 100 in difference. Non-European documents (e.g.
ASHRAE [American Society of Heating, Refrigeration and Air Conditioning Engineers]) do not include
critical levels, nor do they provide a large amount of guidance on testing limits. Most guidelines and
regulations talk about Legionella in general, but if L pneumophila is what is actually meant, this could

be specified in future updates and a unification of the guidelines.

The likelihood of illness depends on the concentration of Legionella in the water source, the produc-
tion and dissemination of aerosols, host factors such as age and pre-existing health conditions, and
the virulence of the particular strain of Legionella. At the same time, it has to be recognized that most

exposures do not cause illness (WHO, 2018).

4.3.1 The United States of America (Standard ASHRAE 188)

The former draft of ASHRAE-St andard 188P entitled ALegionell os
Water Systemso puts forward cr irstasdrbuilding tvader dysgeimp. f a c
The target is avoiding amplification and dissemination of Legionella. With respect to the design and
operation of the building water systems, the standard aims to provide practical guidance to control
exposure. It includes design, maintenance and operational procedures throughout the life-cycle of a
building (Martin, 2012, Scott, 2014). The topic Legionella and water safety might be discussed com-
prehensively in the ASHRAE Standard on Legionella Prevention (Freije Matthew, 2014). Publication
of the Standard was planned for midyear 2015, but it had been postponed several times. Neverthe-

less, national contexts and authorities determining regulatory and technical standards need to be

considered.
The ASHRAE guideline 12-2000 ( f or industry) AMinimizing the ri
buil ding water systems, 0 provides specificisignvir
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the risk of Legionella infection in building water systems (ASHRAE, 2000). In 2015, ASHRAE re-

leased a standard for Legionella risk management.

This was the first Legionella standard in the United States. American National Standards Institute
(ANSI)/ASHRAE Standard 188-2 0 1 5, i Legriiosnke Inhaonsaigsee ment for buil d
provides minimum legionellosis risk management requirements for the design, construction, com-
missioning, operation, maintenance, repair, replacement, and expansion of new and existing build-
ings and their water systems and components (Lindahl et al., 2015). The publication includes a de-
scription of environmental conditions that promote Legionella growth and the creation of a risk man-
agement process to be implemented by building owners or managers. The applicability of the stand-
ard depends on asurvey ofthebui | di ngdés ri sk factors (based on |
for identifying systems that pose a risk of legionellosis. If the building has one or more risk factors,
then application of the standard is dependent on the nature and number of risk factors identified. In
some cases, it also requires the site manager to develop a water management program. There is
also a particular section that provides specific guidance for health care facilities. The standard does
not provide a large amount of guidance on temperatures, water treatment strategies, or testing limits,

and no critical levels of concentration are mentioned.

However, after a series of public drafts reviews released by the Board of Standards (BSR)/ASHRAE
since the first draftin 2010, intheSt andar d 188P APrevention of | egio
water systems, 0 water t e mpLegiorellaucontrolsram sedan folowsdthet i o n ¢
hot water heater outlet temperature should be at or above 60°C; the hot water temperature at the
coldest point in the hot water heater, storage tank, or distribution system should be at or above 51°C;
and the cold water temperature in any part of the system should be at or below 25°C. If the hazard
analysis and critical control point team determines that these temperatures cannot be achieved, then
it may conclude that additional hazard control measures are required. In 2018 ASHRAE has finally
worked on revisions from the publicly reviewed draft of the standard (Kelechava, 2018). In the United
States, there were only guidelines, and no regulations, until 2015. In 2015, the first official require-
ment to test for Legionella in cooling towers was released. This was followed in 2016 by the require-

ment to test for Legionella in health-care facilities (Stout, 2017).

The American Society for Testing and Materials (ASTM) and Centers for Disease Control and Pre-
vention (CDC) guidelines exist for the prevention of and reaction to outbreaks (CDC, 2019) (CDC,
2005) (CDC, 1997). There is a toolkit available on their website that is very useful for developing a
Legionella water management program (Cooley, 2017, CDC, 2017a). There is also the Industrial
Hygiene Association guideline (IHA), with recommendations for Legionella testing. The ASTM
iStandard guide for the ilegonalaand tlennvestiation aftp@ssibles y st
out breaks of | egi on el(ASTM,i2815)0Thedguiteeexplaifsr appropridt® rke-5
sponses by employers, building owners and operators, facility managers, health and safety profes-
sionals, public health authorities, and others to the concern that a water system may be infected with
Legionella and to the identification of one or more cases of legionellosis (i.e. Legionnaires disease
or Pontiac fever) (Russotti, 2015).
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4.3.2 The United States of America: Centres for Disease Control

In 2016, Legionella made the drinking water contaminants list of the United States Environmental
Protection Agency (EPA). In 2017, the Centers for Medicare & Medicaid Services (CMS) released a
mandate requiring all certified hospitals to have potable water testing and water management plans
that meet American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) in-

dustry standards to reduce Legionella risk (Van Kenhove et al., 2019).

To avoid a citation and receive Medicare or Medicaid reimbursements, hospitals and long-term care
facilities must Ademonstrate measureso that
care & Medi cai d R&uairementtoaesiucd LEedSdlla risk in healthcare facility water

systems to prevent cases and outbreaks of Le gi onnai r e s 6. Adguidaneaaisthe CME D) 0

memorandumt i t S&€ #7-36-Hospitals/CAHs/NHs6 . Rlaes noti give prescriptive, detailed pro-
cedures to follow. It simply requires a water management program (WMP) that minimises the risk of
Legionnaires6é disease, giving the facility fI
provided the program fconsiders the ASHRAE

cludeséenvironment al (Frejes200l8ng f or pat hogenso

fEven the ASHRAE standard (ANSI/ASHRAE Standard 188) and CDC toolkit to which the CMS
memorandum refers outlines only a framework for a WMP, still requiring the facilities to determine
the specific policies, procedures, and control measures with which to fill the framework. Decisions
about those details are crucial. Ideally, hospitals and nursing homes will implement an effective
WMP, one that truly reduces Legionella risk, without wasting money on unnecessary procedures.
Inspections of hospitals and nursing homes will be a key to success (real prevention at a reasonable
cost) of the CMS requirement. Assuming the inspections are short, surveyors will have limited time
to determine whether the facility has established and implemented an effective WMP, so they should
ask clear and objective questions that reveal whether crucial criteria have been met. The checklist

should be consistent from state to state, facility to facilityo (Freije, 2018).

Matt Fr ei j &lgpsintphectliptdaseddn wordinginthe CMS memorandum (CDC, 2017b),
might provide a starting point (Freije, 2018). The list suggests the following questions to be answered,

but it is commented that the list may be expanded and refined as surveyors get more experience:

1. Has the facility conducted a risk assessment to identify where Legionella and other opportunistic
waterborne pathogens (e.g. Pseudomonas, Acinetobacter, Burkholderia, Stenotrophomonas, nontu-

berculous mycobacteria, and fungi) could grow and spread in the facility?

Based on ASHRAE 188 and the CDC tool kit a faci

systems it has. Does the WMP document list a brief description of each one of the following types of

water systems on the property (Table 4-2)?

Table 4-2: Property checklist énumber and description

Type of water system No. of systems | Each described?

on the property

Domestic cold water
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Domestic hot water

Cooling tower or evaporative condenser system

Decorative fountains

Whirlpool spas

2. Has the facility established a water management program (WMP) for the water systems listed in
#17?

3. Does the WMP list specific preventative measures (control measures) for the operation and
maintenance of the types of water systems listed in #1 (e.g., physical controls, temperature manage-
ment, disinfectant level control, visual inspections)? How many control measures are listed for each

system type (Table 4-3)?
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Table 4-3: Property checkndtirsdl 6maanbere 08

Type of water system No. of control measures

Domestic cold water

Domestic hot water

Cooling tower systems

Decorative fountains

Whirlpool spas

4. Does the WMP include Legionella control measures for the design, specification, construction,

and commissioning phases of new building and major renovation projects?

5. Does the WMP outline specific steps for responding to incidents such as water main breaks, and

for planning temporary system shutdowns?

6. Per ANSI/ASHRAE Standard 188-2015 and the CDC toolkit, does the WMP list performance cri-
teria (control limits) for each control measure, a monitoring procedure for determining control meas-
ure performance, and corrective actions to take if the control measure is not performed within the

control limit?

7. Does the WMP outline specific steps for responding to a suspected or confirmed case of Legion-

nairesdé6 di sease?

8. Does the WMP outline specific and meaningful validation procedures? The facility should be able

to provide brief and clear answers to the following questions:

a) What are the specific method(s) of validating its WMP for effectiveness in controlling Le-

gionella?

b) Why are the validation methods reliable in indicating whether the WMP is effective in

controlling Legionella?

¢) How can the validation method(s) help the facility improve its water management practices

for reducing waterborne pathogen risk?
9. Is the facility validating its WMP by environmental testing for Legionella or other pathogens? If so:
a) For what pathogen(s) is it testing samples from the water systems?
b) Which water systems are being sampled?
¢) On what criteria is the facility interpreting test results?

d) Does the facility have a specific plan for responding to test results?
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e) Does the facility have tools (e.g., spreadsheet or database) for monitoring test result

trends?

10. Does the WMP include a written plan for communication and notification (e.g., of test results)?

Are all necessary departments (e.g., facilities engineering; infection control) included?

11. Did the facility show documentation to verify that the WMP control measures, validation proce-

dures, and corrective actions have been implemented for the past 12 months?

4.3.3 Orientation for people responsible in England (UK)

Table Appendix A-4 to Table Appendix A-8 list UK specific legislation, regulations, standards, indus-
try guidance and BSRIA guidance on water safety management. Not complying with the ACoP L8
can bring prosecution under health and safety legislation. Duty holders must carry out or initiate risk
assessments. There is the requirement to ensure understanding of all rules concerning buildings or
activities where water is used or stored and where there is a means of creating or transmitting water
droplets or spray (aerosols) which may be inhaled by occupants. Noting of cross references to
HSG274 parts 1, 2 and 3. HTM 04-01 Parts A, B, C and annex D08 should be read in conjunction
with the HSE6s Approved Code of Practice (L8) an

new and existing sites.

There could also be influences by potential effects of Climate Change Act 2008 which is in place for
reducing energy consumption. Section 1.18 of HBN 00-01 explains that healthcare organisations
need to be mindful of the Climate Change Act and the resultant measures that need to be taken,
particularly with regard to flooding, drought, hot weather and freezing temperatures (for further guid-
ance, see Health Building Note (HBN) 000771 6 Pl anni ng for a r esiSediemnt h
1.19 of HBN 00-01 states that one of two main areas of focus for action with respect to climate
change is mitigation, which reduces the impact of business functions on the climate through the
lowering of carbon emissions from energy use, the reduction of water consumption, improved effi-
ciency of transport etc. Under the Climate Change Act, the government has set up the CRC Energy
Efficiency Scheme, which requires large public and private sector organisations to achieve energy-
saving targets. Such programmes may have a direct effect on energy consumption, and thus, for

example temperature levels of hot water systems.

During a specific conference on Legionella, held in Glasgow on March 28t 2019, it was pointed out
by a representative of Health Facilities Scotland (HFS), that in healthcare projects, client briefing is
very often unclear. The following section highlights some content, which was published in the event
report (Maynard, 2019a, Maynard, 2019b). It was described that there is almost no learning from
previous projects, no specification of materials or quality considered, and no specification of
deliverables at handover nor checks at project milestones. Estates, FM and Infection Prevention and
Control (IPC) are not involved early enough in projects and there are often insufficient technical skills
in design teams. This could mean, for example, the selection of taps and basins on aesthetics, and
not on engineering and infection control benefits. There are also examples of avoidance of guidance
to save money, value engineering, derogations. The HFS representative noted that a) poor
supervision of installation, b) contractors not trained in healthcare specifics, c) designers not

attending site during installation, d) commissioning poor |, e) the use of c hemi
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systems, causing invalidation of the warranty of taps and other components - he argues that water
systems should ideally be kept uncontaminated, f) failures not challenged, and g) Insufficient
adequate safe access for all services/ maintenance. The speaker critically summarised that project
success is measured only as a function of time and money, not quality. Furthermore there is also a
lack of training for all stakeholders. For the post-occupancy phase he found that a) the contractor
does not take on responsibility for managing systems, b) maintenance is not to best practice, c) water
management is poor or noni existent, d) there's no seasonal commissioning, e) FM teams are not
sufficiently competent, f) infection control issues need handover checklists, and g) a lack of training.
He concluded that there should be a review of construction management guidance to establish how
it can provide assurance that similar issues will not occur in future projects. Her further recommends
consideration to be given to the production

known as Authority Contract Requirements (ACR) or Board Contract Requirements (BCR) as a
National resource for all Boards. Finally he proposed the consideration for updated water and other
guidance to include: a) thermal disinfection in sections of water distribution systems, b) handover
checklists, ¢) contract management procedures, d) design guides to eliminate thermal pickup in cold
water systems, e) update advantages and disadvantages of chemical disinfection techniques, f) the
organisms that should be tested for and action to take on a defined level, g) drain cleaning regimens,

and h) biofilm growth in drainage systems.

4.3.4 Orientation for people responsible in Germany

Guidance to landlords or management responsible in estates or FM, who are in charge of premises
can be found in a wide range of national publications. But one of the weaknesses is risk assessment
(Bartz, 2017 p.43). The common sense basis is that a possible health threat is given when the pres-
ence of Legionella in higher proportions in any water sample is proven positive (Hoebe and Kooal,
2000). Legionella outbreaks have resulted in the classification of the disease as a public health pri-

ority in Germany.

Hereby a technical threshold level (TTL) for Legionella spp. is specified in the German drinking water
ordinance (BMG/FMH, 2016). The limit defines drinking water may not exceed 100 colony forming
units CFU/ 100 mL. Sampl es exceedinhg mt(D\ECWe 0@ )\

The TTL is regarded as a minimum level, above which technical interventions are required.

In Germany legislation on Legionella and drinking water was introduced in 2011. Suddenly the mon-
itoring for Legionella spp. became mandatory in all public, commercially operating and private build-
ings operating hot water systems of a certain size and of certain criteria (Bartz, 2016). The German
drinking water ordinance aims to give orientation in assessing the exposure risk to Legionella spp.
throughout the population caused by water systems of facilities and building stocks. If seen neces-
sary appropriate protective measures should be applied (BMG/FMH, 2016). The strict policy is the
consequence of the lack of a reliable dose-response model which can reliably identify an unaccepta-
ble risk of infection. A proposed cut-off level of 30% positive samples to estimate the risk of Legionella
in drinking water plumbing systems (DWPS) (Lin et al., 2011a) has been questioned because it is

not sufficiently precise or sensitive (Pierre et al., 2014).
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In Germany, there is the Technical Rule W551 (2004) and the worksheet W556 (A) (2015) for drink-
ing water installations, which recommend some best practice for drinking water installations to keep
a high water quality in the drinking water system. Generally they can be summarised by
(Suchenwirth, 2017, Pleischl, 2017):

Keeping the stored water volume small

=

Keeping hot water temperature above 60°C when leaving the tank and at or above 55°C in
circulation distribution pipes. This is in accordance with DIN 1988-200, section 10.2.3
Keeping non-circulating (like end-use) pipes short

Avoiding stagnation

Regular maintenance and inspection of the system

Rehabilitation, such as the use of insulation and the use of electronic self-flushing taps

= =4 a4 - A

Perform hygienic-microbiological examinations

A journal article (Leiblein et al., 2018) describes situations of Legionella prevention in drinking water
systems in buildings, argued from practice and reflected in the legal situation in Germany. Along with
presenting a summary of current statutes, standards and guidance (Table Appendix A-9), the authors
present well documented court decisions and highlight proper execution of sampling, independency,
risk assessment and hazard analysis in the context of water safety management. Non-conformity in
service delivery may not also endanger persons, but may result in compensation payment for pain
and suffering. The idea behind the article is to sensitise those people responsible for the topic. A
goal of this article is described to raise consciousness about consequences in circumstances not
complying with given regulations (law), and rules or standards, whi ch are often ref

erally accepted rules of technologyd and to whict

4.3.5 Orientation for people responsible in Switzerland

Guidance to landlords or people responsible in FM, who are in charge of premises in Switzerland,
can be found in national publications such as Swiss Norms (e.g. SIA 285-1, SIA 385-2) or in the
regulations of the SVGW, the Swiss Society for the field of Gas and Water. Within the publications
fromthe SVGW,nor mati ve technical rul es canhelfound specffidally 6 W3

for the topic area covering water management.

The FOPH has published guidelines for testing of Legionella for several types of facilities. There it
can be read that facility water systems in private and public facilities in Switzerland are subjected to
different thresholds regarding the risk assessment of a potential contamination (FOPH, 2009).
Obtained from the recommendations, limits for concentration of L pneumophila in the water system
are used for orientation, but are missing legal enforcement. | n modul e 13, ASpeci a
and car e h o melLsgionellalin tmeiwater systems of hospitals are presented. A report
(FOPH, 2008) concluded that the incidence of legionellosis in Switzerland is relatively high compared
with other countries in Europe. FOPHG6s ongdocu-ng st
ment an increasing number of deaths caused by legionellosis. The numbers represent all cases
notified to the FOPH. Statistics are listed consecutively due to the fact that in Switzerland legionello-
sis is a notifiable disease since 1988. In a module-based document the Swiss authority reports on

different perspectives on Legionella and prevention strategies. Special cases are seen in hospitals
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and care units (FOPH, 2009). The Swiss regulations on drinking water i including Foodstuffs and
Consumer Goods Regulations, Hygiene Regulations and Regulations on Drinking Water, Spring Wa-
ter and Natural Mineral Water i made no mention about Legionella for many years. However, path-
ogens are tolerated up to a limit to 300 microbes per millititre. Legislation modified in 2016 and rec-
ommendations of the FOPH, which have been revised in 2018, emphasize a stronger focus on self-
control of healthcare facilities to be ensured by their own risk management programmes. Now they

even include threshold levels for Legionella contamination in a drinking water system.

With regard to operator responsibility and duties the legal situation for Switzerland can currently be

summarised as follows (Table Appendix A-10):

1 According to Art51 of the Federal Act on Foodstuffs and Consumer Goods of 20 June 2014
(FC, 2014), the cantonal chemist implements the Foodstuffs Act in the field of foodstuffs and
utility articles. Shower water is defined as a "commodity" and must meet the legal require-
ments of the Ordinance of the Federal Department of Home Affairs on drinking water in
publicly accessible baths and shower facilities of 16 December 2016 (FC, 2016b).

1 On the basis of Articles 15 and 33 of the LMG and Article 72 of the Ordinance of 16 Decem-
ber 2016 on Foodstuffs and Utility Articles (TBDV) (FC, 2016a) in conjunction with Articles 9
and 13 of the TBDV, water samples and thus sampling points of a water system can be
objected to in the event of a corresponding laboratory finding.

1 Within the framework of the legal obligation to self-inspection pursuant to Article 26 of the
LMG and Article 73 et seq. of the Ordinance on Foodstuffs and Consumer Goods, all pro-
cesses relating to shower and bath water in an establishment (hospital/nursing home) must
be checked for defects. If necessary, appropriate measures must be taken to sustainably
improve the microbiological situation of the water in the shower facilities. Information on the
procedure can be found in the document Legionella and Legionellosis, BAG/BLV Recom-
mendations, August 2018, Modules 11 and 12 (BAG/BLV, 2018).

4.4 The World Health Organisation and the Water Safety Plan

For the purpose of providing safe water, experts and the World Health Organisation (WHQO) have
developed the Water Safety Plan (WSP). It constitutes a scheme for preventing and controlling po-
tential risks through system assessment, monitoring, surveillance and management/communication
(Bartram et al., 2007). That systematic approach is required to secure microbial safety of water by
which health outcomes can be improved. It is this important milestone that set going the improve-
ments that can be recognised today in different characteristics, which all strive for protecting the
health of people and providing a conscious handling of one of the most precious elements for human

life: water.

The objectives of a water safety plan are to ensure safe drinking water through hazard analysis,
HACCP based risk assessment, management and monitoring plans backed up by supplementary

programmes; including training, surveillance and communication.
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4.4.1 The Water Safety Plan of the World Health Organisation

National legislation differs from country to country, but water-associated risks are common to all. One
of these risks can be interpreted in the presence of the bacteria Legionella in water. Thus, the water
distribution systems might be seen a potential source of risk, which is aimed to be controlled, moni-

tored and managed properly over time.

To reduce the risk of damage to health, the World HealthOr gani sati onés gui del i ne
quality recommend that health care facilities adopt a water safety plan (WHO, 2011) to practise as a
substant i al part of their risk management. The wate
preventing or controlling the riskso that consi deé
agement and communication (Stanwell-Smith, 2014). The use and provision of microbiologically
clean (hygienic) water also complies with the generally accepted principles of preventing infection in
industrialised countries. Not only assessing potential hazards is crucial for Legionella prevention
(KRINKO, 2006), but also raising awareness for potential sources of contamination, the source of
contamination itself, the water lines/water systems of any facility as well as the knowledge about the

latter should bring motivation to people being in duty.

fildeally, pnimimigireg rine ris@ of watarborne infection should occur at the design and
commi s si oni(8tanwedl-Snaitly, 204.4). But this situation is not always available and the ex-
isting facilities in the buildings must be considered appropriately. For that, the WHO has advocated
the application of WSPs to water systems in buildings and specialised equipment as well as to the
potable water supply. The drivers to implement these applications need to come from Government
and regulators (Bartram et al., 2007). Nowadays the requirements and strain on resources become
much more competing. In this dynamics the cost of water system maintenance can drop down, or be
crossed out of the list of priorities (Stanwell-Smith, 2014). Seen from a global perspective, increasing
national and international outbreak incidents have probably contributed to instigating legal improve-

ments and to develop a legal framework.

Regulations and guidance documents require a detailed description of the characteristics of the
plumbing system along with environmental monitoring as first steps to assess and to evaluate the
risk for Legionella contamination in the PWH system (Bartram et al., 2007). Data, coming from a
DWPS description plan, is the cornerstone for identifying risk areas and interpreting monitoring re-
sults. Furthermore, effective monitoring requires contemporary, approved and acknowledged sam-

pling methods and diagnosis.

4.4.2 Steps in the development of a WSP

To all hospitals, and also other healthcare facilities, the WHO guidelines for drinking water quality
(WHO, 2011) recommend adopting a WSP as part of their infection control programme (Figure 4-1).
Appropriate measures must be considered and realised in order to reduce the number of healthcare-
associated infections. This includes Legionella spp, potentially acquired from water (Williams et al.,
2013).
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Prepare
management procedures including a corrective action plan for normal and incident conditions

Develop
supporting programs (training, standard operating procedures, management system, etc.)

Establish
procedures to verify that the plan is effectively implemented

Define
what contol limits are necessary for acceptable performance, validate that hazard control has
been achieved under operating conditions and establish a monitoring program

Identify

hazard control measures

Assess
the existing system and produce a process flow diagram

Undertake
a hazard assessment and risk characterisation

Describe and document

Establish s
documentation and communication procedures

the system

Assemble
Water Safety Plan Team

Figure 4-1: Steps in the development of a WHO Water Safety Plan, according to McCoy and Rosenblatt (2015 p.520), modified
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A WSP is part of a framework for safe water quality (Figure 4-2) that also includes health-based
targets and surveillance. Action should be taken towards performing a water system assessment for
the facility, monitoring microbial counts for organisms of interest (including Legionella spp), dissem-
inating information, communicating recommendations, and maintaining surveillance activities over
time. The WSP of a healthcare facility must include both prevention and control measures for infec-
tious diseases that can be associated with originating from water. The implemented plan should
address issues specific to the facility, including treatment requirements, protocols for the cleaning of
specialized equipment used by the facility and the control of microbial growth in water systems and

equipment, which is being connected to the water systems (waterlines).

Framework for safe drinking water Supporting
Information
Public health context
Health-based targets and health outcome Microbial aspects
Water safety plans Chemical aspects
System . Management and Radiological
assessment Monitoring ‘ communication aspects
l Acceptability
aspects
Surveillance

Figure 4-2: Framework for safe drinking water , adapted from WHO (2011 p.165), modified

But, as for every other endeavour, WSP implementation can neither guarantee success nor is it a
self-runner (Setty et al., 2018). Nevertheless Dyck et al. (Dyck et al., 2007) observed no new case
of nosocomial L pneumophila after the successful implementation of a WSP, even with screening

each case of pneumonia for Legionella spp.

4.5 Commenting UK references with focus on water safety / Legionella pre-

vention

Building regulations are nowadays closely linked to energy conservation and the health, safety and
welfare of the occupants are cared for by the Health and Safety at Work Act. This Act is supple-

mented by detailed guidance on individual topics.

4.5.1 HSET Health and Safety Executive

HSE guidelines require all employers to review their water services and, if needed, prepare an action
plan for remedial work. Staff training and written record keeping are also required. This note reminds
employers of their obligations (Brundrett, 2003). Each of the 22 items (Table 4-4) is quested for

whether or not the risk assessment contain details which fulfil the HSG 274 requirements.
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Table 4-4: Guidance Checklist of Appendix 1 in HSG 274 (HSE, 2014)

Item no. | Advised requirement detailed in the HSG 274 document Appendix 1
1 Details of management personnel who play an active role in the risk management pro-
cess, to include names, job titles and contact information for:
2 An assessment of the competence of those associated with risk management, including
their training records.
3 Identification of roles and responsibilities, to include employees, contractors and con-
sultants.
4 A check to confirm that consideration was given to preventing the risk by elimination or
substitution before implementing appropriate control measures.
5 The scope of the assessment, i.e. the details and entirety of the plant being assessed.
6 Assessment of the validity of the schematic diagram which should include all parts of the
water system where water may be used or stored.
7 Details of the design of the system, including an asset register of all associated plant,
pumps, strainers, outlets and other relevant items.
8 Assessment of the potential for the water system to become contaminated with Le-
gionella and other material.
9 Details of any water pre-treatment process.
10 Assessment of the potential for Legionella to grow within the system and effectiveness
of control measures:
1 Chemical and physical water treatment measures;
9 Disinfection and cleaning regimes;
1 Remedial work and maintenance.
11 Evidence of corrective actions being implemented.
12 Evidence of proactive management and follow-up of previous assessment recommen-
dations or identified remedial actions.
13 Evidence of the competence of those involved in control and monitoring activities.
14 A review of the Legionella control scheme, including management procedures and site

records or logbooks, which include:

1 System maintenance records;

Liverpool John Moores University PhD Thesis




Background three - Legislation, standards, guidance 60

1 Routine monitoring data;

1 Water treatment and service reports;
1 Cleaning and disinfection reports;
1

Legionella and other microbial analysis results.

15 Quality of the supply water i where this is not wholesome, additional risks and measures

to mitigate the risk must be included in the risk assessment process.

16 Examination of tanks for configuration, flow pattern, protection against contamination,
materials of construction, condition, temperature, size in comparison to water consump-

tion and and cleanliness or contamination.

17 Any points in the system where there is a possibility of low or no flow, such as blind ends,

dead legs and little used outlets.

18 Any parts of the CWDS susceptible to heat gain to an extent that could support the

growth of Legionella.

19 Any parts of the system with low water throughput including, e.g. low-use fittings in un-

occupied areas or oversized tanks that may lead to stagnation.

20 Any parts of the system which are configured in parallel with others and where the water

flow could be unbalanced.

21 Hot water system return pipes i stagnation often occurs, particularly at points furthest

away from the water heater, where circulation has failed and the hot water has cooled.

22 Timely, appropriate remedial action to poor temperature or monitoring results and using
this as an indicator of the effectiveness and adequacy of the management controls in

place.

452 COSHH 1 Control of Substances Hazardous to Health

COSHH Regulations 1999

According to Wiggins (2010 p.286) the COSHH Regulations 1999 require the FM to carry out an
assessment of the risks in the premises. It comprises risks arising from exposure to legionella bac-
teria from all water systems. If the organisation employs five or more people, a written record of the
risk assessment is required. Prosecution may be a consequence in case of failure fulfilling this de-
mand. It especially impends if an incident has occurred that could have been reasonably anticipated,

based on a prior formal risk assessment. If there was the specific case that an occupant is a tenant

in a managed building, it is the | andlordds fi

out. However, the tenant and the landlord do have overlapping duties of care towards the occupants.

In addition, people responsible (e.g. in the field of Estates and FM) also need to judge whether or
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not the current control measures are suitable and sufficient. The control measures aim at either elim-
inating or controlling adequately the risks identified. In places where additional and essential
measures or controls were identified and are seen as necessary, precautions will protect work col-

leagues, all employees, staff, visitors, the public and the business itself.

453 ACoplL8
The Approved Code of Practice and Guidance L8

The Approved Code of Practice - L8 gives advice on the requirements of the Health and Safety at

Work Act 1974 etc. and the Control of Substances Hazardous to Health Regulations 2002 (COSHH,

chapter 4.5.2). In particular it gives guidance on sections 2, 3, 4 and 6 of the HSW Act and regulations

6, 7, 8, 9 and 12 of COSHH, d8 doéeseHSBrl| eéPanfod ety e 06
approved by the Health & Safety Executive Board with the consent of the Secretary of State.

The Approved Code of Practice and-TContdoflegondl8, AL
Bacteria in Water Systemso (ACoP L8) oudlatioanangeds t h
guidance concerning the safety of water systems in buildings. As can be read in Wiggins (2010), two
important documents have been published by the Health and Safety commission. Namely they are
the guidance document HSG274 and the ACoP L8-L e g i o n rliaeiase,arer@iioned above. Both
these documents offer essential practical advice on maintenance, water treatment and requirements
for monitoring. They give advice on the competence and training for staff being responsible for im-
plementing risk management activities. It comprises developing, managing and conducting risk as-
sessment on related activities as well as implementing control measures and requirements for inter-
vention. Furthermore, the ACoP L8 emphasises carrying out work effectively and safely underlining
existing duties of suppliers of products and services. Its content primarily addresses water treatment
contractors to help them improve their standards. If there is a reasonably foreseeable risk of legionel-
losis due to a potential presence of Legionella, the ACoP L8 applies to any workplace or work activity

where water is used or stored (Wiggins, 2010 p.283-284).

Clause 38 of the ACoP L8 specifies that risk assessment should be reviewed regularly. Due to
changes or whenever there is reason to suspect that the present assessment is no longer valid, the
assessment should be corrected to meet the current state. Revision should be done at least every
two years. Contents of what is on the review list of the assessment, and when, should also be rec-
orded (refer to Appendix B of the Water Services Manual). Demands for changes may result from
different issues. To mention some, Wiggins lists: (a) changes to the water system or its use, (b)
changes to the use of the building in which the water system is installed, (c) the availability of new
information about risks or control measures, (d) the results of checks indicating that control measures
arenolonger effective, (e) a case of Legionnairesbd

system.

Water quality legislation in the UK comprises Water Supply (Water Quality) Regulations 1989 and
the Water Supply (Water Quality) (Scotland) Regulations 1990 (Wiggins, 2010). According to these
regulations drinking water should have no unpleasant taste, colour, odour or turbidity. Drinking water
should also not exceed limits set for chemicals and microorganisms, such as coliform, Escherichia

coli or Pseudomonas aeruginosa bacteria.
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This early legislation was later enforced by the Workplace (Health Safety and Welfare) Regulations
1992 whichex pl i cates that every employer has the
thermore Report 71 (The Microbiology of Water 1994, Part 17 Drinking Water) advises that coliforms,

E. coli or P. aeruginosa are absent in a 100 mL sample of drinking water.

454 HTMO4 1 Safe water in healthcare premises

NHS trusts or government organisations should meet all the constraints of ACoP L8. HTM 04-01 is
really not required. Although what it does do, is that it gives a lot more detail around healthcare
premises than the ACoP L8. In front of HTM 04-01, it states that: "an NHS organisation should meet
all the requirements of L8 and HSG274". So, in reality, HTM 04-01 is not really required, although it

is much more detailed around water hygiene issues, or water safety within healthcare premises.

4.6 Actors in the United Kingdom and England context

There can be identified numbers of organisations or interest groups providing guidance on water
safety and Legionella to their members (Figure 4-3). Among those there might be standards or spe-
cific industry guidance, as presented in chapter 4.3.3. In order to briefly introduce those interest
groups, to which this research wants to inform, and which were considered for the survey during the
research (see chapter 6.9.7.3), the following paragraphs summarise their character, mission, aim or

vision that have been available from their web-presentation.

v" Organisations and interest groups providing guidance
on Legionella prevention, water safety and risk
management to their members

Figure 4-3: Organisations with guidance for the context of hospitals
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4.6.1 NHST1 The National Health Service

The NHS tries to educate people engage with their health, care and wellbeing so they can stay
healthy and help manage any long-term health conditions. For any further details in the specifcs

mission regarding water safety management, be advised to read chapter 2.2

4.6.2 RSPH The Royal Society for Public Health

The Royal Society for Public Health (RSPH) is an independent health education charity and the
wo r | d 6 s-establishgdgusbtic health body. Their vision is that everyone should have the oppor-

tunity to optimise their health and wellbeing.

4.6.3 WMSoc i The Water Management Society

The Water Management Society (WMSoc) is a not-for-profit membership organisation that has been
providing practical and technical training solutions to individuals and companies within the water
management industry for over 40 years. Their expertise in Legionella awareness, Legionella and

water hygiene training enables them to give the most up-to-date instruction on how to prevent Le-
gionnaires6 and other waterborne diseases within
The WMSoc will continue to maintain and improve standards within the industry. Inthe WMSoc6 Co d e

of Co nthknre s & dear focus set to develop and enhance the WMSaoc, its values and its mem-

bers, to promote a safer, cleaner water industry.

4.6.4 LCAT Legionella Control Association

The Legionella Control Association (LCA) is a voluntary organisation whose membership comprises
providers of services and products concerned with the control of legionella bacteria in water systems.
The primary aim is to keep water systems safe and minimise the risk of cases of Legionnaires' dis-

ease caused by poorly maintained systems.

4.6.5 IHEEMT Institute of Healthcare Engineering and Estate Management

The Institute of Healthcare Engineering and Estate Management (IHEEM) is an international profes-
sional engineering institute, specialising in the healthcare estatesse ct or . |l HEEMO&6s prim
as a professional development organisation, is to keep members up to date with developing technol-

ogy and changing regulations within the industry.

4.6.6 CIBSE Charteted Institution of Building Services Engineers

The professional body with responsibility for services on Legionella case identification and providing
services to reduce Legionella contamination is the Chartered Institution of Building Services
Engineers (CIBSE). They were among the first to publish advice for designers over twenty-five years
ago. Over 15 Years ago they issued a Technical Memorandum. However, cases continued, and so

more binding measures were required, whi ¢ h | e étoftlegislatiom dral guidances
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46.7 BIFM

Formerly known as the British Institute of Faci

I nterest Groups6 fteerowrrgaiined opfi cguyui dvande docume

ancebd. BIFM was replaced by the Institute of

was established in 2018. It builds on the heritage of 25 years of the British Institute of Facilities

Management and is the professional body for workplace and facilities practitioners. The IWFMfi e xsi s t

to promote excellence among a worldwide community by advancing professional standards, offering

guidance and training, developing new insights and sharing best pract i ¢I\WFEM, 2019).

4.6.8 BSRIA - Building Services Research and Information Association

BSRIA is an ISO 9001 registered test, instruments, research and consultancy organisation, providing
specialist services in construction and building services. As a non-profit distributing, member-based
association, clients can be assured of an independent approach and authoritative reputation. Any
profits made are invested in an on-going research programme, producing industry recognised best

practice guidance.

0 B B8RIA guides (see chapter 4.3.3, Table Appendix A-8) includes guidance on commissioning air
systems, commissioning water systems, domestic ventilation airflow rate testing, seasonal commis-
sioning, pre-commission cleaning of pipework systems and commissioning management. A mainte-
nance construction information service (CIS) guide focuses on business focused maintenance, ex-
emplifying responsible people, budget limitations, business consequences and rate impacts and con-
sequences of maintenance regimes. Business-focused maintenance provides the built environment
industry with a methodology for utilising maintenance budgets more effectively. Assets critical to the
business are maintained, while other less critical assets are managed as well as possible within the
available budget. The BSRIA Topic Guide 6 T Gegionellab ( s ee s e18.3,ddbla pppendix

A8)isdesi gned t-aglb@ancaen pwbl i cati ond i ntr otdpicgand g

suggesting further reading. The guide is aimed at those looking for basic information about Legionella
including definition, history and prevalence. There is also guidance on the relevant legislation and

supporting documentation alongside some risk management tips to ensure compliance.

46.9 CISTi The Construction Information Service

The Construction Information Service brings together a comprehensive collection of essential tech-
nical documents from a wide range of publishers. Covering all aspects of building, engineering, de-
sign and construction, it provides its users with a single source for all their technical information

needs.

4.7 Summary background three

Key factors of given regulations with an international background are summarised in Table 4-5, ac-
cording to Van Kenhove et al. (2019) p. 974. In the first column, the table lists the authority (organi-
sation or country). In the subsequent columns, there are answers on the question whether or not
Legionella being a reportable disease, the presence of any testing guidelines, existing action levels

for sampling results, maintenance strategies, and corresponding mitigation plans.
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Table 4-5: Key factors of regulations, according to Van Kenhove et al. (2019) p. 974, modified.

Authority | Reportable | Presence of Action lev- Preventa- Mitigation plans
disease testing guide- | els for sam- | tive
lines pling results | mainte-
nance
strategies
WHO In some Testing is rec- | Only for cool- | Tempera- Disinfection, cleaning,
countries ommended; ing water ture. Hot monitoring and regular
requirements systems water tem- | service and mainte-
and frequen- perature nance
cies are in- should be
cluded maintained
EWGLI In some Testing is rec- | Differentac- | Tempera- Risk assessment and
countries, ommended; tions re- ture. Chlo- | management plan in
e.g. United | requirements quired be- rination in combination with regu-
Kingdom; and frequen- tween 1,000 | Italy. lar measurements
reporting of | cies are in- and 10,000
travel-asso- | cluded and above
ciated 10,000
cases CFU/L
USA Reportable | Recommenda- | Notincluded | Tempera- Creation and imple-
tions for Le- ture. Stand- | mentation of a risk
gionella rest- ard chlorin- | management process
ing ation and Legionella water
management program

There are national differences existing according to legislation and to explanations of generally ac-
cepted engineering standards, i.e. norms, recommendations, or technical and guidance documents.
But there are recommendations written on paper. For the people responsible, who may be assigned
to the professional field of Estates and Facilities Management, there are undeniably aspects of water
hygiene that could enforce criminal and civil law obligations. A context specific review provides sup-
port in detecting deficiencies and thus avoid potential lawsuits. For that, a systematically tabulated
collection of statutes, standards and other documents guiding design, operation and maintenance to
minimise risks caused by Legionella in building (drinking) water systems have been presented in
chapter 4. Professionals can apply these for reviewing the processes and procedures within the
organisation they are responsible for.

In this chapter there have been identified gaps in the form that:

1 afocus on the hospital (healthcare) perspective is not everywhere there
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1 although technical guidance is there, guidance for implementing processes are missing. The
concrete guidance of management is not there

1 (Old) systems that have to be managed are there

For that, specific knowledge about the process is important. It needs to be developed a guideline
developing guidance. This research is therefore an approach that considers a different way of looking
at the problem. High incidence on Legionella cases is attributed partly to the poor maintenance of

building water services (Brundrett, 2003 p.275). Here a focus must be set on.

According to Wiggins (2010 pp.285-286) ivar i ous agents and organi

WMSoc Code of Conduct. They include the Water Management Society, the Health and Safety Ex-
ecutive (HSE) and the British Accreditation Council (BAC). The code is promoted by the Legionella
Control Association. It is designed to help building owners and operators select competent service
providers out of a rising number of businesses. Furthermore, the code specifies that there must be
a written agreement between the service provider and the client. It shall precisely declare individual
responsibilities of both parties involved. An adequate and up-to-date monitoring and treatment will
also be essential. Records should be kept stored for at least 5 years. When there are service provid-
ers involved in water management processes, they will have signed up to the Code of Conduct.
Among them, the competent ones will be able to provide their client or FM with a copy of their certif-

icate. The code highlights six critical areas, which have to be considered:

- Allocation of responsibilities,

- Training and competence of personnel,
- Control measures,

- Communication and management,

- Record keeping, and

- Reviews. 0

These critical areas will take a central role in the further development of topic under investigation.
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5 Summary of literature review

The main points of the literature review summaries presented in chapters 2.4, 3.5 and 4.7 are now
reflected and narrowd down to the key terms and elements. They show the identified gaps in

knowledge and provide a starting point for research.
1  Chapter 2.4 Legionella, infection, healthcare

There is undoubtedly a need for something to make Legionella control easier, particularly for the
layman in the care sector, if not the healthcare sector itself. But also for management level, as they

need orientation about the extent of their management activities.
1 Chapter 3.5 Estates and Facilities Management

In certain points Estates and Facility Management servig hospitals are responsible for water safety
management and Legionella prevention. It needs awareness, orientation, resources, clear structures
and the support of senior management to meet all the obligations in their job demanded by govern-
mental (perspective on the organisation from outside) and structural (perspective inside the organi-

sation) conditions.
1  Chapter 4.7 Legislation, standards, guidance

References can be made on selected main points not only found in HTM04-01, HSG274, AcoP L8,
WMSoc and BSRIA for the United Kingdom and England. The WHO water safety plan constitutes a
scheme for preventing and controlling potential risks through 'system assessment’, 'monitoring’,
'surveillance and management/communication’. The key concepts in the WSP hazard analysis and
control system are: "Team', 'hazard assessment and risk characterisation’, '‘process flow diagram’,
‘control measures', 'control limits', 'validation’, 'monitoring’, 'verification’, 'supporting programs’,

'management procedures'’, 'documentation and communication'.

Put into a meta-level it is fundamental to understanding the functioning of the own organisation wih

regard to:

A Stakeholders / duty holders / process managers or process owners

A Processes, process elements, process steps, process maps, process architecture

Aforementioned threefold need for advice could be made transparent in form of a framework and
well feed back into regulations. As stated by Van Kenhove etal. (2019),A Compar i ng fr
be a first step on the path to future unification of Legionella regulations. Current regulations involve
a wide range of climatological circumstances. Still, the same measures are recommended in different
environmental circumstances worldwide because it is the characteristics of the DHW system that
dominate over different climatic conditions. Clearer and more uniform and unambiguous regulations
will facilitate their implementation.0T hey as k t HDe wehave sldar, umiformfiand unambig-
uous Legionella guidelines and regulations?0and conclude that obviously we do not. fHowever, de-

spite different regulatory framewor.ks, there

amew

S

c

For England (in the UK), those principles could begiven a Ohomed in a framewo

Estates and Facility Management of hospitals responsible for water safety management and Le-
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gionella prevention. As a result from the evaluation of an intense, overarching and continuous litera-
ture review regarding the research focus (chapter 4), the research problem (chapter 1.2) was finally

figured out, which led to the research question and sub questions described in chapter 1.3.

Their answer shall give orientation and provide support to people responsible for water safety man-
agement and Legionella prevention in hospitals in England, with a specific perspective from Estates
and Facilities Management. Together with answering the research question, the proposed need for
guidance in form of a framework (chapter 6.14) will be covered by a framework output (chapter 8),

giving fully the justification and need for research in this topic.

The next chapter 6 describes the methodology of how this goal will be achieved.
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6 Methodology

The previous chapters focused on presenting the thematic environment in which this research is
embedded. Chapters 5 highlighted the most important aspects of an extensive literature review,
hereby giving the fundament for the elements in focus. These are necessary to approach and to
narrow down the objects of research to collect and analyse data about the present situation in hos-
pitals about water safety management, Legionella risk management and preventative action. Given
the aim and objectives described in chapters 1.4 and 1.5, the research claims for itself an orientation
on present, relevant and highly interdisciplinary aspects with focus seen from a managerial level in
the field of estates and facilities management. It consequently considers thoroughly the business of

management in hospitals including operational and strategic levels in a specific range of duty.

In order to determine whether stakeholders and processes can be identified, ordered, mapped and
be compared for similarities, a research methodology becomes necessary that is tailored to this spe-
cific setting with sensitive topics. Based on the findings, which result from applying scientifically rec-
ognised research methodologies, a framework should be drawn up as a final output, which ade-
quately discusses, includes and recognises findings characterising processes and stakeholders.

This chapter outlines the research methodology. As the research applies different types of method-

ologies with different types of data collection, in which the researcher interacts and communicates

with individuals, the research journey may also include a motivation of committing to contribute to
organisational improvement and thus, effectiveness. A researcher is a highly educated communica-

tor, and in a communication context, (Du Plooy, 1996 p.30)des cr i bes met hodol ogy
ways in which communicologists act on their environment, that is, their methods for conducting re-
search, by their experiments, soci al sur veyhs, co
mentioned earlier in chapter 1.5 the objectives of this study are sixfold. They serve for two main
outcomes, namely a) for the identification and understanding of processes and roles of process own-

ers, and b) for developing a framework for estates and facilies management.

Firstly, the literature has to be explored to determine elements about stakeholders and processes.
Secondly, the theoretical findings have to be identified in given real cases and and specific business
environments. To better understand the real cases, experience was made and data collected in a
pilot study and in three different countries to compare given situations and learn about the perspec-
tives of responsible management and practitioners. Being equipped with business perspectives re-
search focuses in the next step on the context of interest, which is England. Applying different meth-
ods of data collection and further developing a strategy for realizing data collection, processes and
stakeholders were identified. It is necessary to apply a range of strategies to verify and highlight the

value of the final framework.

The first of the two main outcomes mentioned above can be seen as an essential and important step
to provide orientation for a further qualitative exploration of the details and processes in practice. The
findings made feed the second outcome of this study, which is a framework for estates and facilities
management. Itistiledi The process of wat elLegioselafpeevegtionmaadriskg e me |

management in hospitals: a framework for estates and facilities management with focus on England. o
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The methodology required to achieve the aim and objectives of this study is aligned to the research
problem in order to answer the research question of this study after data collection and analyses
have been run. By iteratively answering four defined subquestions SQ1-SQ4 (see chapter 1.3), de-
cisive elements can be investigated step-wise to finally answer the research question (chapter 9.2).
In order to address the aim and objectives it is necessary to align the outcomes of the literature
review with the present situation in hospitals and tailor the research methodology towards generating
empirical findings. For that, a profound knowledge of different management categories, as mentioned
in chapter 3.4, is essential. Special interest lies in risk management, process management, and
stakeholder management. Furthermore it is important to understand the background and the man-

agement instruments in place, which are described in section 3.3.2.

How the objectives are embedded within the research process is presented in chapter 6.15 in the
logic of the sequential research phases. In order to dreate a framework for the business units estates
and facilities management in hospitals, the choice of the methodology contributes towards affirming
or rejecting elements of the framework, but also to making it pragmatic through the integration of

suggestions from senior professionals with experience and background in their specific field.

This section of the thesis will provide an overview of the explorative nature of this study and interpre-
tative research paradigm to serve as the basis for elaborating on triangulation as a key element of

the selected research design.

Taking into consideration the above mentioned explanations, this chapter will provide the methodo-
logical overview on the explorative orientation of this study. Its orientation, which is built on an inter-
pretative research paradigm, is chosen to serve as the basis for elaborating on triangulation as a key
element of the selected research design. Secondly, the entire sampling design will be discussed with
reference to the sampling methods, unit of analysis, target population, sampling frame and realised
sample during the different phases and levels of this study. Thirdly, the selected data collection meth-
ods of this study, namely, semi-structured interviews, a self-administered web-based survey, docu-
ment and secondary data collection, and focus groups will be discussed. Analysis procedures are
selected and presented. Fourthly, reliability, validity, trustworthiness and triangulation as an essential
element of the research design will be discussed. Lastly, the ethical considerations that have to be

considered for developing the framework for application in practice will be elucidated.

Since it was necessary to obtain data from several hospitals for a qualitative exploration of the pro-
cesses and to determine whether there are individual or comparable elements of the processes and
stakeholders, a multiphase research strategy was chosen. It developed continuously throughout the
research to obtain insights that enable the researcher to give answers to the research problem. In
order to integrate expert knowledge to the final output, the proposed framework of chapter 8, the
entire research project follows a sequential order with a multiphase triangulation approach. For giving
an orientation on the methodology applied following a sequential structure of data collection realized
in different phases, Figure 6-1 presents a summary. It is organised in the phases la, Ib (both interview
studies), phase Il (survey study) and phase Il (validation through focus group). Details of applying

triangulation are explained in chapter 6.12.2.
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Phase la Phase Ib Phase Il Phase Il
Theory Exploratory Data collection | Data collection | Validation Output
pretest
Literature review | Interview study Interview study | Survey study Focus group Final
& methodology (framework proposal) | Framework
Start End

Figure 6-1: Sequential steps of the research study design

For this research project, different data collection methods were applied. They comprise interviews,
secondary data and a survey. After analysing procedures a famework is compiled, fed by results of

previous research phases. As is explained in chapter 6.3.5 with respect to its sequential exploratory

mixed methods design character, and is explained with respect to overall interpretation in chapter

6.12.2, the plan of work for data collection and analysis consists of the above mentioned four
consecutive steps. As already mentioned, phases la and Ib represent interview studies. One special

type of one-to-one interviews is the expert interview, which has been applied for this research. Even

the survey addresses specialists, as it seeks to address the different members sitting in water safety

groups. Hitzler (1994, p.26) as cited in Pfadenhauer (2009 p.82) st at e s t lypically knpvwesr t f
the knowledge stock that is O6characteristicd or
overview of a specialist knowledge field and can offer fundamental problem solutions or can apply

these to individual problems withinthi s ar ea o . By considering and in
during the interviews in the course of the project, the research is in line with its aim of a specific
orientation to a professional field. Speedfdatai st s
collection (6.9.3, 6.9.4, 6.9.5, 6.9.7.1, 6.9.7.2, 6.9.7.3) and the final validation phase (6.9.6 and
6.9.7.4).

An embedded design applies cases (represented by hospitals as organisations) for analysis. Data of
the cases have been empirically collected during an exploratory first phase with cases in the UK,
Germany and Switzerland (Figure 6-2). A consecutive country-specific phase narrowed the research
more specifically on England. Data from interviews and documents was collected and analysed dur-
ing the exploratory phase, which had a focus on taxonomy and to explore job descriptions and factors
in hospitals that have a thematic connection to Legionella, risk management and water systems for
the purpose of water safety management. This phase was also necessary to test the fluency of the
procedures selected for data collection and verify and confirm the case strategy chosen. Research
of the following phase collected and analysed data from interviews, a survey and documents. The
specific focus of this phase was to find patterns, define coding structures, build categories, analyse
and compare content by applying cycles of content analysis to find levels of abstraction to create a
draft version of a framework, which underwent a validation step in a final focus group by experts in

the field of risk management and water safety.
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Exploratory Research results output
phase UK phase
Phase (UK, GER, (England)

S)

Content Stakeholder

Analysis : and process
analysis analysis

Phase detail Phase la Phases Ib and Il Phase Il
. Interviews, Interviews, survey
Data collection documents el Focus group

England

No. of cases 3 UK, 3GER, 2 CH 11 (phase Ib)

16 (phase Il)

Figure 6-2: Embedded sampling design with hospitals as cases

Methodology is built on a mixed methods research design and a multilevel triangulation approach.
The dominant analysis strategies for gaining evidence, and the alignment of the objectives to the
respective analysis strategy for answering the subquestions is cross-referenced to the respective

chapter and summary table of this thesis (Figure 6-3).
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SEQUENTIAL EXPLORATORY MIXED METHODS DESIGN
PRESENT SITUATION ABSTRACTION
Interviews (extrinsic)
Phase Ib
§§ legislation, PEST_LE anal)_lsis
standards, norms, Mapping mgtrlx, Table 6-17
recommendations, Theory applied: Chapters 6.9.7.1,6.9.7.2,6.10.2.1,6.10.2.2

state-of-the-art Results: Chapters 7.3 and 7.4

. Survey
Interviews Phase II

Phase la — . R, M, P analysis
A, D, P, Oi, Ci analysis Mapping matrix
Mapping matrix, Table 6-17 Table 6-18 ’
Theory applied: Chapters 6.9.7.1, 6.9.7.2, 6.10.2.1, 6.10.2.2 Theory applied:

Cases HOSPITALS

Results: Chapters 7.2 and 7.3 6.9.7.3,6.10.2.3

Aggregated analysis
Theory applied: 6.9.7,
6.10.2

Results: Chapter 7.6
Summary: Table 7-39
and Table 7-40

Results: Chapter 7.5

Interviews (intrinsic)

Phase Ib

CTAAPM analysis

Mapping matrix, Table 6-18

Theory applied: Chapters 6.9.7.1, 6.9.7.2, 6.10.2.1, 6.10.2.2
Results: Chapters 7.3 and 7.4

Organisation structure
Stakeholders

Processes

TRIANGULATION (CHAPTER 6.12)

Focus group

Phase Il

Framework validation

Theory applied: 6.9.7.4, 6.10.2.6
Results: Chapter 7.7

v

INTEGRATION

%

WATER SAFETY MANAGEMENT, LEGIONELLA PREVENTION AND RISK MANAGEMENT IN HOSPITALS:
A FRAMEWORK FOR ESTATES AND FACILITIES MANAGEMENT IN ENGLAND (CHAPTER 8)

Figure 6-3: Mapping diagram for steps of analysis feeding the creation of the framework
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To sum up the characteristics of data collection and analysis procedres, Table Appendix A-12 and
Table Appendix A-13 present all procedures applied during research. Details are explained in chapter
6.9.

In order to provide orientation and navigation though chapter 6, a summarised view on the structure
of this chapter as well as highlighted theory and characteristics of this study are summarised in Table
6-1.The table is colour coded. Dark elements indicate, that here the elements of the research match
in a strong way to the specific characteristics of theory presented in the respective chapter. For
elements in bright colour the match is just for specific characteristics of theory. Dark and bright ele-
ments for the same feature show that they are complementary represented and considered in the
study, where the dark coloured element is the main element this research is characterised by theory.
The last column of the table presents standards for reporting qualitative research (SRQR) according
toO6 Br i en et asglesentefl &y Odbke Appendix A-11. They have been considered and
applied for organising a structure for the methodology chapter. The specific standards that are refer-
enced are indicated withthec o de s nu mibe rtédd 6B d ed t® gdchgamapter of this
thesis, presented in first column of the Table 6-1. The aim was to represent and meet all standards
of the SRQR for the methodology chapter, and thus, give a referenced logic to the structure chosen,
striving for completeness in the theoretical deliberations for the methodology applied in this research.
Where seen necessary, sub-headings of chapter 6 introduce specific theory, followed by the applied

methods of this research.
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Table 6-1: Mapping methodology: Theoretical perspectives and application in study design
Thesis Feature Theory SRQR no. according
chapter toOdBrien et
6.1 Philosophy/Paradigm Positivism | Critical realism | Interpretivism | Postmodernism [HRCeliES0 S5
6.2 Theory development Deduction Abduction Induction S5
6.3 Research design and Qualitative research Quantitative research S7
methodological choice | Mono method Multi method Mixed method with triangulation
6.4 Purpose Explorative | Descriptive | Explanatory Evaluative Combined studies S7
6.5 Research strategy Experiment Survey Archival research Case study S12
Ethnography Action research Grounded theory Narrative inquiry
6.6 Time horizon Cross-sectional Longitudinal S10
6.7 Sampling strategies Purposive non-probability Probability S8
6.8 Literature review Literature review
6.9 Data collection Secondary data Interview Questionnaire S10, S11, S12, S13
Semi-structured interviews ‘ Document analysis Web-based survey | Focus group
0 Interview study, phase la S14
Interview study, phase Ib
Data analysis Document analysis, phase Ib
Web-based survey, phase I
Focus group framework validation, phase 11l
6.11 Reliability, valitidy, Reliability ‘ Validity Trustworthiness S15
trustworthiness
6.12 Triangulation Data triangulation \ Theory triangulation  Method triangulation Multiphase triangulation approach ES¥E)
6.13 Transferability - to- Described in chapter n/a
wards generalisation
6.14 Critical review on Described in chapter n/a
frameworks
6.15 Creating a framework Described in chapter n/a
6.16 Ethical considerations &N I ' Cross cultural ' Bilingual S9
6.17 Researcher character- | Described in chapter S6
istics and reflection
6.18 Summary Described in chapter S5to S15
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6.1 Philosophy/Paradigm

According to Saunders et al. (2016 p.124) i t teren research philosophy refers to a system of beliefs

and assumptions about t helndemerat theoppilosephy- orinfotherwoadsvl e d g

paradigm - can be distinguished between positivism, critical realism, interpretivism, postmodernism

and pragmatism.

An interpretitive paradigm is evident in this study since existing literature was explored and inter-
preted to establish the basis for subsequent research steps towards a framework. This approach

corresponds with the research question and does not solely rely on the research philosophy position

(Sekaran and Bougie, 2016 p.29). According to Sekaran and Bougie (2016 p.29) i Pr agmat i s

stresses the relationship between theoryandpr act i ce o, which matches

ronments. Into this sector hospital environments with processes, duties and responsible persons in
water safety and Legionella risk management and preventative action in estates and facilities man-
agement fit perfectly. For this research, pragmatism was considered to be applied as the dominant
research paradi gm. iThe focus is on the cons
the question asked rather than the methods, and on the use of multiple methods of data collection to
inform the pr obCreswell anchRlapa Clask(201d p.41). It was considered to match
the purpose of this study as the research design focuses on analysing a situation where there arise
questions about potentials of abstraction, standardisation and generalisation of processes. But con-
trary to the stand-alone theory of positivism, here is no aim at evolving law-like generalisations. As
the given problem (chapter 1.2) potentially occurs widely around different hospitals, the chosen par-
adigm fits perfectly on the demands of the subject of investigation. The work will aid responsible
management persons and generate new significant knowledge about processes. For pragmatism is
often used in mixed methods research (Saunders et al., 2016, Creswell and Plano Clark, 2011), this
research accordingly gets fed by theories and practices of mixed methods research and thus requires
an appropriate research design. Since this study is more explorative and built from a pragmatic, yet
interpretative paradigm, triangulation will occur within a predominantly qualitative research design.

In detail the research design will be described and explained in chapters 6.3, 6.9, 0, and 6.12.

This study is therefore nota 6 ¢ | enixead énethod research strategy that aims to bridge the qualita-
tive-quantitative gap. It also does not strive to be allocated to one paradigm or disqualify others in
the competition between qualitative and quantitative research. Instead, it is an approach in which
mixing occurs necessarily in a research strategy (Bryman, 2008a p.15). In addition, critical realism
as well as pragmatism are both related to mixed methods research as their way of looking at the

world is asking for qualitative and quantitative research methods (Saunders et al., 2016 p.169).

6.2 Theory development

In order fo find the right strategy to investigate a given research problem, an appropriate approach

to theory development becomes essential (Saunders 2016 p. 170).
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According to Saunders et al. (2016 p.167) there are three different ways to develop theory. Their
different characteristics are described hereafter.

6.2.1 Applied in the research design

For this research an inductive approach for theory development was applied for phases 1 and 2 in
order to explore a phenomenon and to become able to build a theory from the findings (Bryman and
Bell, 2015). By iteratively exploring (Figure 6-4), detecting and describing the demand for guidance
of people in duty towards a described process of water safety management, Legionella prevention
and risk management in hospitals, process elements and the stakeholders for a working process
(see chapter 7) were discovered. Later in this research, a deductive approach was applied for phase
Il to validate the research result, which is, in the context of this research, a framework for estates
and facilities management.

Exploratory

sequential design
Determination of field work

L T~ Framework
-~ . including process
.t ~ characterisation
" -~ ~ - v «Legionella prevention in
~N —— water systems in
< sive ¥ ) ,F\\ \ loop 3 - - huspitals»yseen from a
y; ‘\\ela- \ ‘\ i \‘ ' -\u"w‘r". B e N FM's and duty holder's
- ARl W M- - - . perspective
k- % - -
- N[ loop2 ull -
/ ~ AN s @ cotecto” _ = \
By _¥-- . frmmmmmmmmmm oo
\.(‘ = and == g ! \
= Y] - 1 ’ ; 1
loop1  § we\m%":f - ! Questionnaire study r
. e ! (online survey) |
: : /
E Interview study E .
! (guided interviews) . 7/
l e Z
. v
~. -
_— —
5§ UK, CH, GER \
REHVA Guidebook // Interaction, knowledge transfer \\
#10 / 2
DVGW b TR Ny
ﬁ\égzwr 4 | Scientific Conferences (national and international); Research platforms; Professional Network N,
AcoP LB | RSPH, WMSoc [2,9], BBH X
BSRIA ESGLI [2], FIS/HIS [6], SGI/SGInf/SGNOR/SGSH [8], LIMU FRW, EFMC [7], IFMA Europe WWP [3] g
GEFMA 1 ™ Conference «Legionella», 26-30 September 2017, Rome 2017 o

(ASHRAE 188)

Figure 6-4: lterative process towards a framework

6.3 Research design and methodological choice

This chapter outlines different types of research as well as their design from a theoretical point of
view. At first, a focus is laid on the nature of both qualitative and quantitative research. Two sections
follow with an explanation of the key differences between qualitative and quantitative research. This
serves as an introduction to the subsequent chapter, which characterises mixed methods research
design. The mixed methods research design introduces a combined perspective of qualitative and
quantitative research. Finally, chapter 6.3.5 states which type of research design was chosen for this

research project.
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6.3.1 Qualitative research (QUAL)

Qualitative research is a fné situated activity t
set of interpretative, materi al practices that m
world (Denzin and Lincoln, 2000a p.3). It is characterised by multiple ways of knowing; there is no

fixed method to study the world because each individual may experience the same event differently
(Minichiello and Kottler, 2010 p.16). According to Anderson (1987 p.384), qual i tative r e
phasizes inductive, interpretative methods applied to the everyday world which is seen as subjective
andsocialycr eat edd. AQualitative research is ofDezann as ¢
and Lincoln 2011 as cited in Saunders et al., 2016 p.168). The qualities of various phenomena are
investigated where data tend to be continuous, with the emphasis on description and explanation as

opposed to measurement and prediction (Fitch, 1994 p.32). i | t pretive beicauge eesearchers

need to make sense of the subjective and socially constructed meanings expressed about the phe-
nomenon bei (Sgundets etdli 2015 @.168).

To further highlight the individual nature of qualitative and quantitative research designs, the next

section will focus on quantitative research.

6.3.2 Quantitative research (QUAN)

DuPlooy (1996 p.32)def i nes quantitative r eseauwulatdvarmdesandt hod
attempt to control natural phenomena. They construct research questions or hypotheses and test
them against the f act Aleodtal 2009 p.B), quantidativé reskaraharsracki ng
essentially concerned with how an understanding about a specific phenomenon can be generalised

to a larger population.

Similarly, Maree (2012 p.145)def i ne quanti tative research as né
objective in its ways of using numerical data from only a selected subgroup of a universe (or popu-

lation) to generalisethef i ndi ngs to the universe that is being
research process, Van Wyk (2010 p.89) states that the aim of such studies is to generalise about a

specific phenomenon, based on the findings obtained from a sample that is representative of that
populaton.Her e t he findings may be statistically mani
data of the total popul ation and for edvasWyk 200G f ut
p.89). Furthermore, quantitative research is specifically concerned with measurement and control

(Du Plooy, 2002 p.82, Terre Blanche et al., 2006 p.272), the quantification of constructs (Babbie et

al., 2007 p.49) and facts and objectivity (Durrheim and Painter, 2006 p.132).

6.3.3 Differences between qualitative and quantitative research

Qualitative research provides more degrees of freedom. By contrast, qualitative research addresses
these shortcomings because it allows the researcher to clarify vague questions and provides the
platform for objects under research and participants to supply detailed answers and to elaborate.
According to Mouton and Marais (1990 pp.155-156) and Fouché and De Vos (2007 p.102), qualita-
tive research differs from quantitative research in three main points. Firsty, a less formalised structure

is used, secondly the scope is more undefined and thirdly a more philosophical approach is followed.
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The predominant differences between qualitative and quantitative research are summarised in Table
6-2 (Daymon and Holloway, 2011 p.13, Minichiello and Kaottler, 2010 pp.18-20, Swart, 2010 p.113,
Allen et al., 2009 p.3, Willis, 2007 p.7, Babbie et al., 2007 p.273, Fouché, 2007 p.269, Fouché and
De Vos, 2007 p.102, Walt, 2006 p.79, Denzin and Lincoln, 2000b pp.8-10).

Table 6-2: The differences between qualitative and quantitative research

Qualitative research (QUAL)

Quantitative research (QUAN)

Analytical and interpretative

Predominantly empirical and experimental

Concerned with attaching meaning to phenomena

Focuses on measuring phenomena

Explicit and present values

A value-free stance is adopted

Focuses on answeringfh ow quest i ong

Focuses on answeringivh at quest

Improvisation is key in which the research strategy

is developed throughout the research process

Structured, precise and consistent methods
are used as well as a step-by-step recipe for

the research strategy

Research is bounded by context, that is, the partic-

i pantsd natural environ

Research is context free

A close relationship with research participants is

evident

A distant relationship with participants is ev-

ident

Expl oration of partici f

worlds

Search for causal explanations and testing

hypotheses

Intersubjectivity is vital to obtain the trust of partici-

pants

Maximum control over extraneous factors

Contextualisation is key

Generalisation is key

Authenticity is the criterion to achieve excellence in

scientific research

Reliability is the criterion to achieve excel-

lence in scientific research

Thematic analysis is conducted

Statistical analysis is conducted

6.3.4 Mixed methods research

With reference to Saunders et al. (2016) there are three major methodological categories. They are

characteriseda s odommu bt i 6

a n dthods nTihexneododmethod means that just one data

collection procedure is applied in the research, whereas the multi method integrates more than one

method for data collection, analyses and interpretation.
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A multi method strategy can generate valuable additional insights coming from more than just one
source or focus (Saunders et al., 2016). Saunders et al. (2016) brings it to the point by saying fimixed
methods research is the branch of multiple methods research that combines the use of quantitative
and qualitative data coll ecti on(Saurderhehal. R0lé g.16A.nd a1
As one can imagine by studying the different methods available in research, there are multiple ways

and possibilities of combining them.

Directing the view on different ways of combining qualitative and quantitative data collection meth-
ods, there are convergent, sequential, embedded, transformative or multiphase research designs
possible (Bryman and Bell, 2015 p.647, Creswell and Plano Clark, 2011 pp.69-70). Prior to, and
during research it is essential to make decisions on the purpose (chapter 6.4), the time horizon
(chapter 6.6). and the sampling strategies (chapter 6.7). As the research process needs continuous
orientation and guidance from theory, data collection (chapters 6.9 to 6.11), analysis procedures
(chapter 0), verification and validation strategies (chapters 6.11, 6.12, and 6.13) essentially need to
be considered and determined. Specific procedures of theory are, for example, described by
Creswell and Plano Clark (2011), Hanson et al. (2005), and Plano Clark (2005) as cited in Creswell
and Plano Clark (2007 p.80). Their specific choice then tailors an appropriate design to the given
research problem.

6.3.5 Applied in research design

This study faces a complex problem, which is identifying the processes and stakeholders on Le-
gionella water safety and prevention in hospitals to create a framework for estates and facilities man-
agement with focus on England. From the above explanations it becomes evident, that just a mono
method or a multiple method would not be enough to answer the research problem sufficiently. The
specific and careful consideration and determination of combining different methods and sources of

data is seen the best way of achieving that goal (Figure 6-5).
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Figure 6-5: Conjunction of interview and survey study findings - basis for a framework (Leiblein et al., 2017c)

Regarding the connection of results of collected and analysed data within and over different phases,
a decision was made whether quantitative leads to qualitative phases or qualitative builds to quanti-
tative phases. In this research, mostly qualitative data was collected, where in some phases scales
were defined in such a way, that quantitative analyses became possible. They are limited to descrip-
tive and do not allow for statistical analyses.

Selected from the different types of mixed methods designs, an embedded design was applied in the
research project where a subordinate quantitative design is embedded into a qualitative research
design. One of the strategies for defining the object of analysis was the mixed methods case study,
which is described in chapter 6.5, which needed cases and participants. However, when the re-
searcher contacted responsible people of hospitals to request an interview, few of these senior man-
agement professionals were willing to grant an interview owing to the time consuming nature of one-
on-one or telephone interviews and their responsibilities at executive level. Martins (2010 p.162)
confirms this Dbthintentieaws lasting from BOad 60+iminutes it is sometimes difficult
to obtain the «coope Tha same problenf was evidepoedinl aerathersiang web-
based survey of about 25 minutes time required for completion. But the extensive character was
necessary to collect any possible data in this potentially difficult environment for data collection suc-
cess. As stated by Miles et al. (2014 p.42)iiWe have to face the fact

both needed if we are. to understand the worl do
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The application of a mixed method approach was seen as the right element enabling the combination
of inductive and deductive elements (Sekaran and Bougie, 2016 p.106). It was therefore chosen for
this research. Sekaran and Bougie (2016 p.106) agree with Miles et al. (2014) that some research
questions need qualitative and quantitative data in order to get meaningful findings. Specified and in
detail, chapter 6.9 describes the data collection, the applied qualitative, quantitative and the conjunct

applied mixed methods of the research design.

6.4 Purpose

Each research designed is made for a certain purpose. The purpose in research design represents
a combined study as it covers exploratory (Du Plooy, 1996 p.32, Tustin, 2010b p.85, Cargan, 2007
p.188, Robson, 2003 p.59, Mouton, 2002 p.108, Baker, 1999 p.204), descriptive (Saunders et al.,
2016 p.175) and explanatory (Saunders et al., 2016 p.176) elements (Saunders et al., 2016 pp.174-
176). Babbie et al. (2007 p.88) identifies the following three purposes of exploratory research, a) to
address the researcherods understanding of a speci
the viability of an extensive research study, and/or c) to develop methods that can be employed in
future studies. In line with these purposes, the aim of this study is to obtain a better understanding
of the processes and stakeholders on Legionella water safety and prevention in hospitals in order to
elaborate a framework for estates and facilities management with focus on England. Methods, data
and findings, resulting in that specific framework, can be used as a basis for future studies and can
also be customised for, and applied by specific stakeholder groups. With respect to the research
objectives according to chapter 1.5, research objective 2 can be categorised as descriptive, 4 ex-
planatory and 1, 3, 5 and 6 explorative. This is to be understood in their primary character. Of course,
one can argue, that there may also be elements in between these types of gouping. A combination
of different purposes in research design can be used in a mixed methods research project, as stated
by Saunders et al. (2016 p.176).

6.5 Research strategy

A strategy gives a framing element to any endeavour. Thus, the research strategy chosen will con-
tinuously guide and organise the steps of this research. It defines a certain logic of doing the re-
search. The next sections will inform about the research strategy applied in this research. Decision
making of applying the right strategy is subjected to the research philosophy (chapter 6.1) and the
approach of theory development (chapter 6.2). In that context, both the research question and the
aim of the study, are the ultimate elements for deveoloping a research strategy that is tailored to the

research context and the proposed research environment (Saunders et al., 2009 p.141).

The research strategy applied in the research project followed an embedded design investigating
cases, which consider the situation of hospitals with regard to water safety management and Le-
gionella prevention. In the words of Yin (2014 p.16), a case study i s fan empi
tigates a contemporary phenomenon [ é] in depth a

the boundaries between phenomenon and contextmay not be clearly evident
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Yin also says the écontemporaryd phenAphenomenon, s

or o6def i wasdcused snanédepth and within its real context, the hospital environment. In
addition, a specific problem was diagnosed and studied. These elements are, according to Wilson
(2010 p.108), indicators for a case study. But there are also elements of survey (Saunders et al.,
2016 p.728) and action research in this research, according to Saunders et al. (2016 p.178). One
can even refer certain parts to grounded theory according to Strauss and Corbin (1998 p.12) as cited
in Bryman and Bell (2015 p.584). Especially when arguing that the final framework output shall be
understood as guiding reference, coming from pactitioners, developed with the instruments of re-
search, and made public for the purpose of being applied in practice. The framework shall be the
result of the development of a collaborative solution which is built on a diagnosed problem (Bryman
and Bell, 2015 pp.418-419). Details of the strategy for developing the frameword by conducting dif-
ferent research phases is described in chapter 6.12.2. In the research progess the decision for case
study research was defined at a very early stage to build up research on collected numbers of cases
following certain criteria (Figure 6-6).
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Figure 6-6: Initial case study framework (Leiblein et al., 2016 p.891)

According to Yin (2014) there are two dimensions with respect to case studies. In a first dimension
two different types of case studies can be defined: single and multiple case studies. This case study
strategy incorporatesmu | t i pl e cases

focuses on whether findings can be replicated across cases. Cases will be carefully chosen on the

basis that similar results are gSaundkisettle2016tp.d87b e

Yin, 2014 p.50).
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That means a case definition and selection criteria are essential to be made to deep-dive into the

study object of interest. Case definition may be viewed as an iterative research process. It had to be

finalised before starting the research project with focus in England. As a result of a finding described

in chapter 6.9.2.1 the case study environment, in which the object of analysis is embedded, is

fi h e al t HEngtanddas part of the United Kingdom)o. The unit of analysis i
orFMdepatment . The obj ect of an alpyosesssofLiegonellapeevtertion s a f e
and r i sk man aFigerenG7nit chaptér$.8.21). Accessing organisations will be realised

by interviews with responsible persons, which are, for example Heads of Estates and Facilities of

NHS Trusts, NHS Foundation Trusts and similar positions (see also Table Appendix A-14 in chapter

6.9.7.1). A decision criterion for participants being considered for the research project is that they

must be members of a water safety group or water safety management group, as this group may

also be called (Leiblein and Maynard, 2019).

The second dimension for case studies is a holistic view and an embedding regarding the span of
focus (Saunders et al., 2016 p.187, Yin, 2014 p.50). This could be, for example, that a whole organ-
isation is being studied, considering all relevant elements of this specific organisation. It could also
be the case considering specific, selected departments. Therefore an embedded approach is used
(Saunders et al., 2016 p.187). For this research project context, a multiple embedded case study
was conducted. It is perfectly in line with the quotation of Miles et al. (2014 p.33)t hat fi-casd t i pl

sampling adds confidence to findingso

According to Plano Clark and Ivankova (2016 p.146) A A mi xed met hods case st
design in which researchers embed quantitative methods within a case study design to enhance the
application of the case st Thd gan beohelpfukfargettingna better t h e
overview about the characteristics of specific cases. The decision for this approach supports quali-

tative and quantitatieve methods to work out meaningful results out of a small number of cases (Plano

Clark and Ivankova, 2016).

6.6 Time horizon

It is important to define and understand the time horizon of a research as it may have an influence
on the quality, quantity and currency of data collected. For this research design a cross-sectional
approach has been choosen. A specific phenomenon is in the focus of the research activities and

data collection is done selectively on a short period of time.

On the one hand, the assignment to this classification can be justified by the subdivision of the re-
search project into several data collection phases (see chapters 6.3.5 and 6.12.2). On the other
hand, characteristics can also be found within the individual data collection phases that can be as-
signed to a cross-sectional approach. Despite the fact that the project took several years, and within
which different strategies had to be developed and applied in order to obtain data, it cannot be re-
garded as longitudinal. The reason for this is that data collected within the defined case (hospital) is

placed in an overarching context by means of analyses.

The phenomenon defined by the research case, which is investigated, is answered step by step by

including and studying individual cases (hospitals).
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Data is collected and analysed in different phases. The data of the included cases (hospitals) are not
collected at the same time and hospitals are not accompanied and studied over a longer period of
time. Instead, it is important to capture the picture as comprehensively as possible in order to create

a practice-oriented framework based on the results.

6.7 Sampling strategies

Also for the sampling the strategy gives a framing element. The sampling strategy orientates the data
collection, that is, to achieve the objectives, and thus, collecting data to answer the subquestions

and the research question.

6.7.1 Theory

According to Bryman and Bell (2015 p.14)sampl ing i s the fAselection of
search questi ono.Fliok 010 p.125),t shfepling siratehies destribe ways of dis-

cl osi ng heredreé twdndia stratdgies for sampling that can be distinguished. They are non-
probability and probability. The difference is the choice of each case being selected from the target
population. For non-probability samples fthe probability of each case being selected from the target
population is not known and it is impossible to answer research questions or to address objectives

that require you to make statistical i nf(Laungletsc e s ¢
et al., 2016 p.276). In contrast, with probability samples fthe chance, or probability of each case
being selected from the target popul at (Saumdeisset k n o
al., 2016 p.275).

Miles and Huberman (1994 p.28) describe forms of sampling for qualitative research, which are more
or less systematic and more or less pragmatic. Purposive sampling is a selection of cases solely on
reasons referring to the research question (Saunders et al., 2016 p.301). Purposive non-probability
sampling may be one of six different subtypes, based on how the case selection is done. Saunders
et al. (2016 p.298) distinguish between extreme case, heterogeneuous, homogeneous, critical case,
typical case, an theoretical. Sampling in qualitative research is seriously is a way of managing diver-
sity (Creswell and Plano Clark, 2011). It aims at capturing the variation and variety in the phenome-
non under investigation by studying the empirical material, of course, as far as possible, and limited
to the methodological choice. The sampling strategy pursues a certain goal. Patton (Patton, 2002)
suggests alternatives of purposive sampling. Placed in the theoretical context of the research project,
they are relevant for the decision made in chapter 6.7.2. In his list of alternatives, Patton (2002)
mentions the criterion of convenience, which refers to the selection of those cases that are the eas-
iest to access under given conditions. However, this is not really a suggestion for how to plan a
sampling but rather a second-best choice, if none of the more defined alternatives can be applied.
Although this strategy may reduce the effort, it should only be chosen if it is the only way to do a
study. This because of limited resources of time and people or due to problems of applying a more

directed way of sampling.
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Miles and Huberman (1994 p.28) mention the use of a homogeneous sample in particular for inter-
viewing or of a theory-based sample derived from a specific theoretical construct, which is to be
elaborated empirically. They also suggest mixed forms like a random purposeful sampling, when a
consistently purposeful sampling would produce too large numbers of cases to be handled. Or they
suggest stratified purposeful sampling, based on building subgroups in the sample for comparison.
They also suggest mixed sampling, which is putting multiple interests and needs into concrete terms
in one sample. Finally, they list snowball sampling, which is going from one case to the next, asking

interviewees for other people who might be relevant for the study and the like.

6.7.2 Applied in research design

For this research project a purposive non-probability sampling strategy was applied. The category
dheterogeneuousd(Saunders et al., 2016 p.298) is presumably the one representing best the cases
ofthisresearchas el ement s of P alted dmiedl seso(r@editaRcessillie/ dnixed

samplingdand &nowball samplingdcan be identified.

6.8 Literature review

One of the first steps is to structure one's own research work on the basis of known, already pub-
lished information. In order to build research upon a solid foundation guiding and justifying the direc-
tion of the research project, the first empirical step begins with systematically reviewing the field of

research interest.

6.8.1 Theory

Blumberg et al. (2011) gives a further function to the purpose of a systematic review. It forms a
fscientific contribution to the field. The primary objective of a systematic review is the evaluation of a

research field through assessing a complete set of therelevantst udi es covering the
According to Wilson (2010 p.55)A A Itinterraevi ew can be described as
cirtically assessingd what has Easterny-Smithletlal. 012 d o n
pp.102-103) complements that a systematic review helps the researcher to find out specific needs

of a research field and it guides to later placing and fitting o0 n e da results into a specific research

context.

With the interpretation of Saunders et al. (2016 p.73), Wilson (2010 pp.57-61), a literature review is
a process starting with the defined research question and the related objectives. As a consequence,
the results of the literature review are used to better know about potential areas of research onto
which the focus of the research can be spotted or onto which the focus can be sharpened. It also

aids in formulating the research question, the aim and the objectives of this research project.

6.8.2 Applied in research design

The literature review was done by referring to the key areas described in chapters 2, 3 and 4. They

all relate to the research question and the aim (Easterby-Smith et al., 2012).
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The specific review results are summarised in chapter 5. It was the purpose of the researcher to build
research on a solid foundation. For that, the initial literature review was undertaken before data col-
lection began. Nevertheless, accompanying literature was continuously added to the research pro-
ject. The main task of the literature review is to identify available literature that underpins the legiti-
macy of the research project. In particular, the search aimed at literature on business focused re-
search in healthcare, water safety management, risk management and Legionella prevention. All of
that with a focus on processes and stakeholders. However, the extent to which the relevant standards
and technical rules in the United Kingdom (e.g. BS8580, the HTM04, ACoP L8, documents of the
WMSoc) can actually be found in the management of the individual hospitals, can be empirically
investigated with this work. The empirical approach following the literature review uses qualitative
research methods that include interviews, document analysis, an online survey and focus groups for
validation (see chapters 6.9.3 to 6.9.6).

6.9 Data collection

Among the different types of data collection reported by literature four are highlighted specifically that

are selected for thi s-struceireceame-to-tine Threteraviee waade, mi 6 d
ot her secondabrays edda tsaubr,v edygie daimpad 66f ddhus chapter int
specifically after presenting references to theory and the contextualisation of the sampling design.

6.9.1 Theory

According to Aldridge and Levine (2001 p.6), Singh (2007 p.69), Martins (2010 p.144), and Maree

(2012 p.155), both one-on-one interviews and web-based surveys, are examples of survey research
which can be defined as fithe assessment of the ¢
guestionnaires or i nter viMeMilgnahdSchumachek 2001w.602)pTie u |l at
difference between the two data collection methods is that the interview is qualitative and adminis-

tered by the interviewer. This means that the researcher guides the interview (Martins, 2010 p.143).

The progress of doing the interview is guided by an interview guide (Martins, 2010 p.162). In contrast,

the web-based survey focuses on obtaining qualitative and quantitative data. The survey is self-
administered, which means that the respondents complete the questionnaire by themselves
(Lighthelm, 2007 p.184).

For the purpose of this study it should be noted that the qualitative interview should not be confused
with an in-depth field research interview, where the researcher is interested in the actions of the
participants in their natural environment (Babbie et al., 2007 p.305). The questions are rather devel-
oped too deeply go into the working environment of the interviewee in the sense of understanding
their processes and duties. But this procedure does not comply with the definition of an in-depth field
research interview. To put it further, in the interview study phase Ib (UK context), the researcher
should be abletoapplyt he r espondent 6uwndesstaqiagrofthe procedsas and take-

holders in order to compile a framework.
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The advantages of using survey research are that responses can be obtained from a large number
of respondents. It also provides strong generalisability because the survey is often conducted in the
respondent s& n alAllanreadl.,i2800 p.Xl). Aceotding ta 4ldridge and Levine (2001
p.12) it does provide the researcher with descriptive material, which can be further explored. Alt-
hough a survey does not really allow the researcher to make causal inferences, thereby not providing
fi ¢ a weBeet relationships among v a r i a(Bllerees a., 2009 p.11). The data collection approach
for this study allows the researcher to follow up and further explore the data obtained from different
sources of interviews of two research phases (la and Ib) and develop a web-based survey (phase Il)

that feeds the framework.

6.9.2 Sampling design

The next sections focus on the unit of analysis, population, sampling frame, sample and the sampling

methods.

6.9.2.1 Unit of analysis

According to De Vos (2007 p.104), the unit of analysis becomes evident when the research problem
is defined, since the researcher has already decided whether individuals, an event or organisations
will be explored. According to Mouton (2002 p.47&p.91) the unitof analysi s i s t he
soci al i iwsthe lolgeodts or entities to which the findings of the research apply or the elements
on which summary descriptions are created (Babbie et al., 2007 p.85). Various categories of unit of
analysis are identified by Mouton (2002 p.91), namely individuals, organisations, institutions, collec-
tives, social objects, social actions or events and interventions. Since this study focuses on obtaining
the insights of processes and stakeholders for a certain area of responsibility, the unit of analysis for
the purpose of this study is specific departments of specific organisations, which are hospitals Figure
6-7.
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Case

Hospitals in England

Unit of analysis

Estates or FM department
(hospital)

Object of analysis:
Processes and stakeholders

Water safety and the process of Le-
gionella prevention and risk manage-
ment

Figure 6-7: Case environment

6.9.2.2 Population

The population is t(Bnananiz200lip8eose nofot ah {Daygponand uni
Holloway, 2011 p.209)f r om whi ch the sample is drawn, and is
events, organisation units, case records or other sampling units with which the research problem is

C 0 n c e r(Streddm) 2007 p.194). The population is therefore the overall figure or phenomenon the
researcher is interested in investigating (Thomas, 2011 p.61) and is the entirety of sampling units

relevant to the research problem (Maree, 2012 p.147).

For the purpose of this study existing hospitals in Germany, Switzerland and England (phase la),
respectively England (phases Ib and Il) list the potential population. They include the processes and
stakeholders under investigation. It was expected that only a small number of these organisations
would be accessible. To judge the sampling frame (Table 6-3), it is essential to understand the

thoughts presented in chapter 6.9.2.4.

6.9.2.3 Sampling frame

Maree (2012 p.147)def i ne t he sampling frame as @nidvwhiclst of
each wunit is uniquely number #édutowm (200ZpalB5) refers tathed q u e |
sampling frame as the collection of cases from which the actual sample will be drawn, which serves
as the basis for sampling. According to Babbie et al. (2007 p.199), to ensure that the sample is
representative of the population, the sampling frame should include a large number of members of

the population.
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Table 6-3: Population and sampling frame

Germany Switzerland England Represented in
research
Number of hospitals 35in total
in research
3 phase la —» 2 phase la —» 3phasela —®8phasela
11 phaselb —*1l1lphaselb
16 phase Il % 16 phase Il
Total number of hos- | 2017 288 1920
pitals in country (Klauber et al., (BAG, 2017 p.3, | (Statista,
2015 p.360, Table 1) 2017)
Table 20-1)

Tustin (2010d p.337) and Fouché and Delport (2007 p.82) st at e t hat a sampl e i
popul ationo or a dAsmal.l r e pr e s eantfiestpioaesses arfd stake-w h o |
holders of a very specific and selected topic in a very sensitive business environment (hospitals /
healthcare setting) it became evident, that different strategies of approaching hospitals had to be

tried to increase the likelihood that these specific addressees would answer the interviews and the

survey (see chapter 6.9.7). Yet, a total of 35 organisation individuals of the theoretical sampling frame
indicated their willingness to participate in the study, which comprises the sample of this study. As

the type of study of phase la contains elements attributed to an international, multisite study, chal-

lenges in international studies (e.g. language barriers) have been considered (Tate et al., 2017

p.474).

The next section investigates the sampling methods used in the study.

6.9.2.4 Sampling methods

Sampling methods can either be categorised as probability samples, which are utilised in quantitative
research, or as non-probability samples, which are generally used in explorative, qualitative research
(Strydom, 2007 p.327), (Cargan, 2007 p.242). Since a specific sampling procedure is applied in line
with the exploratory nature and predominantly qualitative research approach, non-probability sam-
pling methods were used in this study. However, it should be noted, that the results of the survey
would only be applicable to the realised sample and it would not be possible to generalise the results
to the population of this study, because each organisation in the population did not have an equal
chance of being selected (Tustin, 2010d p.344). Furthermore, the rationale behind the sampling pro-
cedure was to purposively obtain a sample of hospitals that were willing to participate in the interview
and survey study to obtain insights for identifying the processes and stakeholders on Legionella
water safety and prevention in hospitals in order to elaborate a framework for estates and facilities
management with focus on England. In line with the sampling process explained above, the following
two sampling methods were applied: purposive and convenient sampling. Purposive sampling is
based on relevance (Gibson and Brown, 2009 p.56)and can be def i nepobabigy ia t
sampling in which the units to be observed are s
about which ones wil/l b e t HRabbmeetalt, 2007p484u 1 or r epr e
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Purposive sampling requires the researcher to have knowledge of the participants involved and any
bias that may occur in the selection of participants cannot be controlled (Cargan, 2007 p.243). For
the purpose of this study, purposive sampling was applied in two ways: Firstly, since this study was
specifically concerned with identifying processes and stakeholders on water safety management in
hospitals across Germany, Switzerland and England (phase la) respectively England (phases Ib and
I), these were purposely selected. Secondly, since this study was based on estates and facilities
management with a water safety management perspective, only the senior professionals in these

organisations were purposely approached to participate in the study.

A convenience sample, also referred to as an accidental, available or opportunity sample, is drawn

from the Aunits of anal ysi @®uRldoy20029.ale) ocro nfivr eemaidd H tyl

s i b(Cargan, 2007 p.242). According to Mabry (2008 p.223), convenience sampling will always be
a key consideration in any sampling strategy, since the willingness of participants could be limited or
access to a site or documents could be restricted, which forces the researcher to conduct the study
with the elements or participants that are available. In line with these arguments, convenience sam-
pling was applied in this study because only those organisations that expressed their willingness to
participate were included in the sample. Furthermore, one-on-one interviews were also only con-
ducted on site with senior professionals who were conveniently available and actually willing to par-
ticipate. If they were not physically available, a more convenient way in doing telephone interviews

(one-to-one / telephone or internet-mediated interview) was chosen.

6.9.3 Semi-structured one-to-one interviews

Berg and Lune (2012 p.105) give a simple definition for interviewing. They seeitias a conver s

wi t h a pAunmore aetadedl view is given when categorising interviews by a structural level.
There are three commonly known different types. They are unstructured, semi-structured and
structured interviews (Saunders et al., 2016 p.390, Berg and Lune, 2012, Easterby-Smith et al.,
2008). A semi-structured interview can be defined as an interview in which the researcher utilises an
interview schedule with predetermined questions to guide the interview, but not to dictate the
interview (Greeff, 2007 p.296). It also allows the researcher to deviate and ask follow-up or probing

qguestions based on t hs€DupPlaoy,2002n.1g7a.nt sd r esponse

Interview types can further be distinguished by the setting in which the interview is held. There are
one-to-one or one-to-many situations (Saunders et al., 2016 p.392). With reference to Saunders et
al. (2016 p.392), there are three sub-types of one-to-one interviews. They are one-on-one, telephone
and internet-mediated interviews and depend on the type of communication and where the interview
is conducted. One-on-one i nterviews ar e foronebasisdoucalleceqdalitatine
data from r(Matmng 2080911628 Greeff (2007 p.296), Gibson and Brown (2009 p.86),
Alvesson (2011 p.9), and Thomas (2011 p.162) distinguish between three types of one-on-one inter-

views, namely unstructured, semi-tructured and structured interviews.

For the interview situation one-to-many, there are numbers of different terminologies (Saunders et
al., 2016 p.416). Two main categories are group interview and focus group (Saunders et al., 2016
p.416). As O6f ocus gr oup 0tofasseparatephaseoét this réseacch mdjeet (pkase

I, it is explained in more detail in chapters 6.9.6 and 6.9.7.4.
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Group interviews are, according to Saunders et al. (2016 p.419), interviews where a moderator (e.g.
researcher) needs to ensure each participant has an equal chance to share his or her opinion. There
are similarities in the structure of group interviews and focus groups. Of these, the element of the
focus group was seen appropriate for the research progress. The advantage of the semi-structured
interviews is that @Ayou c(Bhomag 8011 pt163 wHick impliesahftitb ot h
gives structure to the discussion and affords participants the opportunity to introduce new topics at
the same time (Greeff, 2007 p.296). Further advantages and disadvantages associated with one-on-

one interviews in general are presented in Table 6-4 (Greeff, 2007 p.299, Babbie et al., 2007 p.267).

Table 6-4: Advantages and disadvantages of one-on-one interviews

Advantages Disadvantages

ARelatively quick access to large amounts of | A R e § (pérsorel) interaction which requires
valuable data. cooperation. Achieving this goal when doing the
interviews on-site in different countries is diffi-

A Depth of data and ac

. cult, because it may be time- and cost consum-
titioners &nowledge.

ing. For that, an explicit and clear communica-

A Opportunities for probing to encourage the tion is the key to access.

participants to further elaborate.
A Partici pant sgtonshaye infoe

ARequests for secondary data, which support in mation.

understanding processes, organisational struc-

tures, stakeholders, rules of collaboration, poli- A The researcher may 4

. . evoke the desired response.
cies, process environment.

A Participants may no
accurate answers (motivations e.g. fear, pres-

sure, lack of time, frustration, pragmatism).

The selection of the type of an interview also determines the type of relationship between the re-
searcher and the participant. The following issue pertaining to the relationship, as highlighted by
Daymon and Holloway (2011 pp.235-236), was also taken into consideration as people at manage-

ment were interviewed:

1 rDifficulties may arise when the researcher has to interview participants in status positions,
since these participants usually drive their own agenda. This was the case in this study. It
requires patience of the researcher and a diplomatic and tactful way of communication and

phrasing of questions.o

6.9.3.1 The design of the interview guide

According to Greeff (2007 p.296), t he terms fAinterview schedul ed al
interchangeably to refer to a question sheet to guide the interview, which provides the researcher

with a set of predetermined questions to engage the participant(s).
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Similarly, Thomas (2011 p.163) defines an interview schedule or guide as a list of issues that need
to be addressed during the discussion. However, Aldridge and Levine (2001 p.6) state that an inter-

view schedule is used in structured interviews and an interview guide in semi-structured interviews.

An interview guide during phase la (Figure Appendix A-3) and phase Ib (Figure Appendix A-6) in-
stead of an interview schedule was the preferred term for this study. The advantage of compiling an
interview guide prior to the interviews is that it assists the researcher to think openly about what he
or she aspired to achieve in the interview and compels the researcher to review any difficulties that
may occur during the interview (Greeff, 2007 p.296). Furthermore, an interview guide gives the dis-
cussion a logical order and allows the researcher to easily navigate between different parts of the

discussion (Liamputtong, 2011 p.76).

The following sections will focus on question types and interview guide structures, as well as the
measures that were employed to ensure that the questions in the interview guide were understand-

able and correctly interpreted.

6.9.3.2 Question types associated with a semi-structured interview

All interview types are based on questions, which can either be open-ended or closed. Open-ended
questions allow the participant to formulate the answer with their own words, own explanations and
own logic (Bernard et al., 2017 p.81). In contrast, closed questions are answered with one word or
a few words, which can also be predefined by the researcher to be chosen for selection by the par-
ticipant (ibid p.81).

Besides the focused questions in the interview guide that will be asked on the basis of the categories
identified in the literature to address the research problem, a semi-structured interview also allows
the researcher to ask other questions during the discussion to supplement the focused questions
and to ensure the success of the interview (Liamputtong, 2011 pp.77-78, Du Plooy, 2002 p.176).

6.9.3.3 Interview guide categories

The purpose of the one-to-one interviews was not only getting access to a topic that is usually not
easy accessible. It was necessary to work out topics of interest in hospitals in order to address the-
oretical issues identified in literature and getting the perspective of people responsible in order to
build a fundament for the web-based survey to complete data collection.

More specifically, the interviews were used to explore and identify the needs in terms of processes
and stakeholders in water safety risk management and Legionella prevention in hospitals to build the
basis for a framework for estates and facilities management. For achieving this, it was necessary to

address the finer details of each phase of the research project.

Although the one-to-one interviews were semi-structured, these predetermined questions enabled
the researcher to guide the discussion during the interview and keep or bring it back on track. Fur-
thermore, the interview guide categories facilitated the data analysis process. The semi-structured
nature allowed the researcher to prompt, probe and develop new questions as the discussion pro-

gressed.
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6.9.3.4 Pilot testing for improving quality of interview guide and questions

To determine the quality of the interview guide - as also later for the survey questionnaire of phase
Il - pilot testing was conducted for the one-to-one interviews. It is, according to Foddy (1993 p.185),
guidelines for evaluating the proposed questions of the interview guide. Evaluation questions in-

cluded the following specific scrutiny:

- Did the questions make the participants uncomfortable?
- Did the questions have to be repeated?

- Were the questions misinterpreted?

- Which questions were the most difficult to read?

- Did any sections of the interview seem to be too long?

- Were there any sections in the interview that required further elaboration?

Two pilot one-to-one interviews were conducted for phases la and Ib with independent participants,
who were not included as participants or respondents during data collection phase. They were pro-
fessionals with more than 25 years of international experience in the field of water safety manage-
ment. Since the one-to-one pilot test interview participants had background knowledge of the study
because oft h e r e s ereguesthaedeRpianations (teaser) for getting motivated for pilot testing,
it was of great advantage to also integrate both for pilot testing in the later stage of the research, the
web-based survey. Here, two additional experts, specifically in the UK context, gave feedback on the
survey content and structure to accurately determine the quality of the questions. Their written feed-

back is exemplified in Figure Appendix C-4.

6.9.4 Documents and other secondary data

A general definition on secondary data is filata that were originally collected for some other purpose.
They can be further analysed to provide additional or different knowledge, interpretations or conclu-
s i o (Sauiders et al., 2016 p.727). Thus, secondary data is raw data and published data which
has been collected for a purpose other than that which it is used for in the present context or stage
of the study (Saunders et al., 2016 p.316). Such data includes both quantitative and qualitative data
and can be distinguished by three major categories. They are document based, survey based and
received from multiple sources. It may be referred to a specific source and how the data has been
collected (Saunders et al., 2016 p.318). Bryman and Bell (2015 pp.555-563) distinguish different
types of secondary data with reference to the origin of the data. These are a) personal documents,
b) public documents, c¢) organisational documents, and d) mass media outputs. In addtition they
categorise secondary data by the way of how information is provided and accessed. This could like-
wise be visual data, virtual documents and text-based documents (Bryman and Bell, 2015 pp.564-
567).

6.9.5 Web-based survey

Jansen et al. (2007 p.2) identified the three categories of collecting survey data online, which are
O0point of-maioihtlazs & dbdadseaTtbdpainioécbntact type is characterised by where

the respondent completes the survey on a computer provided by the researcher.
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In the e-mail-based category a survey is delivered via e-mail to respondents and the data are man-

ually coded by the researcher. In a web-based survey the survey resides on a network server that is
accessed via a web browser. That case does not require the researcher to manually code the data.

A survey usually consists of a set of questions, which can also be termed a type of questionnaire.
Saunders et al. (2016) cat egori se o6delivery and c ol-ddmimsteied n qu
questonnaired, oO6online questionwmainmead,stepedt Gmegue s
erally speaking they define questionnaire is a fgeneral term including all data collection techniques

in which each person is asked to respond to the same set of questions in a predetermined ordero
(Saunders et al., 2016 p.725).

6.9.6 Focus group

Focus groups became widely used in marketing research during the 1980s. The original source is
found in sociology. Today focus groups are used for diverse research applications and in different
science disciplines, for example business research. There are numerous books on doing focus
groups. Helpful guidance on conducting virtual focus groups is also provided and considered for this

research project (Stewart and Shamdasani, 2014).

Many corporations are using focus-group results for exploratory applications. As a group interview
tool, focus groups have applied research potential for functional areas of business. Especially where
the generation and evaluation of ideas or the assessment of needs is indispensable. In exploratory
research the qualitative data that focus groups produce may be used for enriching all levels of re-

search questions and hypotheses (Blumberg et al., 2011 p.157).

Focus groups can even be applied for the purpose of validation. According to Blumberg et al. (2011

p.269) a focus group is a panel of people. They are i ( ded by a moderator, who meet for one to

two hours. The facilitator or moderator uses group dynamics principles to focus or guide the group

in an exchange of ideas, feelin@umbergetale20ldle.26D)enc e s
Usually a focus group is held with eight to ten participants and a moderator (Sekaran and Bougie,

2016 p.121). The researcher, who operates as moderator, intends to produce a group setting that
fstimulates discussions that would not occur in simple two-person interactions and encourages peo-

ple to explore similiar.i,tccoeddgtaPatton #I9B7ak a@tedénrBereasd o f |
et al. (2017 p.87).

The past chapters described the theory of different types of data collection. The next chapter applies
this theory to the research project and exemplifies the procedures used during the course of re-
search.

6.9.7 Applied in research design

The following chapters present in detail the specific nature of methodology applied in this research.

6.9.7.1 Semi-structured interviews

In this study, semi-structured one-to-one interviews were conducted with eight and eleven partici-

pants in the realised sample of phases la and Ib respectively.
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For that, a catalogue of questions for both interview studies was compiled. The semi-structured in-

terviews required semi-structured data collection instruments (Blumberg et al., 2011 p.246).

The researcher considered the following requirements of semi-structured interviews, which required
the interviewer to focus on guiding the conversation around the research topic. In each situation he

managed the course of the interview without distracting the natural flow of the discussion.

He also had to sense when a certain topic had been exhausted and when it was time to move to the
next element of the interview. The researcher supported the participants to connect the various topics
under discussion in order to see the collective whole of the interview. Finally, he had to manage the
time of the interview and evaluate the significance of information while it was being produced (Gibson
and Brown, 2009 p.88). In addition to these requirements, the researcher also probed for responses
to make sure that the participants elaborated further on those answers that were either incomplete
or unclear (Babbie et al., 2007 p.269).

One of the objectives of the semi-structured one-to-one interviews in this study was to explore the
gaps of knowledge and reporting in topics of water safety and Legionella risk management from the
perspective of estates and facilities management that were found in literature. Another intention was
identifying the areas of interest to further elaborate the questions for the web-based survey. The
participants of the interviews all held senior management or executive positions in estates and facil-
ities management. The interviews were recorded by means of a dictaphone with prior permission
from the participants. Although recording of interviews can make participants uneasy, it ensures that
the researcher is not distracted by taking notes. Furthermore it provides a complete record of the
interview and the participants can f ol |l ow(Kdlyh
2006 p.298). According to Babbie et al. (2007 p.266), recording an interview is essential to ensure
accurate interpretations and analysis. However, the dictaphone should be placed out of sight so as
not to unnerve the participants (Greeff, 2007 p.298). A complete record of the interviews therefore
enabled the researcher to compile a full transcription of each interview to facilitate data analysis. In
parts the researcher did the transcription himself, which allowed him to immerse himself in the data
and focus on certain key issues (Daymon and Holloway, 2011 p.234). Where the researcher used
the support of a transcription service, as described in chapter 6.10.2, he did not fail to check and

revise the output results for achieving the highest levels of desired accuracy and completeness.

6.9.7.1.1 Iterative development towards interview questions

For phase la and Ib the interview questions were developed by the researcher and then discussed
and piloted with each of the two experts in their professional field. The interview guide was then
revised to clarify language and improve content capture prior to the initiation of the study. The focus
of these discussions was laid on the overall structure and understandability. There was also seen a
chance of discussing and complementing the questions with aspects of contemporary issues with
the experts are confronted in their experience in consulting, research, public work or governmental

limitations.

Each discussion with the experts was carefully considered for taking influence on the proposed focus

of the questions, that were based on preliminary results of the literature review (Tate et al., 2017).
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They were held as one-to-one one-on-one discussions. During the discussions field notes were

placed on the draft version of the interview questions for later consideration.

There were two consecutive phases of interview studies designed in this research project with each
based on a different interview guideline. The interviews held in the England, Germany and Switerland
(phase la) were eight semi-structured, one-to-one telephone or internet-mediated (3) and one-to-one
one-on-one (5) interviews. Phase Ib comprised eleven interviews with experts in England and were

semi-structured one-to-one / telephone or internet-mediated.

The initial interview guide was further refined through iterative review of small batches of interview
transcripts as the study enrolled subjects. Based on these reviews, the interview guide was adapted
partway through interview recruitment to clarify the wording of an interview prompt. The researcher
was thereby guided on giving more space in terms of time to questions where there is a higher

potential of receiving comprehensive answers in the sense of answering the research question.

6.9.7.1.2 Two interview studies initiate data collection

During the interview study phase la, a minimum of two interviews was held likewise in England,
Germany and Switzerland with people responsible for water systems in hospitals. In places where a
visit on site was not possible, telephone or internet-mediated interviews were held (Skype, Adobe
connect). The intended interviewee target group were gatekeepers to the organisation in a «typical»
estates, FM or role of equivalent job positions. There was a threefold set of aims in conjunction with
this first step of research. Phase la itself is an important pilot stage (6.9.3.4) and thus, a very explor-
atory phase. It shall confirm the procedures chosen and test whether or not the strategy for data
collection can be handled. Furthermore, it gives the chance to modify the data collection process in

an early phase of the research project if seen necessary. The three aims are to

1 Explore job descriptions and functions in hospitals that have a connection to Legionella risk
management of water systems and water safety management

1 Test the fluency of the procedures selected for data collection, which especially means ac-
cessibility to interview partners of a certain management level, their willingness to partici-
pate, the quality of answers, the amount and variety of purposeful data

9 Verify and confirm the case strategy chosen. I n t hicase&k oing etxd ,be under
cording to the interpretation of Yin (2014) and Saunders et al. (2016), as reported in chap-
ter 6.9.2.

6.9.7.1.3 Selecting and accessing interview partners

Mainly the interview study phase Ib is to figure out job titles, a set of descriptions, functions of people
responsible for water safety in hospitals and reflect a better picture on their affiliation within the or-
ganisation. The target group was set as Head of Estates and Facilities of NHS Trusts, NHS Founda-
tion Trusts, NHS hospital Trusts or similar positions. All eleven interviewees hold positions of higher

management and meet the criterion of their affiliation.

The aim at this stage of data collection is to get deeper and more specifically into the topic of stake-

holders and process owners.
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It shall access estates and FM representatives of hospitals, gain deeper knowledge on the organi-
sational structure and the process of Legionella prevention and water safety and get an impression

of the understanding of processes in a hospital as an organisation.

For that, there were applied open and closed ended types of questions. Before the questions were

finally set up, there were two deliberations considered for compiling the interview guideline:

1 Closed-ended questions were included, although a sample of 11 interviews was too small
for any statistically significant analysis. Although closed-ended questions are more typical
for analysis and quantification with a statistical purpose, those questions were included. It
can be reasoned by the fact that the questions were seen relevant to gain basic evidence on
certain elements on the specific topic.

1 At first, the questions were grouped following a certain structure to be in line with the pro-
posed procedures for analysing. Three main categories, that will also be applied as the basic
structuring element of the survey in research phase Il, were 'roles and responsibilities’, 'man-
agement and processes', and ‘processes and collaboration' (see also CTAAPM and PESTLE
categories in chapter 6.10.2). But with respect to the coding process during template, the-
matic and content analysis with matrix instruments, the questions were better grouped into
categories of lower level themes. Thesewer e set with dédmanagerial |/
owners [/ pr oces sdeepkrénrhe higraachy. of tieagroupigg for detailed de-
veloping of the coding process was seen as the right approach for preparing analysis. Be-
cause of the exploratory character of the research, this measure was seen logical and helpful

for initiating a purposeful coding process.

Random sampling of professionals in England, meeting the above-mentioned criteria and having
responsibility in estates and facilities management, according to their job description (=filter criterion),
was undertaken. Recruiting of interview partners and access was given by chance via asking first
and second rank contacts of the researcher, available through the professional job network Linkedin.
Even professional groups were searched for potential contacts if interested. By evaluating the job
descriptions made public in the platform, contacts were selected by identifying those meeting the
criteria of being in the position of the required target group. In all cases, the search was made for a
designated o6Head / Di r e chyapplyirg Boolean searche BableaApuendix a ¢ i |
A-14 shows exemplified job titles and functions of potential interview partners of different organisa-
tions. With some of these an interview was conducted. Intensive and persistent search and request
loops had to be conducted in order to get a number of eleven interview partners. Figure Appendix
A-1 shows an invitation request for interwiew via LinkedIn contacting professionals who were quali-
fied by job title. Another hurdle was the limitation of the text message with only a number of 300
characters available to attract interest to qualify for contact consideration. Figure Appendix A-2
shows a subsequent invitation via email for an interwiew, contacting professionals who qualified by

job title and agreed on a contact request via LinkedIn.

Of all the search and request attempts finally eleven interviewees participated. In most cases (8) an
interview appointment could be arranged directly with persons requested in the respective hierarchy
level of management, otherwise an interview was delegated by first contacts to employees at a dif-

ferent organisational level (3).
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Table 6-5 shows the profile of the response activities attempted during requesting for interviewees

meeting inclusion criteria.

Table 6-5: Responses on phase Ib interviewee invitation
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Table Appendix A-15 lists all interview partners, by job description, who agreed on participating in
the study during phase Ib by giving their written consent. There is an announced duration of about
45 min for each interview. Because the interview may develop a high level of interest in the inter-
viewee of this exploratory research approach, the interview time may exceed the planned time. To
meet and confirm the research criteria of confidentiality, as described in chapter 6.16, the interview-
ees were handed an information and consent form prior to the interview. Table Appendix A-15 table
shows the identifier of each interview participant, job descriptions, the date on which each interview
was held as well as the duration of the interviews in minutes. For data processing in terms of prepar-
ing data, coding and for analysis purpose, each interview partner was abbreviated with an identifyer
dP6(IP1 to IP11). Altogether the duration of the interviews of phase |Ib was about 737 minutes or
around 12.3 hours. The audiotaped interviews were transcribed into a standardised template struc-
ture, defined by the researcher (see Figure Appendix F-1 for phase la and Figure Appendix F-2 for
phase Ib), which resulted in 171 pagesor 916254 wor disterwelv datamaterial.dnter-
ruptions in audio recording occurred three times where the audiorecording device did not work
properly. Technical problems were each solved within one minute or faster. Consequently, recording
generated two files. Each is shown separatelyinc ol u mn 6 Drabte #&ppendix A-15), but was

aggregated for data processing and analysis.

6.9.7.2 Documents and other secondary data

The interviews provide the opportunity of requesting additional data from the interview partners. For
that, the researcher asked specifically for them to provide certain documents of interest, which are
seen in organigrams, diagrams, reports or policies. Such documents were requested during the one-
to-one interviews of phase la and Ib. Where there was no constraint against it, they delivered those
documents by sending an email to the researcher with the documents attached. In cases, and for
the purpose of this study, documents were handed out or sent to the researcher via e-mail after
completing the interview. The selection of documents attached to the e-mail was made by the inter-
view partners. The researcher particularly requested for specific documents such as 'policy', 'water

safety plan' and 'process diagrams'.
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Document analysis intends to apply content analysis as a data analysis method applied on policies
or plans by visual methods and image-based research, according to Saunders et al. (2016 p.608)
and Quinlan (2011 p.226). For the purpose of the document analysis an overview about the received
documents was made in the form of tables to better gather the sources. This was done, according to
criteria 61D of ddogume rsdadiitdred,ofdtdyoreas mefnt 6, 6
group Ot ype pesentdtohceu nteenstedar cher 6 s cl assificati

content. Classification criteria were applied successively in the following order of consecutive runs:

Run 1: The document title indicates a certain document class.
Run 2: The content of the document indicates certain criteria for a specific document class.

Run 3: The structure implies a certain type of document.

Results are presented in chapter 7.3

6.9.7.3 Web-based survey

Preliminary results of the one-to-one interviews were studied prior to generating the web-based sur-
vey, which allowed the researcher to further explore issues and further develop questions evidenced

in the interview data.

6.9.7.3.1 Characteristics of web-based survey

The target population were identified in management responsibilities by roles for the process of water
safety management. As a result of the interview studies phases la and Ib, the target group has been
defined as water safety group members. It would be interesting to look at the makeup and influence
of the different disciplines inthe WSG.Fr om a c¢l i ni c al perspective
are involved but also the specialist user groups such as dialysis, aquatic therapy, decontamination
etc. But in this research the focus is set on the non-clinical perspective, specifically on estates and

facilities management.

The survey takes 25 minutes for completion. Admittedly, this time interval is quite long for a web-
based survey. While designing and programming the survey the questions had been reduced to the
minimum number that seemed to be necessary to collect sufficient information for answering the

research questions.

Initially the survey underwent a pilot test with two professionals and then was revised to improve
applicability (See chapter 6.9.3.4). Before launching the survey, it was clear that there would be no
6r eci pitewhictsthelsurvey could have been sent easily and comfortably. A consequence of
the sensitive topic is, that only a rough estimation about the potential impact was possible, i.e. num-

ber of people who could be addressed.

A web-based survey was used in this study for the following reasons, as described by Ma and
McCord (2007 p.9):

It significantly reduces data collection costs and complexity;

1
1 the manual data entry process is avoided,;
9 it eliminates interviewer bias;

1

it increases the response to sensitive questions;
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9 it allows the incorporation of audio and visual material;
1 and it offers higher quality data because it often incorporates system functionality that pro-

hibits response errors.

Furthermore, since the respondents will not have much time to complete the survey because of their
management positions in business, a survey method that provides a fast and effortless answering
process was required. The purpose of the web-based survey was to obtain various inputs from a
wide range of water safety management group members from different professional fields of clinical

and non-clinical background, which was not possible by conducting one-to-one interviews only.

The online survey link was distributed by the researcher via invitation e-mail requesting different
institutions, organisations and societies (Table Appendix A-16) and also postson t he r e
LinkedIn profile and into different LinkedIn professional groups. Also, the help of former interview

partners supported distributing the online survey link.

A general invitation e-mail was provided to former interviewees. Specific examples are given in Fig-

ure Appendix C-2 and Figure Appendix C-3.

Since a web-based survey is an example of a server-side system, in which the respondent completes

sear

the survey while he or she is connectedtotheint er net through a browser,

transmitted to the server on a fl ow b &upsr, 2008
p.3), a convenient and purposeful online survey tool to assist researcher to design and distribute the

survey and to collect and analyse data was used to host the web-based survey.

The LJMU we b Oalipgslineys@formenlyndOS) was applied to compile an online survey,
tailored to the research progress. The online platform is available at https://www.onlinesur-
veys.ac.uk/, a product from Online surveys, Jisc, One Castlepark, Tower Hill, Bristol, BS2 0JA, UK.
Free registration for the researcher was gained through the LIMU student account. Via the dash-
board the researcher programmed the survey termed "Water Safety Management", built up of 31
dominant questions with partial subguestions. The questions were distributed over 28 online pages.
Three different categories had been defined for clustering the questions into logical sections. These
are ORoles and responsibilitieso, 6Managemen

Furthermore, the survey contained questions with logic, resulting in a different pathway in the case

eac

ofnon-applicabl e answer s. d&he researcher tofneatevthe pbovie-mantiones w e

categories by integrating different pages for each category. According to Maree (2012 p.160) Maree
and Pietersen, it is essential to provide a brief overview of each questionnaire category to avoid

confusion and ensure a logical flow.

The respondents were prompted to access and complete the survey via a survey link that transferred
them to the starting page of the survey. An exemplified invitation letter that was sent to respondents
is presented in Figure Appendix D-1. The survey tool allowed the researcher to create a link to the
respective questionnaire, which was included in the e-mail to the respondents. The respondents
were given some weeks to complete the survey. As there was no e-mail address list for water safety
group members available containing more than the already recruited interview participants, great
efforts have been made to attract survey participants through institutions, organisations and societies
(Table Appendix A-16).
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None of the institutions, organisations or societies was able to refer their members to any connection
to a water safety group (Table Appendix A-17). This is notable as it makes access to interview par-

ticipants more difficult.

The following sections will focus on explaining the actual question types, response system, question-
naire categories and the measures employed to improve the quality of the questionnaire. The web-

based survey, as per the survey tool design, is presented in Figure Appendix A-7.

6.9.7.3.2 Question types utilised in web-based survey questionnaire

The questions in the web-based survey were of different types. One type was statement, closed-
ended questions. Statements were utilised because the researcher aspired to determine the extent
to which respondents had a particular attitude towards or perspective on a certain phenomenon
(Babbie et al., 2007 p.246). The closed ended question type allows the respondent to select an option

from a range of options (Delport, 2007 p.174).
The advantages of closed-ended questions are, according to Maree (2012 p.161) that:

9 it provides a simple and quick answering process
i itensures uncomplicated coding and statistical analysis;

1 respondents are more likely to answer sensitive questions.

By contrast, the disadvantages associated with closed-ended questions are, according to Delport
(2007 p.175),Maree (2012 p.161) that:

the response options provided sometimes guide respondents towards a certain answer
the desired answer may not be available

the questions could be misunderstood

the questions may lack detalil

simplistic answers are sometimes provided to complex issues

= =4 -4 -4 -8 -a

a respondent may answer the questionnaire even if he or she is not knowledgeable on the

topic.

However, in the current study, the respondents were of such a specific topic and membership to
ensure that they had knowledge of and experience in the topic under investigation. The questionnaire

was evaluated by a team of experts to ensure that the questions were understandable.

6.9.7.3.3 Response system

A multiple-choice response system, or more specifically, a multiple-choice, single response system
(Cooper and Schindler, 2003 p.251) was used in this study. This type of questions offers at least
three fixed-alternative responses of which respondents should select the option that most accurately
represents their opinion (Lighthelm, 2007 p.398). 6 &s/nodquestions were regarded as dichotomous
responses that only gave the respondents two response options (Delport, 2007 p.175),(Lighthelm,
2007 p.397). However, the response option 6 | prefer notnotaov aa n emtedaled®® a n d
integrated and could therefore be regarded as a multiple-choice question because it offered further

response options.
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For a series of questions of the questionnaire a Likert scale response system was used, which is a
type of multiple-choice question (Delport, 2007 p.177). A Likert scale, according to Babbie et al.
(2007 p.246), is the ideal choice if statement questions are presented. This measurement method,

developed by Rensis Likert in 1932 (Singh, 2007 p.75), comprises a series of statements that high-

|l ight a respondentdés f avour a ltheghenomenanonder imvestigateomn | e a

(Lighthelm, 2007 p.408). Besides the advantage that the design process of a Likert scale is relatively
simple, the reliability can be measured together with the data collection process (Du Plooy, 1996
p.82). The response options of the Likert scale provided in the questionnaire were dependent on the
question. The surveytoolal | owed t he researcher to compile

peechoice (only 1 answer)o option.

6.9.7.3.4 Quality of web-based survey questionnaire

Various measures were implemented to ensure the quality of the questionnaire for the web-based
survey. Firstly, the researcher made use of a panel of experts to evaluate the academic soundness
of the questionnaire. This panel comprised two professionals in the fiels of water safety management
in the United Kingdom. They suggested changes, which were eliminating jargon, excluding unnec-
essary questions, and reviewing the overall wording of the questions (Singh, 2007 p.71). The re-
searcher took orientation from the recommendation that the questionnaire should not exceed 120
items (Maree, 2012). Further revisions to the questionnaire were made, and the final programmed
guestionnaire was shared with the supervisor for a final review. A pilot test (chapter 6.9.3.4) was then
conducted, which served as an additional quality measure of this questionnaire. Gibson and Brown
(2009 p.55) and Strydom (2007 p.331) define a pilot test as a preliminary evaluation to enable the
researcher to make adjustments to questions to ensure the optimal quality of the actual investigation.
According to Babbie et al. (2007 p.257) and Babbie (2007 p.257), it is essential to pretest a ques-
tionnaire to identify any problematic areas such as ambiguous questions and also to determine
whether the intended data collection methods are effective (Du Plooy, 2002 p.93). The pilot test was
specifically conducted to determine the completion time of the questionnaire, to establish whether
the link to the questionnaire and navigation between the various pages on the web-based survey
worked properly, and to determine whether the questions were understandable and correctly inter-
preted.

6.9.7.3.5 Measurement levels

Vari able categories are often also | abelled
numerals to variables is known as measurement (Du Plooy, 2002 p.117). Measurement levels will

now be discussed in the context of this study.

Both nominal and ordinal measurement levels are used. According to Allen et al. (2009 p.10) they
are often described as categorical. In nominal measurement, values are distinguished from one an-
other by different names. Normally they consist of two or more categories (Maree, 2012 p.148). Sim-
ilarly, according to Levin et al. (2010 p.11), nominal measurement involves naming or labelling. This

is classifying or categorising cases and counting the frequency of occurrence.
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Ordinal measurement was used, which is a level of measurement in which rank order is used to
highlight the differences between variables (Du Plooy, 2002 p.119). It specifically involves scales

that include level of agreement, such as the Likert scale (Maree, 2012 p.148).

Figure Appendix A-7 illustrates the structure, Table Appendix A-18 and Table Appendix A-19 char-
acteriset he met hodol ogical and technical structur
ing page is attached on Figure Appendix C-1. For explanation purpose several survey questions
included diagrams and detailed text information, an organogram or a map explaining a certain hier-

archy or a schematic drawing.

6.9.7.4 Focus group for framework validation

Afinal step for the franfewoski vehidhscontaing aptype of prdacdsd map with a

corresponding duties and activities, organised in a logical manner, based on the research data. It

of

further outlines i mportant process owhers, seen

output is the result of the findings of fieldwork phase la, Ib and II.

The «framework» should be understood as the final output document guiding practice, based on
practice. It represents an evaluated current-state guidance document containing information and
knowledge necessary for management responsibilities. It is tailored specifically to the context of hos-
pitals (healthcare organisations) and the perspective of estates and facilites management. The
framework could, for example, be published by a specific professional body such as IHEEM, HEFMA,

government (NHS) or other societies with educational missions (RSPH, WMSoc).

The focus group has been designed with two elements - an initial presentation followed by a set of
prepared questions to which the experts of the focus group are asked to answer. The focus group
will be structured and moderated by the researcher in a one-to-many, internet-mediated setting. As
described in chapter 6.9.6 the focus group is applied for the purpose of validation in this research.
Specifically for the framework validation. But as the framework is an output based on all previous
research phases, the validation step indirectly validates the overall research, seen from the point of
view of the panel of experts in the focus group. Thus it can be said that stakeholder feedback was
taken into consideration for assessing validity (Tate et al., 2017 p.477). Whether or not and to what
extent this framework is accepted from the point of view of practitioners in estates and facilities man-
agement should be verified by means of the validation. In a focus group with 5 to 6 participants, the
framework will be presented in a concise and adequate way. The focus group does not consist of 8
to 10 participants as read earlier (6.9.6), but of 6 experts as this number seems to be sufficient in the
opinion of the researcher. Independent experts in that specific field of research in the UK, with proven

experience and decades of expertise are rare.

A graphical representation of the proposed framework, as outlined in chapter 8, is presented to the
participants accompanied by the questions, to enhance their understanding and to specifically es-
tablish its applicability. The applicability and impact of the framework for estates and facilities man-
agement in hospitals (healthcare organisations) in England will be reflected from two main perspec-
tives:

1 From the perspective of the process of Legionella prevention and risk management for wa-

ter safety in healthcare organisations
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1 From the perspective of the process owners (people responsible) of Legionella prevention

and risk management for water safety in healthcare organisations

In total, 8 questions are asked about possibilities and benefits for application in practice (Table 6-6).
Potential improvements are asked for, which will be considered before thesis submission to revise

the framework output, bringing it into its final shape.

Table 6-6: Questions for the focus group validation phase

Question no | Question

1 What is good / helpful? (General statement)

2 Where is the greatest added value for Estates and Facilities Management?
(Why?)

3 Are all relevant processes mapped? (Which are missing?)

4 Are all process owners sufficiently identified and represented?

5 Is there a need for adjustments / additions? (If so, please give a reason)

6 Will the framework be considered by you or colleagues as soon as it has been

published? (e.g. awareness improvement in process thinking, training, risk man-

agement)
7 Do you know about similar works that have been published scientifically?
8 Side question: Would it be worth considering setting up an organized, independent

networking platform in the UK for the exchange of knowledge for Water Safety
Group Members? (The different members of the target group could be reached

more quickly and directly by this)

Participants are selected according to specific criteria and invited prior to the focus group session. In
total there are the researcher, who is also the moderator, and 5 experts. The criteria are that the
expert panel should consist of professionals from UK Hospital Trusts in the position of Head/Director
of Estates and Facilities, who havenot been

stage and who are experts in the field of water safety management, e.g. independent consultants.
Participating experts are listed in (Table Appendix A-20). The correspondence for invitation and the

presentation slides are presented in Figure Appendix D-1 and Figure Appendix D-2.

During the focus group each participant is requested to answer eight questions, being given the
chance for general and specific comments on the framework (Figure Appendix D-3). The answers
are recorded with an audio recording device, transcribed and then analysed qualitatively. Audio tap-

ing will be done after receiving informed consent. A critical reflection will be presented in chapter 9.1.
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The characteristics of the focus group interview board of experts, meeting at a virtual online session
on Friday, 11 October 2019, is summarised in Table Appendix A-20. Each person gave actively

his/her consent for audio taping and analysing the focus group session.

6.10 Data analysis

Data collection ist just one side of the coin. Data analysis and how data is visualised are techniques
that require deep understanding of the data and the continuous alignment to the research objectives.

Analyses must not drift or direct into misinterpretation.

6.10.1 Theory

In general, data analysis always comprises the three steps 6 d at a ¢ o n ddata displaydaadn 6 , e
@onclusion drawing/verification§ according to Miles et al. (2014 p.12). fData condensation refers to

the process of selecting, focusing, simplifying, abstracting, and/or transforming the data that appear

in the full corpus (body) of written-up field notes, interview transcripts, documents and other empirical
materialso(Miles et al., 2014 p.12). The step of data display puts data in the right format for analysis.
Conclusion drawing is the interpretation of data, weighted in its output, which will be verified in a final

step. Throughout the entire research project analysis is an ongoing process. The above-mentioned

steps of data analysis are done concurrent to the data collection during planning, conduct and follow-

up, which is in line with Miles et al. (2014 pp.12-13).

In order to give data a logic structure for analysis they first need to be structured. According to Tustin
(2010a p.522), data description is usually the first step in the data analysis process to allow the
researcher to conduct an initial examination of the data. The step of structuring data begins with the
type of data whether it is quantitative or qualitative in its nature. In this research qualitative as well
as quantitative data is seen to deliver information for the research output and to answer the research

question. The theory behind it will be presented more in detail in the next paragraph.

6.10.1.1 Quantitative data

Saunders et al. (2016 p.496) saysi Quant i tative data in a raw form,
been processed and analysed, convey very little meaning to most people. These data, therefore,
need to be processed to make them useful, that is, to turn them into information. Quantitative analysis
techniques such as tables, graphs and statistics allow us to do this, helping us to explore, present,
describe and examine relationships and trends within our d a t. Babbie et al. (2007 p.405) defines
guantitative data analysis as the fié numerical r
the purpose of describing and explaining the phenomenat hat t hose observations
to Kruger et al. (2007 p.218), quantitative data analysis per se does not provide answers to the
research and questions - analysed data only become significant when interpreted. However, prior to
interpretation and constructing meaning, raw data must first be analysed. The initial analysis of the
data entailed a descriptive analysis to obtain the frequencies and percentages of individual items,

which is an example of univariate analysis since only one variable is measured (Tustin, 2010c p.646).
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6.10.1.2 Qualitative data

Based on Christensen et al. (2014 p.394) qualtitative data analysis can be distinguished between
descriptive statistics and inferential statistics. According to Christensen et al. (2014 p.394)fil n de -
scriptive statistics, the goal is fiQuaésctraithbheeod
ysis is the interpretation and classification of linguistic (or visual) material with the following aims: to

make statements about implicit and explicit dimensions and structure s o f m €Fhch, i2014 O
p.370). Forthat,qual i t ati ve data analysis involves Iliféingr edu
from trivia, identifying significant patterns and constructing a framework for communicating the es-
sence of what (Db ¥os @07 a333). Quatitativeddata analysis is also concerned

with integrating order, structure and meaning to the collected data. The researcher has to search for
statements in the data that relate to predetermined categories to contribute towards generating the-

ory (De Vos, 2007 p.333). Similarly, according to Daymon and Holloway (2011 p.323), qualitative
analysis is the process of searching for categories and patterns in the data collected by means of

coding, which enables the researcher to relate the findings to concepts and themes identified in the

literature. Explicity theysayié t o generate theory,asrerawgreandelad i are

Myers (2013 pp.166-174) explains that qualitative data analysis can be differentiated into coding,
memaos, analytic induction, series of events, critical incidents, hermeneutics, semiotics, content anal-
ysis, conversation analysis, discourse analysis, narrative analysis and metaphorical analysis. How-
ever, this list is not intended to be exhaustive (Myers, 2013). Fromther e s e a r petspectidesthe
moment that decides on a successful or unsuccessful data interpretation is seen in a suitable coding
strategy, suitable coding matrices and the ability of the researcher to bring together the different data
sources and content analyses of the individual research phases. For that, the analysis instrument

6 ma t rof spetificiingerest.

6.10.1.3 Matrix (see also (Cassell and Syman, 2004)

Hussy et al. (2010 p.267) mention that methods to analyse visual material, are not well developed.

One way to meet this challenge is to analyse qualitative data with matrices. This method is used to

analyse qualitative data from different data collection methods, such as documents, interviews, focus

groups (Nadin and Cassell, 2011). Based on Miles et al. (2014 p.1099 A A matri x i s ess
fiintersectiond of two |ists, s et appearsagsite singple,outa n d
finding a matrix type fitting the data analysis appropriate to the research question, is not easy. There

are different types of matrices described by Miles and Huberman (1985), Miles et al. (2014). But
according to Miles and Huberman (1985 p.211)A Ther e are no fixed canons f
Matrix construction is rather a creative yet systematic task that furthers your understanding of the
substance and meaning of your data-base, even before you begin entering information. Thus, the

issue is not whether one is building a correct matrix, but whether it is a functional one that will give

you reasonable answers to the questions you are asking - or suggest promising new ways to lay out
thedatatogetanswer s. 0 I n the foll owi nthathpavabeangonsideredsfar t h e

this research are described briefly.
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1 Matrix type: Data accounting log

This type is helpful for getting an overview about the different types of material collected (Miles et al.,
2014 p.122). It informs about which data has been collected, what size it is and what can be found
and identified for data analysis. The data accounting log is of the highest value to keep the data
manageable when working with multiple cases over a long period of time with lots of different types
of data. The data accounting log was used in a very detailed way for document analysis, which is
described in 6.10.2.2.

1 Matrix type: variable-by-variable Matrix

According to Miles et al. (2014 p.233) i A v a+hyi-variadleematrix has two main variables in its

rows and columns. o This type of matri x Thistypeofef ul

matrix was applied for the stakeholder analysis, in a modified way of pairwise-comparison.

1 Matrix type: checklist Matrix

Based on Miles etal. (2014 p.142) A A checkl i st matrix is a format f

variable or general domain of interest. The basic principle is that the matrix includes several compo-

nents of a single, coherentvari abl e, though it does not necessari.|

of matrix was used for several analyses. According to Miles et al. (2014) it can be used for the pur-
pose of comparison when working with multiple cases. This type of matrix was applied, for example
in the survey analysis of processes in hospitals being absent or present. All identified processes from
research phase la and Ib were checked for the presence or absence in each hospital/Trust. Another
example ist the analysis of survey data referring to survey question 22. Each participant was asked
to indicate the presence or absence of a certain stakeholder for being present in the hospital/Trust

and about their individual collaboration.
I Matrix type: case ordered descriptive meta-matrix

According to Miles et al. (2014 p.214) A A c-adered descriptive meta-matrix hierarchically organ-
izes cases according to selected criteria tm
this research this type of matrix is applied and seen as a further developed variable-by-variable ma-

trix indicating ranks and thus giving a hierarchic order to process items.

6.10.1.4 Document analysis

«Documents are an important source of data on key event chronologies» and «Documents empha-
si ze t heuthantltend toiglass dver tonflict and complexity. Interviews are artificial interac-
tions that can be influenced by lapses of memory, impression management, the moods of the partic-
ipants, and the quality of the rapport between interviewer and interviewee. However, they can be
multiplied easily, providing different perspectives on temporally embedded phenomena. In practice,
most process research involves combinations of sources to access different dimensions and to en-
sure the limitations of one source are compensated by the strengths of others» (Buchanan, 2009
p.411).
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6.10.2 Applied in research design

In the research project, qualitative data was analysed with descriptive statistics and tables, as de-
scribed in more detail in the following sections. The data analysis method used in this study was a
method identified by De Vos (2007 p.334) which is an integration of analytical spiral (Creswell, 1998
pp.142-165), which implies that the researcher moves in analytic circles instead of applying a preset
linear approach when analysing qualitative data, and data analysis process (Marshall and Rossman,
1999 pp.152-159). Although this analysis process will be presented linearly, these steps can also
move in circles, which emphasises the rationale for the integration of a circular and linear process
(De Vos, 2007 p.334).

Since the realised sample for the web-based survey was too small, it was deemed more appropriate
to use a nonparametric procedure for statistical analysis. A modified inferential analysis, which is an
example of bivariate analysis that focuses on the analysis of two variables (Tustin, 2010c p.646),

was further applied to determine whether differences of importance existed between items.

The analysis process utilises different types of analysis instruments of qualitative and quantitative

data analysis for:

- process identification and analysis
- stakeholder identification and analysis

- process owner identification and analysis
To mention some of the analysis instruments, the following are highlighted:

- tables
- matrices, e.g. paired comparison of identified processes giving the rank of a process seen
from the stakeholder groupsé per specti ve

- frequency analyses

6.10.2.1 Semi-structured interviews

The following steps, which should only be considered as guidelines, represent the data analysis
steps for this study (De Vos, 2007 pp.334-339): planning for recording the data; data collection and
preliminary analyses; managing or organising the data; reading and writing memos; generating cat-
egories, themes and patterns; coding the data; testing emergent understandings; searching for al-
ternative explanations; and presenting the data. Each of these steps is discussed in Table Appendix
A-21 with specific reference to how it was applied to the one-to-one interview data in this study (De
Vos, 2007 pp.336-338, Marshall and Rossman, 1999 pp.153-155, Creswell, 1998 pp.143-144).

6.10.2.1.1 Specific analysis of phases la and Ib

Analysis for the interview studies of phases la and Ib was aided by the analytical software NVivo.
For the purpose of analyses made during this study, NVivo 11 for Windows, Version 11.4.1.1064 in
the edition: Pro, QSR International was used. The program was applied to help to manage, explore
and find patterns in the data. The process of exploring included the following steps: Import collected

data (Interviews, documents for desk research); explore; code; query; reflect; visualise the insights.
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There are different ways of how to organise, analyse and vidualise data with NVivo. Considered were
a) making mind maps to brainstorm initial ideas, searching starting points and develop assumptions;
b) making concept maps to show the relationships or patterns that are expected to be found in the
data based on prior experience or preliminary reading, ¢) survey results and other datasets. A dataset
contains structured data arranged in records (rows) and fields (columns). In this research the da-
tasets contain either the responses to interviews or to the survey. The dataset source in NVivo was
created by importing data from a spreadsheet or text file. Audio files from the audio taped interviews
were transcribed in MS Word, then imported, considering necessary editorial requirements. Audio
files were transcribed without timestamps. The process of creating the time consuming and labour
intensive transcripts was aided by applying the
1) selecting audio sources to be transcribed, 2) get pricing/place an order, 3) audio files are uploaded

to TranscribeMe, 4) downloading completed transcripts for further processing by the researcher.
In NVivo there are certain software-specific key terms defined. They are

1 Sources: Sources are research materials including documents, PDFs, datasets, audio,
video, pictures, memos and framework matrices.
Source classifications: Source classifications provide information about the sources.
Coding: Coding is the process of gathering material by topic, theme or case.
Nodes: Nodes are containers for coding that represent themes, topics or other concepts. It
enables gathering related material in one place so that emerging patterns and ideas can be
looked for.
i Cases: Cases are containers for coding. Each ca

1 Case classifications: Case classifications allow recording information about cases.

Analysed data was summarised in framework matrices. There were framework matrices applied for
the interviews to summarise the data in a grid format. The grid has rows for case nodes (the interview
partners of the different organisations) and columns for the theme nodes (summaries in the cells
where the case and the theme intersect). The reason to decide to work with condensed source ma-
terials in the framework matrix is that it makes it easier to see everything about a theme by looking
down a column. Furthermore, the reader gets to see how different themes relate to each other for a
particular individual (organisation) across a row. Even comparing becomes possible in terms of ex-

cerpts of the experiences of different individuals by comparing one row to another.

Prior to starting to work with framework matrices it was necessary to import source materials, code

source content to case nodes and set up thematic code hierarchies Figure Appendix A-8.

Text analysis was made in different ways. It started with a text search query. A word or a certain
phrase was searched for in the source material, then displayed in a word tree to visualise words in
context. This was followed by word frequency queries, listing the most frequently occurring words in
the sources. The visualisation of the results of the latter was done by either word cloud, chart, tree

map diagram or cluster analysis diagrams.

Results of phases la and Ib were recognised and integrated for determining questions of the online

survey.
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6.10.2.1.2 Content analysis procedures for the interview study phase la
Content analysis procedures comprise three consecutive steps:

- Step 1: Definition of categories (Table 6-7)
- Step 2: Searching items/words by question words per category (Table 6-7)
- Step 3: Word frequency query

Table 6-7 lists the question categories and those words included for queries during analysis that
were found delivering answers. According to a self-developed scheme, ordering and analysing data

of phase la with NVivo was realised (Figure Appendix A-8).

Table 6-7: Questing categories for identifying elements of Legionella prevention in healthcare facilities (phase
la)

Category Included Words included for queries (also stemmed words)

words ask for

Actors WHO? Responsibility, Role, Stakeholder, Water Safety Group

Drivers THROUGH? Authority (Legislation, Legal), Guidance (Recommendation),
Standard

Professional WHAT? Estates, Facilities/Facility Management, Health care (Health

field authorities, NHS, Trust, Health & Safety), Legionella (Le-

gionella management, Legionella prevention, Legionella risk
management), Water Management (Water Safety, Water

Safety Team, Water Safety Group, Water Systems)

Organi s ¢ HOW? Prevention (Monitoring, Sampling, Audit, Control), Process
instruments (Documentation, Matrix, Accountability), Strategy (Risk, Struc-
ture, Duty)
Clinical instru- | HOW? Hygiene commission, hospital hygiene, infection prevention
ments
Layer 1 Layer 2
(see Figure Appendix A-8) (see Figure Appendix A-8)
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6.10.2.1.3 Analysis procedures interviews phase Ib

The transcription of semi-structured interviews (Blumberg et al., 2011 p.246) is followed by the-
matic analysis of the interviews (Saunders et al., 2016 pp.597-599) applying thematic coding. From
the transcribed interviews first categories for analysis are being developed. Transcription was also
followed by template analysis of the interviews (Saunders et al., 2016 pp.597-599) applying the-
matic coding. The concept for analysis, according to the suggested steps by Saldafa (2016) are:

1 Find patterns in the interviews

1 Define coding structures according to find answers to the research questions

1 Build categories

1 Analyse interviews A collect important statements

1 Cycles of content analysis and abstraction. Reduction to the core elements

1 Summarise in a table

This was followed by content analysis and quantifying qualitative data (Saunders et al., 2016
p.608). There were two outputs:

- Output (a): An entity of process steps and process owners, based on the results of the
cases being involved. The process owners comprise responsibilities by roles cooperating
with or affiliated to estates and facilities management, their job within the organisation is
assigned to either non-clinical or clinical content of work.

- Output (b): Suggestions for a process-logic/process-chain (=ordering/structuring the pro-
cess steps in a logic manner). Reflection of what the hospital cases have in common in
their organisational structure (patterns). Summary outputs e.g. by Linear responsibility

chart/Responsibility Assignment matrix/Accountability chart/Governance arrangements.

In one major run the interviews from phase Ib are analysed, independently of each other, with regard
to two different perspectives. One is based on an intrinsic point of view, the other on an extrinsic

point of view.
I Extrinsic perspective

The extrinsic point of view is based on an analysis method from the management sciences. The
analysis is carried out according to the categories 'Political', 'Economic’, 'Social’, 'Technological', 'Le-
gal', 'Environmental' (Table 6-8). It is called PESTLE analysis according to its initial letters. This

analysis is intended to shed light on the extrinsic view of the process and the stakeholders.

The PESTLE analysis (also known as STEP) is a model of external environmental analysis. It comes
from macroeconomics. The analysis lists the factors of the individual categories that can have an
influence on the investigated unit. The analysis method is used by companies when it comes to a
market and to investigate the market opportunities (Fahey and Narayanan, 1986, Keller and Kotler,
2006 p.85ff., Lynch, 2006 p.84ff., Sander, 2004 p.303ff.). The analysis is performed by companies
that want to expand into a new market, such as a new country. PESTLE can be a good aid in as-
sessing the risks and opportunities involved. The results can therefore be used for the external anal-

ysis of a SWOT analysis.

In this research context, the categories of the PESTLE analysis are applied to the process of water

safety management and Legionella prevention.
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A unit to be investigated is always a case, i.e. a hospital or a trust. Here, too, the chance of a poten-
tially implemented "process of Legionella prevention” can be critically questioned in order to examine
necessities and opportunities and to systematically present an overall picture of the process from the
present state of the art with the involvement of various organisations. The focus in the PESTLE
analysis lies in process, water safety management and Legionella prevention from an extrinsic point

of view.

Table 6-8: Categories structuring the analysis of interviews phase Ib (PESTLE-analysis)

Category Quests for Code

Political circumstances for organisational state PP

Economic any types of financial aspects to be considered PEc

Social organogram, responsibility, stakeholders and relationships of stake- | PS
holders

Technological Technological requirements and demands for preventative or reac- PT
tive actions

Legal Legislation, technical guidance, recommendations, policies, compli- PL
ance

Environmental | structures in the built environment having an influence on processes | PEn

1 Intrinsic perspective

From the intrinsic perspective, relevant categories are formed for the analysis, which concern the
personal responsibilities of the stakeholders in the management of their processes within the individ-
ual cases (hospitals). They include the categories 'Control', 'Transparency’, 'Accountability’, 'Aware-
ness', 'Prevention’, 'Management' (Table 6-9). This analysis procedure is hence termed CTAAPM,

according to the initial letters of the six categories.

The focus in the CTAAPM analysis lies in stakeholders, and managing processes in water safety

management and Legionella prevention from an intrinsic point of view.

Table 6-9: Categories structuring the analysis of interviews phase Ib (CTAAPM-analysis)

Category Quests for Code
Control measurement of compliance CcC
Transparency processes, policies and procedures visible to all people involved CT
Accountability individuals taking responsibility for their actions CAc
Awareness status and quality knowledge, continous training, and education CAw
Prevention orientation of main task with focus on prevention, detection, risk man- | CP
agement
Management management practices in place CM

In both analysis methods, individual, similar elements can occur (items). However, it is important to

question and interpret them in the context of the analysis purpose.
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Where possible, references to current legislation, technical rules and existing documentation re-
ceived during research are made to underpin topicality and strengthen the practice-oriented ap-

proach.

6.10.2.1.4 Procedures of PESTLE and CATTPM analyses

9 First run of analysis: Scanning for items in the transcribed interviews that can be referred
to PESTLE and CTAAPM categories respectively.

1 Second run: Selected excerpts after second run of analysis: The information content is
narrowed down to a core content level.

1 Condensed excerpts according to third run of analysis: Abstraction and assigning core

content level to a meta-level building themes.

6.10.2.2 Document analysis of phase Ib

Document analysis enables the recognition of the process thinking of the cases being involved. It
lays the foundation of collecting, identifying, distinguishing and reflection of the process elements.
Document analysis has been applied for the case that secondary data in types of documents was
provided after requesting for additional documents during the interviews. Documents that have been
requested and been considered for research are, for example, organograms to get informed about
hierarchy structures, positions and functions and departments. Content analysis of documents took
a closer focus on word count, significant headings, paragraphs or structuring elements such as cap-

tions in documents. Based on the following strategy, differentiating detailed analyses were applied.

i Step 1: Word count on key words Water Safety, Strategy, Process, Role, Responsibility,
Duty, Accountability, Risk, Guidance.

1 Step 2: Identification of topics linked with the key words: documents were reviewed and the
proximity of text phrases in the documents.
Step 3: Collection of all headings / paragraphs containing the key words.
Step 4: Analyses following two main strategies:
- Analysis strategy 1 = representing higher organisational level = Management perspec-

tive 6strategicéb

- Analysis strategy 2 = representing lower organisational level = Management perspective

6operational 6
Analysis results:

1 Aggregation of content analysis, e.g. Strategies mentioned in Policy / WSP
A Output: Matrix of/for process owners
A Output: Collection of process steps (Focus: Water Safety Group, Estates and Facilities
Management)

1 Preparations for aggregated analyses, e.g. combined consideration of role, responsibility,

duty, accountability
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6.10.2.3 Web-based survey analysis of phase Il

The resulting survey is a web-based survey. For the time of the open interval (Table 6-10) was ac-

cessible online by the URL at https://limu.onlinesurveys.ac.uk/water-safety-management-survey.

Table 6-10: Interval of duration of open survey

open date closing date
Interval of survey 21 Nov 2018 | 12 Feb 2019

The survey was open from 215t November 2018 to 12" February 2019. Admittedly several months is
a long period. The fact that the survey took about 25 minutes for completion, combined with the
circumstance that the people invited, with their specialist knowledge and their demanding managerial
postitions made it necessary to provide a long time interval. It also became necessary to actively
promote the survey to increase the response rate. A total of 169 people of the targeted group
(member of a water safety group) have entered the opening page of the web based survey. 17

respondents completed the survey, causing a response rate of 10%.

This survey is not a quantitative study. It is a type of focused survey, which is different to a snapshot-
survey (which normally looks for a high N). No trends, statistics, correlations. It is intended for a
rather a very specific target population. The questions are constructed for verifying interview-findings
and go beyond, on a more specific detailed level. Analyses are to prioritise processes, verify or
decline their importance. The only purpose of this survey study (phase Il) is to get further insights
and qualified responses specifically from members of water safety groups. Thus the survey is rather
a complementary phase to a) strenghten the results from the previous research phases results, and
to b) structure, include or omit data for generating the framework output and to answer the

subquestions and the research question.

6.10.2.4 Process analysis

Qualitative and quantitative data analyses are applied for the identification of the process steps and
the process owners. Data and method triangulation will help selecting and condensing relevant in-
formation. Where appropriate, the following analysis methods are included: Descriptive Analysis (e.g.
2009 Mouchtouri (Cooling Towers)); Thematic Analysis, Template Analysis (Saunders, 2016), Matrix
analysis, Stakeholder analysis (including matrix opposite), PESLTE and CTAAPM analysis.

For the definition of the importance of the processes and process steps, which were identified through
the survey study, the analysis in preparation for the final framework output will be different to that of
the survey analysis procedure. In this final step of analysis before the framework can be compiled,
the data is much more in focus for prioritising and identifying a process hierarchy, according to the
evaluation of all data collected and findings/resumes taken yet.

One principal analysis will be a pairwise comparison with corresponding scoring methodology. It will
be the core element for achieving a process hierarchy. Pairwise comparison looks at each identified
process step and compares it individually to each of the others by allocating a comparative score.
The analysis procedure is inspired by Eiras et al. (2014 p.116), who applied inter-correlations in a
test-statistic context, and by Etrust (2010). In this research context, pairwise comparison is allied to

calculate a hierarchic order by ranks of certain process elements.
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The exemplified scoring scheme of Table 6-11 will be applied for the pairwise comparison, as a clear
set of criteria for determining rank importance:
1 Iftwo compared process stepsareequal |y i mportant they both s
1 If oneis slightly more important than another it scores 2 and the other scores 0.50
1 If oneis clearly more important than another it scores 3 and the other scores 0.33
1

If one is significantly more important it scores 4 and the other scores 0.25

Table 6-11 Scheme for paired comparison of identified processes

Process | ID1 |ID2 |ID3 |ID4 |ID5 Total | Rank

ID hierarchy
ID1 1 2 3 4

ID 2 1

ID3 0.5

ID 4 0.33

ID5 0.25

6.10.2.5 Stakeholder analysis

A stakeholder analysis can be used in many circumstances such as a procurement exercise, devel-
opment of a specific project, or, as in this case, process and process owner (stakeholder) identifica-
tion and characterisation. The involvement of the right people not only ensures that they are engaged
with the process, it also maximises the potential for the widest range of issues and options to be
considered as part of an interdisciplinary endeavour in any collaborative approach, as is the case
with water safety management. Stakeholders can be grouped into areas of importance by consider-

ing 6powerd to influence the process and O6interes

A stakeholder matrix for estates and facilities management summarises the outcome, indicating each
groupmemberd s | evel of involvememtn,f |tulkeeicre dphewerd ctes s
estedd they are | i kel Wthisesedrah, stakeholdee analyisis ig appliedvoo | v e d
analysing a) stak e h o | idterestinshe outcome and b) their power to influence the process. Figure

6-8 shows the grouping categories that have been defined.
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Stakeholder analysis
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Figure 6-8: Scheme of a stakeholder matrix indicating 'power' and 'interest'

Additional to the analysis there are elements identified and coordinates given in brackets to identify
certain elements in the stakeholder matrix. They are used to identify and to assign elements to three
di f f er e naw, 'lggh'panddcheclorole’. The following is an explanationoft he gr oups 61 o
and 6 c h evithkeference te Bigure 6-8: The grouping intends to show where there are types of
relations of different quality levels such as "engaged closely" (group 'high") and rather "monitored"
(group 'low"). The 'check role' group represents a category where, based on the intervieweeso6as-
sessment, there is either strong interest and low power (3;1) or low interest and strong power (1;3).

This group is classified with ‘check role' and can be interpreted as critical. It is worth further analysis.

6.10.2.6 Focus group analysis

The focus group was analysed in a similar way as already described for the interviews. Transcripts
of the feedbacks have been condensed and excerpts of the core messages listed in tables for each
question. The steps are described in Table Appendix A-22. The aim of the analysis is the validation
of the first compilation of the framework output. This is in line with Tate etal. (2017 p.477)A As s e s s i n

validity through stakehol der feedbacko

6.11 Reliability, valitidy, trustworthiness

Although various theorists (Lincoln and Guba, 1985),(Janesick, 2002),(Morse et al., 2002),(De Vos,
2007) address the inappropriate usage of validity and reliability in qualitative research, the principles
of qualitative research were found an appropriate approach to the research question in this research.
This paragraph explains which elements lead to reliability, validity and trustworthiness in the research

project.
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6.11.1 Reliability

Reliability refers to replicability (Janesick, 2002 p.394), which 1is fAa mpattitcuer of
techni que, applied repeatedly to the s(Rabléeetoab | ect
2007 p.143). According to Delport (2007 p.163), reliability is not concerned with what is being meas-

ured, but how well a phenomenon is being measured. According to Bryman and Bell (2015 p.49)

fi R e | ity & lednderned with the question of whether t he resul ts of a stud)y
Wilson (2010 p.116)ar gues t hat al though reliability is an
sufficient unless combined with validity. In other words, for a test to be reliable, it also needs to be

v a | Witbon2010 p.116).

6.11.2 Validity

Aivalidity is concerned with the integrity of the
(BrymanandBell,2015p.50)0 . Or i n ot her Rwmokfudhsand Nachmias {1992 m1b8) b y

as cited in Wilson (2010 p.119), ils one measuring what one intend

Validity needs to be assured internal and external. Internal validity Wilson (2010) distinguishes be-
tween content and construct. The content part of the internal validity relates to the measurement
tools measuring the right things as well as the right sampling with respect to the aim of the study
(Wilson, 2010). The construct part is about using the right tools (Wilson, 2010). A possible way to do
so is data triangulation. The different types of triangulation are described in chapter 6.12.1. External
validity is focusing on the degree that results of a study can be generalised, and therefore be ob-

served within other cases (Wilson, 2010).

Validity refers to the extent to which an empirical construct correctly reflects the element it is sup-
posed to measure (Delport, 2007 p.160). Various methods of validity can be identified (Babbie et al.,
2007 pp.146-147, Delport, 2007 pp.160-161, Daymon and Holloway, 2011 p.92), namely face valid-
ity, content validity, criterion validity and construct validity. Face validity focuses on the face value of
a measurement procedure, that is, whether the measurement technigue looks as if it measures the
intended variable. The guestionnaire for this study was evaluated by a panel of experts to ensure a

high degree of face validity.

Content validity refers to the representativeness or sampling adequacy of an instrument, that is, the
extent to which a measure includes the various meanings embedded in a particular concept. Input
from the members of the panel, who are experts in the field of water safety management, risk as-

sessment and Legionella prevention ensured the content validity of the questionnaire.

Criterion validity implies that there should be independent criteria to which the scores of an instru-
ment can be compared. Construct validity involves determining the extent to which an instrument
effectively measures a theoretically defined construct, and it focuses on the relationships between
variables. This was achieved in this study through item analysis, which is a measure to identify un-
suitable items in a construct (Maree, 2012 p.218). Such analyses are vital to identify problematic
questions in the questionnaire that should be rectified to ensure accurate replication of the study in

future.
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As mentioned above, a distinction should also be made between external and internal validity. Ac-
cording to Kohn (1997 p.9) and Mabry (2008 p.222), external validity in quantitative research refers
to the ability to generalise findings to a larger population, while internal validity focuses on whether
the methods that are used to generate findings can be trusted (Delport and Fouché, 2007 p.353).
Although the findings of this study could not be generalised since non-probability sampling methods
were employed, it still provided insight into the present processes, designs and perfoming of water
safety management, Legionella prevention and risk management processes in hospitals. As men-
tioned earlier, pilot tests, which increase the reliability of a study (Delport, 2007 p.163), were con-
ducted with professionals in their business and research field in the hospital setting. This for example

to ensure that each question in the survey was correctly interpreted.

6.11.3 Trustworthiness

Reliability and validity are two essential criteria to achieve trustworthiness. To gain trustworthiness

is a kind of verification strategy. Morse et al. (2002) developed verification strategies to establish
reliability and validity in qualitative research.
firming,maki ng sur e, a n(dorsb et al.n2§02 p.8).rTheaeiverification strategies aimed

at achieving trustworthiness, as proposed by Morse et al. (2002 pp.11-12), are summarised in Table

6-12.

Table 6-12: Verification strategies to achieve trustworthiness

Strategy Description

Methodologi- This strategy focuses on ensuring similarity between the research question and
cal coherence | elements of the method. The interdependent nature of qualitative research re-
quires that the selected research method should correspond with the data and

the data analysis method.

Appropriate The participants in the research must have knowledge of the research topic or
sample should be those individuals who best represent the topic under investigation.

Collecting and | There should be mutual interaction between existing knowledge and what the
analysing data | researcher aspires to know.

concurrently

Thinking theo- | Ideas that emerge from the data are reconfirmed by new data, which stimulates

retically new ideas which should also be verified by existing data.

Theory devel- | This represents the movement between data and theoretical understanding.
opment Theory should be developed as an outcome of the research process and as a

template for comparison that should stimulate further theory development.
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To further emphasise the usage of trustworthiness as an alternative measure for conventional relia-
bility and validity, Janesick (2002 p.393) specifically states that validity, reliability and generalising to
a population should be replaced with qualitative references, which can be achieved by focusing on
trustworthiness (known as rigour in quantitative research) and is established through the elements
of credibility, transferability, dependability and confirmability (Lincoln and Guba, 1985, Morse et al.,
2002 p.5, Riege, 2003 p.83). According to De Vos (2007 p.346), Lincoln and Guba (1985) matched
these elements of trustworthiness to the conventional quantitative constructs of internal validity, ex-
ternal validity, reliability and objectivity and emphasised how inappropriate these constructs are for
qualitative enquiry. Therefore, for the purpose of this study, credibility, transferability, dependability
and confirmability would be utilised as alternative measures for these quantitative constructs to de-
termine the trustworthiness of the data obtained from the qualitative data. These elements are de-
fined below with an explanation on how each element would be achieved for the purpose of this

study.
1  Credibility

Credibility is equivalent to internal validity in quantitative research (Delport and Fouché, 2007 p.353),
and focuses on whether the method of inquiry ensured an accurate identification and description of
the subject. A detailed description showcasing the involvement of the variables and interaction will
be entrenched in the data derived from the research setting (De Vos, 2007 p.346). In the current
study, the principles of Water safety and Legionella risk management were based on an extensive
literature review, data collection, data analysis and triangulation as a combined research approach.
The sequential design ensured that the one-to-one interviews guided categories and questions of
the web-based survey. It should be noted that this study was credible within the boundaries of the

research setting, population and theoretical framework, as proposed by De Vos (2007 p.346).
1  Transferability

This represents the alternative for external validity or generalisability (Lincoln and Guba, 1985 p.290).
As mentioned earlier, the findings in qualitative research cannot be generalised to the population. An
alternative, as proposed by Yin (1994 p.1) and De Vos (2007 p.346), is to generalise to theory which
should also result in the development of a theory (Daymon and Holloway, 2011 p.323), or here, a
framework, which was accepted for the purpose of this study. Furthermore, transferability is achieved
when the whole data collection and analysis process is guided by the categories and subcategories
obtained from the literature - this clearly illustrates the theoretical parameters of the study (De Vos,
2007 p.346). Additionally, triangulation helps achieving transferability in this study, because it in-
creased the study6s (De¥ok 2007 [.346), adt dnlg in hospéalst i ng s

1 Dependability

This is the alternative for reliability, whereby
ditions in the phenomenon chosen for the study as well as changes in the design created by increas-
ingly refined under @©e¥os, 200" @346). fAccarding to Riege {2008 ppdB3-

84), the following two aspects can be implemented to ensure dependability.
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Firstly, a dependability audit during the research design phase can be conducted which entails ex-
amining and documenting the inquiry process. It is necessary to determine whether the inquiry pro-

cesses are applicable, understandable and well documented, and to implement measures to avoid

research bias. Secondly, measures should be appli

ical position and biases during the research design. For that, the following measures were applied in
this study:

- the results of the interview study la guided the categories for the interview study Ib and
questions in the interview guide;

- two pilot interviews were conducted to evaluate whether the questions were understandable
and correctly interpreted;

- the researcher also avoided the inclusion of any biased questions based on his theoretical
position during data collection.

1  Confirmability

This is the alternative to objectivity. Confirmability focuses on whether the data help to confirm the
general findings and indicate the implications (De Vos, 2007 p.346). According to Riege (2003 p.84),
it is necessary to conduct a confirmability audit during data collection and analysis - that is, the re-
searcher needs to retain the raw data (such as recordings) and the auditor should determine whether
the inferences based on the data are logical during data analysis and the quality of the findings needs
to be reviewed. In the current study, the one-to-one interviews were recorded and retained, and a
logical data analysis flow was ensured because it comprised circles of theory development, exami-
nation and identification. The data were analysed according to the sequential phases of developing
the framework. This enabled the researcher to more accurately determine whether the findings cor-

responded to the theoretical propositions of the study.

6.12 Triangulation

Data that has its origin in different phases and types of data can be considered in a combined way
to condense the data quality and thus the verified abstraction. For that, there are certain techniques
described in literature, which have been applied in this research. They are introduced in the following

sections.

6.12.1 Theory

Cooper and Schindler (2003 p.151), supported by Walt (2006 p.81), argue that exploratory studies
can combine qualitative and quantitative research. Although an exploratory study is usually qualita-
tive in the sense that it requires an in-depth investigation of certain phenomena (Van Wyk, 2010 p.84,
Singh, 2007 p.64) (Cooper and Schindler, 2003 p.151). According to De Vos (2007 p.361), the con-

cept of triangulation, a term originally developed by Denzin (1978), fé is based on

that any bias inherent in a particular data source, investigator and method would be neutralized when

used in conjunction with other data sources,
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Triangulation offers the following advantages (De Vos, 2007 p.362): The researcher is more confi-
dent about the results; opposing results may be uncovered through the utilisation of different re-
search designs, which may help to enrich the explanation of the research problem; it may result in
the integration of diverse theories to address a common problem; and triangulation can also fulfil the
function of testing competing theories. In mixed methods research approaches triangulation is often
applied (Sekaran and Bougie, 2016 p.106). According to Rothbauer 2008 as cited in Walle (2015
p.145). A Tri angul ati on, s i mp | yof gxamining ar peeh@meron in moretthare p r ¢
one way in order to provide a more robust analysis.0 Denzin (1970 p.301) distinguishes between
four different types of triangulation. De Vos (2007 p.362), (Mabry, 2008 p.222) and Daymon and

Holloway (2011 p.92) identify various methods of triangulation which include the following:

1 Data triangulation, which refers to the utilisation of various data sources, such as interviews
and observationaldata. A si gni fi cant el ement of data tria
gathered in order to demonstrate that the findings do not merely reflect specific circum-
st an (Wale2015 p.147);

1 investigator triangulation, which refers to the involvement of more than one expert or ob-
server in the research to establish inter-subjective conformity. Investigator triangulation
builds on the approach that fdifferent researchers can counter the challenge that the inves-
tigator infl uence(Wale PO&5pdd/ser ved dat ao

1 theory triangulation, which refers to the employment of multiple theories to interpret a data
set; For theory triangulation it is characteristic to finterpret the data using a variety of theo-
r i €Wabe, 2015 p.147);

1 and methodological triangulation, which refers to the use of more than one method to study
a specific phenomenon by combining qualitative and quantitative research and triangulation
by time, focusing on repeat visits to the site to track patterns of events. Methodological tri-
angulation is characterised by fiidf f er ent dat a gat her(Walleg 2085c h e me
p.147), such as interviews or survey. These four types are just basic characteristics of types

of triangulation.

Of these, predominantly theory and method triangulation were considered in this research project.

The research project follows a sequential order with a multiphase triangulation approach (Youngs

and Piggot-Irvine, 2012). According to Denzin (1970 p.310)AiMul t i pl e tri angul ati
searchers combine in one investigation multiple observers, theoretical perspectives, sources of data,

and met h o dinahgulgtipndssoften referred to when data, that are compared and contrasted,

are generated through different methods. Though
sizefitssal | 0 definition. Tri angunaadtei 0o nt on eAshig/olff BAdO)reers t
The research design and contrasting data collecting methods of this study provided the researcher

with the possibility to analyse data through three types of triangulation: time triangulation, combined

levels of triangulation, and methodological triangulation (Cohen et al., 2007). For the purpose of this

study, methodological triangulation was constantly applied during the whole data collection to spe-
cifically fAmaxi mise the strengt merethandneltagp po wercheEm
(Van Wyk, 2010 p.91).
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The quantitative parts of the interviews and the survey would allow us to measure the present situa-
tion of water safety management in various UK hospitals, while the qualitative parts would enable us
to address the findings and explore in detail the process of Legionella risk management, mapping

process characteristic and stakeholders.

6.12.2 Applied in research design

As this research follows a pragmatic approach, it opens up the opportunity for a choice of techniques
(Onwuegbuzie and Leech, 2005). Such choice, as Bryman (2008b) suggests, involves critical deci-

sions to be made about:

A The weighting to be given to quantitative and qualitative data (prioritising)
A The sequence of data collection and analysis (implementation)

A The stages at which the quantitative and qualitative data are integrated (integration)

One aim was to integrate and place priority on both qualitative and quantitative data. A large-scale
guestionnaire was used to triangulate all the former data and evidence that was gained by that time.
Data collection and analysis was attempted to be realised under the category ofacomb i ned

vergenceo and i(@nedwelliarid@lane Clark, 2007} whiere both qualitative and quan-
titative data were collected concurrently and compared, contrasted and integrated at almost all
stages. The aspect of simultaneous data collection was tried but was not possible for al levels, as

accessibility for data collection has been one of the strongest challenges. The struggling moments

=t

(O

during dat a c odiructearectoneson-omé dsteeni vi ews o, 6document

dat adéb-badwebsur veyo6 aarddestribeddnckapters 6018,69.8, 6.9.5 and 6.9.6

respectively. Instead of a simultaneuous data collection, arathermore/s equent i al 0 desi

resulted with quantitative (QUAL) preceding qualitative (QUAN) data collection and vice versa (see

later this chapter Figure 6-10 and Figure 6-11).

g

The overall intent of thisr esear ch was t o gai n (@reswiefl and Tashakkani,n d e r

2008 p.115) of the process of water safety management, Legionella prevention and risk management

in hospitals, seen from a facilities management perspective in England.

As Figure 6-9 shows, this approach meant that the overall design, as well as being mixed methods

framed within a multilevel model (Creswell and Plano Clark, 2007), was also a larger study that

encompassed a multiple case study (Yin, 2009).6 L e v e | 16 comprises qualita

collection,anal ysi s and results ( @AN O & eo@pfibeLgBafitative ldaay e |

collection, analysis and results (QUAL). Equal priority was placed on quantitative and qualitative data
though a distinction was made between qualitative data at Level 2 and Level 3. Levels 1 and 2
correspond to the national sampling frame that incorporated all stakeholders. Level 2 at phases | and
Il correspond to a national sampling frame. Level 3 corresponds to the in-depth case studies of the
accessed hospitals and one separate case study in the national context of England. This multilevel
design enabled the researcher to compare and contrast the data from the national sampling frames

with data from regional case studies throughout the phases of the research period.

The multilevel model (Figure 6-9) is limited in terms of sufficiently displaying the multiple phases that

are integral to mixed methods research.
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But it provides a way of viewing each level inherent in the design. It does not reveal the dimension
of time through the research project. The research of the process of water safety management, Le-

gionella prevention and risk management in hospitals was established around four key phases:

A Phase | a: Interview study |
A Phase | b: Interview study II
A Phase II: Survey study
A

Phase llI: Focus group: Framework validation

NATIONAL
Level 1:
QUAN & QUAL
data collection, analysis, results

NATIONAL
Level 2:
QUAL Overall
data collection, analysis, results interpretation

REGIONAL CASE STUDIES
Level 3:
QUAL
data collection, analysis, results

Figure 6-9: Triangulation design: Multilevel model Source: Adapted from Creswell and Plano Clark (2007 p.64),
modified

The multiple phase approach is expected to contribute best for answering the research question and
sub questions listed in chapter 1.3. Itist he r e s eigantomte préviale both formative and
summative findings to professionals in the respective fields and to the research community. The
commitment to formative feedback meant ongoing comparison and contrasting of the data across
phases | and Il of the mixed methods design, leading to the enabling of possible multiphase conver-

gence (see Figure6-10). The convergence model is used when

res

or to validate, confirm, or corrobor atfCeeswgluaacht i t a

Plano Clark, 2007 p.65). For this research the convergence model was applied slightly differently at
each phase during the research. Each phase having a distinctive yet overlapping and integrated

purpose in the overall multilevel research design (see Figure 6-11).
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Multiphase convergence:
ongoing comparison and contrast

NATIONAL la
Level 1: Ib
QUAN & QUAL

data collection, analysis, results

NATIONAL
Level 2:
QUAL
data collection, analysis, results
Overall
REGIONAL CASE STUDIES interpretation

Level 3:

QUAL /:
data collection, analysis, results /
4

Figure 6-10: Multiphase triangulation design approach: Combining Creswell and Plano Clark's (2007)
convergence and multilevel models

The underlying multiphase triangulation design reveals how the multilevel and convergence models
of Creswell and Plano Clark (2007) can be combined to show almost simultaneous and concurrent
usage of quantitative and qualitative data analysis. This is more complex both in terms of multiple
sampling frames and necessary design flexibility. Design flexibility can be required when the re-
search occurs over a prolonged period of time. A range of data collection tools and sampling frames
were used across Levels 1, 2, and 3 in the multilevel design (see Table Appendix A-23). The multiple
data collection tools were aimed primarily at providing cross-checked or triangulated data from which
more rigorous and valid conclusions could be drawn (Denzin, 1997).

Cross-checking for plausibility and the search for common patterns was carried out within a phase
and also between phases to generate preliminary findings. While progressing through each phase,
the mix of the quantitative and qualitative data collecting tools, particularly through phases | b to I,
enabled the researcher to constantly compare and contrast the phase data for the context of Eng-
land. Furthermore, it enabled to develop an ongoing and cumulative interpretation of the overall find-
ings. Figure Figure 6-11 presents the levels according to the research phases la, Ib, Il and Ill, which

have been achieved in a secuential way over time, as presented in the introduction of chapter 6.
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la Ib 1} 1]
NATIONAL (1) NATIONAL (1)
Level 1: Level 1:
QUAN & QUAL QUAN & QUAL
Interviews (11) Questionnaire
NATIONAL (3) NATIONAL (1) NATIONAL (3)
Level 2: Level 2: Level 2:
QUAL QUAL QUAL
Interviews (8) Document Focus groups

analysis

REGIONAL
CASE STUDIES
Level 3:
QUAL
Document
analysis

Figure 6-11: Phases used in research design approach applying multiphase triangulation

6.13 Transferability - towards generalisation

Based on Walle (2015 p.148) qualitative research projects are mostly not exactly repeatable, contrary
to experiments. A qualitative research project has its specific focuses, challenges and settings. The
specific character of a qualitative research project has also been highlighted by Miles et al. (2014
p.34). According to Easterby-Smith et al. (2012 p.341) 0 g e n e r a lisithe extemt to which obser-

vations or theories derived in one context can be applicable to other contexts.o

In accordance with these determinations, this research project aims at finding a level of transferability
for the professional field of estates and facilities management, but it doesn't want to be used in any
way as a generalising tool to be copy-pasted. Rather, it should be understood as an evidence-based

summary of a general topic in a specific context.

6.14 Critical review on frameworks

In order to evaluate what the best type of framework should look like for the present study, a specific

literature review was done. It seeks to find relevant and structuring elements to shape the framework.

6.14.1 Background

The aim of the research is to develop a framework for those responsible for water systems based on
the insights gained during data collection and analysis. This framework aims at guiding on the pre-
vention of Legionella in hospital water systems. The target group is the management level in Estates
and Facilities Management. The framework aims to provide orientation by integrating an overall view
of the sub-process steps to be considered into an overall process. Detailed diagrams and current
references are displayed for individual elements of the framework, which can be interpreted as in-
structions for action. By comparing the degree of fulfilment of their own organisation (hospital) with
the existing elements of the framework, it is possible to determine the current situation. This shows

what is currently being done and whether more attention should be paid to certain aspects.
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Used as a management instrument, this fit-gap comparison allows resources to be earmarked for

specific tasks, which are then used step-by-step and in a systematic manner.

At the beginning of Chapter 4, reference was made to the work of Bereskie et al. (2017) in which
they presented an "Innovative Plan-Do-Check-Act (PDCA) Framework for a Safe Drinking Water
Supply". Their work focuses on the entire water supply chain. The presented PDCA-WSP framework
for drinking water management in Canada describes individual fields of action with federal, provin-
cial/territorial and municipal responsibilities. In other words, different stakeholders with different tasks
and responsibilities. If one considers the hospital as a socio-technical system in which various tasks
arise that require (drinking) water supply and in which services are performed by different responsi-
bilities (Sax and Colombo, 2016) certain of the ten steps of the PDCA-WSP presented can be trans-
ferred to a smaller system - hospital as a complex building system. As a synthesis product from this
t h e sesearéh progress, and inspired by elements of the PDCA-WSP, which gives this research an
orienting framing, which is transferred to another setting into another national context, the created
framework of the present research is to be understood as a target group specific instrument, which

makes a contribution to Legionella prevention, and thus to public health.

Just as important as the development of a modern, practice-oriented framework for a specific target
group is its recognition by experts and professionals (see chapter 6.9.7.4) and its availability. In the
course of the research work, contact was made with various organisations (see chapter 6.9.7.3,
Table Appendix A-16 and Table Appendix A-17) to recruit interviewees (chapter 6.9.7.1) and survey
participants (chapter 6.9.7.3). The organisations became aware of the research work. One of these
organisations expressed interest in publishing the final product "Framework" as an official "guiding
document" as part of its public relations work. Thus, the framework can be made available for indus-

try-specific training purposes in the future.

6.14.2 Critical literature review

A contextual literature review serves to delimit the scope of a framework in terms of content and
subject matter. The review aims to question various publications on frameworks, how to place them
in the national context of the UK, to identify and analyse the relationship to the research topic in order
to derive elements, the structure, scope and special features for its creation. At the same time, the
review serves to identify national frameworks on the research topic that might potentially already
exist. In order to reconise the purpose of a framework in this research context, some explanations

need to be done.

A framework is generally understood to be the frame around which you fit the detail. This could be
in the form of a template. There are different approaches according to which a framework is devel-
oped or derived. But also the perspective, what the framework is meant for, has to be taken into
consideration before it is developed. In the relationship to the research context there were found for

example the following types of frameworks, characterising their purpose or structure:

1 Theoretical framework (Crippa et al., 2018)
1 Conceptual framework (Amaratunga and Baldry, 2003, Looy et al., 2014)

1 Process-based framework (Contandriopoulos et al., 2015)
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For the literature review any type of context-specifi ¢ publ i cati on highlighti:

found in scientific data-bases was evaluated by qualifying its content and appearance. It considers
thematic classification, structural elements, content elements and editors or publishing body. The
underlying methodi s r oot e d backgroudd dn implenteritation theory (Ullrich et al., 2014),
where a definition of a precise contextual reference catalogue or definition of reference criteria is
needed. It helps implementing theory. For that, each framework was classified by exactly the same

set of criteria (Table Appendix A-24).

As a result of this specific literature review on frameworks, a decision was made to create a process-
based framework presenting an initial framework overview, a map with processes and process ele-
ments in a hierarchic stucture, involved people responsible, a communication scheme, explaining
process flowcharts for specific workflows, further structuring elements for risk management proce-
dures, corresponding template documents, control requirements and references to existing guidance

documents and finally compliance management tools.

6.14.3 Structuring elements and steps

Bereskie et al. (2017, p.248) describes a Canadian Ministers of the Environment Multi-barrier ap-
proach (MBA), where they identified integrated elements rated as critical components of the MBA.

There were found further steps described by Bereskie et al. 2017, which seem very important for

consideratonf or devel opi ng and s Water safety managemeat, Legioaettae wo r |

prevention and risk management in hospitals: a framework for Estates and Facilities Management in

Englando . Al | i denti f i e dlabel6-ddaadTakde 6-d4. €heylrepederd ibcus ete-
ments for structuring the final framework according t o t he combi ned | ogi cs
ternal to internal vi ewd, 6from source to tapb,

quality management standard for continuous improvement by plan-do-ckeck-act.

Table 6-13: From Source to Tap: The multi-barrier approach to safe drinking water (CCME, 2002)

Element | Element Descriptions

no.

1 Legislation and policy frame- | Legislative and policy frameworks highlight responsi-
works bilities for each aspect of the drinking water system

and should be reviewed and revised as necessary

2 Public involvement and Public involvement and awareness includes appropri-
awareness ate levels of partnership and communication among
stakeholders to increase transparency and availability

of public health information

3 Guidelines, standards, and Regulations provide utility managers and system
objectives owners with water quality targets to meet and can be

used as part of the decision-making process
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4 Research, science, and Research, disease surveillance, and other scientific
technology and technological advancement/development allows
for more integrated water quality monitoring and po-

tential for improving operations

5 Management Drinking water supply management requires cooper-
ation of stakeholders in different fields (e.g., health,
environment, and industry) and requires qualified per-
sonnel to ensure treatment facility and distribution

system are operating at optimum levels

6 Monitoring Water quality monitoring includes the sampling of wa-
ter quality at the source, after treatment, and within
the distribution network. This allows operators to mod-
ify treatment if water quality fluctuates to ensure reg-

ulatory compliance and safe drinking water

7 Source water protection and | Protection of source water based on watershed man-
management agement involving a coordinated approach among
stakeholders to develop short and long-term plans to
prevent, minimize, or control potential sources of pol-

lution or enhance water quality

8 Drinking water treatment Drinking water treatment is key to eliminating patho-
gens and chemical substances found in source wa-
ters. They should be regularly reviewed and upgraded

as necessary

9 Drinking water distribution Distribution systems are the final physical barrier in
systems the multi-barrier approach. After water is treated, its
quality must be maintained throughout the distribution

system

Furthermore, they describe ten consecutive steps of the Plan-Do-Check-Act Water Safety Plan
(PDCA-WSP) framework for a safe drinking water supply (Table 6-14).

Table 6-14: The ten steps of the PDCA-WSP, described by Bereskie et al. (2017)

Step Description PDCA element

Step 1 Assemble the team to prepare the PDCA-WSP Plan

Step 2 Document and describe the system
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Step 3 Document and describe compliance and performance monitoring

Step 4 Develop supporting programs

Step 5 Performance maintenance and monitoring Do

Step 6 Enforce Check

Step 7 Audit and develop performance benchmarking

Step 8 Corrective actions Act

Step 9 Perform management review

Step 10 | Continuous performance improvement

To sum it up, general thematic, structural and content characteristics were found (Table Appendix

A-24), which can be considered in a final framework output.

In the focused mini literature review of chapter 6.14.2 no existing framework of the typ this research
wants to present an output was found for the national context of the UK. This gap of a missing frame-
work of that type and content is intended to be closed by the dissemination of this work. This finding
is in line with the findings of Chapter 4. In order to further substantiate this finding, a corresponding

question (queston 7) is put to the experts of the focus group (chapter 6.9.7.4).

This shows the innovative character of such a framework. A potential need should be covered by
this research. Since the framework is aimed at management levels, its page count is limited to a few
pages. In addition, the framework will be extended by a tool for visualisation, with the help of which
the users will be able to see which compliance level they will achieve in relation to the elements of
the framework. Two monitors serve as a meaningful management instrument for the overall over-
view. A "framework" (chapter 8, Figure 8-22) and a "process" (chapter 8, Figure 8-27) monitor. Ex-
planatory elements in the form of diagrams and references supplement the framework (chapter 8),

which should not exceed 20 pages.

6.15 Creating a framework in line wih the objectives

The output of the present research is to cover an assumed demand for guidance: A framework for

Legionella prevention in in hospitals. It should meet the following criteria:

C This framework is tailored for estates and facilites management. It is a specified output for
people responsible for water safety and Legionella risk management in England.

C It may be utilised as a brief guiding document for how the process of water safety manage-
ment could be organised and what is essentially being considered.
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C The title of the framework is aligned to the content, which i s : AThe process of
management, Legionella prevention and risk management in hospitals: a framework for es-

tates and facilities management with focus on Englando .

There are different approaches and perspectives that have to be considered for framework develop-
ment, as was described in chapter 6.14. The research design for identifying the content of the frame-
work utilised mixed methods, in which quantitative methods were used in a secondary role. It was
chosen to emphasize the qualitative data as it was expected this would help identify the scope and
field of stakeholders and processes under research. However, based on prior research experience,
it was anticipated the qualitative interviews would provide insights into the circumstances, roles and
processes of people responsible for water safety management from an estates and facilities man-
agement perspective. Outcome measures include descriptive statistics. The qualitative data from the
interviews of phases | a and | b and the qualitative data from the free-text responses in the survey of

phase Il were were considered all at the point of data analysis to identify themes.

As a prior step to framework development, the reseacher developed an analytic framework for the-
matic coding through iterative review of batches of transcripts and the free-text survey items. A priori
anticipated themes from the literature review were integrated with emerging themes to revise the

analytic framework as data collection progressed.

The final version of the coding template, which led to the framework output elements, is available on
Table 6-16 indicating the relationship of the categories of the different research phases and the re-
search questions. Mapping matrices present how the research objectives feed answers to the re-

search subquestions, applying different analysis procedures (Table 6-15, Table 6-17, Table 6-18).

Table 6-15: Mapping matrix of the objectives (1 to 6) feeding answers on the subquestions (SQ1 to SQ4)
SQ1 | SQ2 | SQ3 | SQ4

&
@] e
FNE)

S @@
o

®)

(6)

The dominant analysis strategies for gaining evidence, and the alignment of the objectives to the
respective analysis strategy for answering the subquestions is cross-referenced to the respective
chapter and summary table of this thesis, as presented earlier at the beginning of chapter 6 (Figure
6-3). Ongoing data analysis continued until the researcher concluded thematic exhaustion had been
reached. For the most part qualitative data were coded and analysed with NVIVO software (see
chapters 6.10.2.1 and 6.10.2.2), but also applying conventional methods and more time-consuming
analytical procedures with classically assembled tables and using excerpts. Following preliminary
analysis of qualitative and quantitative data, integrated analysis of the quantitative and qualitative
data was performed with these methods. Outcomes measures included measures of association for

themes by quantitative descriptor.
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The framework output is described in chapter 8. The framework output concluded and compiled from
the research results and analyses of phases la, Ib and Il underwent a subsequent validation step by
during a focus group for identifying final revisions to qualify the framework for applicability in practice.

The whole validation step and the recommendations for revisions are described in chapter 7.7.
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Table 6-16: The relationship of the categories of the different research phases la, Ib and Il and the research subquestions

INTERVIEWS Details INTERVIEWS Details INTERVIEWS Details SURVEY Details Output
Phase la Analysis intends | Phase Ib extrinsic | Analysis intends Phase Ib intrinsic | Analysis intends Phase I Analysis intends
to deliver an- PESTLE analysis to deliver answers CTAAPM analysis to deliver answers RMP analysis to deliver an-
swers to follow- to following re- to following re- swers to follow-
ing research search subques- search subques- ing research
subquestions tions tions subquestions
See chapters See chapters See chapters See chapter
7.2and 7.3 73and 7.4 7.3and 7.4 7.5
— AN ™ < — AN ™ < — AN (92] < — AN ™ <
oc|lo|o|C o|lo|Co | o oo O || QO O
nln|ln|un nilnln | n n n|ln|lon n|ln|lun|n
Actors x Political X | x X | x | Control X X X | Roles and re- X X 65’\
[}
A PP cc sponsibilities s
e
R )
N
Drivers X X | Economic X | Transparency X X | X Management and | X X | X 14
O
D PEC cT processes
=
M
L
Professional field | x | x | x | x | Social X X Accountability X X | Processes and | x | X | X | X =
. <
=) PS CAcC collaboration o
P L
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INTERVIEWS Details INTERVIEWS Details INTERVIEWS Details SURVEY Details
Phase la Analysis intends | Phase Ib extrinsic | Analysis intends Phase Ib intrinsic | Analysis intends Phase I Analysis intends
to deliver an- PESTLE analysis to deliver answers CTAAPM analysis to deliver answers RMP analysis to deliver an-

subquestions tions tions subquestions
See chapters See chapters See chapters See chapter
7.2and 7.3 73and 7.4 7.3and 7.4 7.5
©
Organi sat x Technological X X | Awareness X X g_
©
<
struments PT CAW S
Oi ¢
x
Clinical instru- X Legal X | X X X | Prevention X X o
ments PL cp >
Ci w
=
Environmental X X | Management X X | X | x <
4
PEN CM
w
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Table 6-17: Mapping matrix for phase la and phase Ib (extrinsic) analysis procedures to achieve objectives and to answer the subquestions
Phase la Phase Ib (extrinsic)
Subquestions Objectives Subquestions Objectives
SQ1 | SQ2 | SQ3 | SQ4 SQ1 | SQ2 | SQ3 | sSQ4
AT WHO X @) | @ 4) PP i Political X @2 | 3 | &
D1 THROUGH X @13 ® X @ | @ (4)
X (6) X 5)
Pi WHAT X @103 |®» X (6)
X @ | @ 4) PEc i Economic X (6)
X (5) PSi Social X @ | @ 4)
X (6) X 5)
Oii HOW X @ |3 | @ PT 7 Technological X @ | 3 | @
Ci1T HOW X @ | @ (4) X (6)
PLT Legal X @2 | 3 | @
X @@ 4
X 5)
X (6)
PEn - Environmental X @2 | 3 | @
X (6)
Liverpool John Moores University PhD Thesis



Methodology 136
Table 6-18: Mapping matrix for phase Ib (intrinsic) and phase Il analysis procedures to achieve objectives and to answer the subquestions
Phase | b (intrinsic) Phase I
Subquestions Objectives Subquestions Objectives
SQ1 | SQ2 | SQ3 | SQ4 SQ1 | SQ2 SQ3 | SQ4
CCi Control X @ | 3 | @ R Roles and X (1) (2) 4)
X @ | @ (4) responsibilities X (6)
X (6) | Pi Processes X @ | ® | @
CT i Transparency X ORECOREG) and collaboration X @ | @ (4)
X @ | @ 4 X ®)
X (5) X (6)
CAc i Accountability X @ | @ 4) M i Manage- X @ | B | @
X (6) | mentand pro- X (5)
CAw i Awareness X @ | @ (4) cesses X (6)
X (6)
CP i Prevention X @23 |©®
X @ | @ 4
CM i Management X @2 | 3| @
X @@ 4
X ®)
X 6)
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The following Table 6-19 and Table 6-20 indicate how the analysis of survey questions intends to

deliver answers to the four research subquestions.

Table 6-19 applies to research phaselb. Subquesti on one is abbreviated
process elements with elements of answers on questions (Q) 12, 13, 16, 18, and 25_26. Subquestion

t wo i s abbr30vd aagoedis fowpracdss odvners with elements of answers on questions
(Q)4,8,10,12,13,16,and25 26. Subquestion t h3Q3& agoeedtsfdrbverlepsi at e
ping duties with elements of answers on questions (Q) 10, 12, 13, and 25_26. Subquestion four is

abbr ev3$Qdd eainedis for facts comparable between organisations with elements of answers

on questions (Q) 4, 8, 10, 11, 12, 13, 16, 19, 21_23, 25_26, 28, 32, 33, 34, 36, and 37.

Table 6-19: Strategy of how analysis of questions of phase Ib deliver answers to research subquestions

Interview phase I b question | Analysis to deliver answers to research subquestions
SQ1 SQ2 SQ3 SQ4
Q4 X X
Q8 X X
Q10 X X X
Q11 X
Q12 X X X X
Q13 X X X X
Q16 X X X
Q18 X
Q19 X
Q21_23 X
Q25_26 X X X X
Q28 X
Q32 X
Q33 X
Q34 X
Q36 X
Q37 X
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Table 6-20 applies to research phasel. Subquesti on one is abbreviated
process elements with elements of answers on questions (Q) 17, 18, 19, 20, 21, 23, 24, 25, 26, 27,
28,29and 3 0. Subguestion two is abbreviated with &6SQ
ments of answers on questions (Q) 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 22, 23, 24, 25,

26, 27, 28, 29, and 3 0 . Subgquestion three is abbreviated 6S
with elements of answers on questions (Q) 17, 18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 29, and 30.
Subquestion four is abbreviated keSees rgaaisattbnsgithe st s
elements of answers on questions (Q) 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

20, 21, 22, 23, 24, 25, 26, 27, 28, 29, and 30.

Table 6-20: Strategy of how analysis of questions of phase Il deliver answers to research subquestions

Survey phase Il questions | Research focus category Analysis to deliver answers to

research subquestions

SQ1 | SQ2 | sSQ3 | sQ4

Q1-Q16, Q22 Roles and responsibilities X X X
Q17-Q21 Management and processes X X X X
Q23-Q30 Processes and collaboration X X X

The analysis strategies presented in Table 6-16, Table 6-19 and Table 6-20, in combination with
Table 6-21, provide data and analysis to deliver answers to the research. The research progress
towards the framework output, which is the result of this research, delivers answers to subquestions
SQ1 to SQ4 and, finally, answers the research question. The research question is then answered in
chapter 9.2. Table 6-21 lists the structure of how the research subquestions SQ1-SQ4 are intended
to be answered by using results and analyses of the different research phases la, Ib and Il by apply-

ing the multiphase triangulation design described in chapter 6.12.2.
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Table 6-21: Strategy for answering the subquestions of the research project applying selected categories of

analysis procedures of different phases

S UB Q UE S TI ON'S
SQ1 SQ2 SQ3 SQ4
THROUGH, WHO, WHAT, WHAT THROUGH, WHAT
WHAT, HOW (Oi) HOW (Ci)
PP, PT, PL, PEn PP, PS, PL PP, PS, PL PP, PEc, PT, PL,
PEn
CC,CT,CP,CM CC, CT, CAc, CT,CM CC, CAc, CAw,
CAw, CP, CM CM
M, P R, P M, P R, M, P

Content as availa-
ble

Content as availa-
ble

Content as availa-
ble

Content as availa-
ble

The next section highlights the ethical considerations applicable to this study.

6.16 Ethical considerations

According to Easterby-Smith et al. (2012 p.95) there are a couple of important thoughts that have to

be considered before doing the research:

= =4 -4 4 -8 -—a - -

search results

Ensure that no harm comes to participants

Respect the dignity of research participants

Protect the privacy of the subjects under research
Ensure confidentiality of research data

Protect anonymity of individuals or organisations

Ensure full information to gain (informed) consent of research participants

Avoid deception about the nature or aims of the research

1 Avoid any misguiding or wrong interpretation of research findings

Declaration of affiliations, funding sources and conflicts of interest when communicating re-

Since this study obtained insights into the processes of water safety management, Legionella pre-

vention and risk management in hospitals, certain ethical issues had to be considered. Firstly, the

researcher had to determine whether the interview participants and the survey respondents preferred

to participate anonymously.

There is always a possibility of a loss of standing or employment when confidential information is

divulged (Stake, 2000 p.447). Even though giving information about business processes, documents,
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risks in the context of infectious diseases might be an argument for cautiousness or reticence. Ano-
nymity implies that the researcher does not reveal the identity of the respondents and participants or
even the name of the organisation. This can be done, inter alia, by using pseudonyms, changing the
names of the participants, protecting data by applying labels with letters and numbers and securely
storing the research notes and transcriptions (Daymon and Holloway, 2011 pp.66-67). Although a
list of participating organisations would be available, the anonymity of each organisation, interview
participant and survey respondent was kept confidential throughout the research process. To ad-
dress confidentiality issues, Stake (2000 p.447) argues that it is advisable to enter into a contract
between the researcher and organisations, where the research boundaries are stipulated and the
researcher assures the participants that the research is to be conducted purely for academic pur-
poses. Furthermore, it is essential for the researcher to share draft documents with the participants
to ensure that their views are accurately represented (Stake, 2000 p.448). The researcher should
obtain permission from the participants well in advance to record the interview discussions, disclose
facts and identities, and, in the compilation of a research contract, informed consent needs to be
obtained. This basically implies that the participants must understand and accept the terms of the
agreement (Thomas, 2011 p.69). To obtain informed consent, the researcher needs to disclose the
nature and purpose of this study, the expected benefits, information on anonymity, confidentiality
and the storage and presentation of data as well as the credentials of the researcher (Thomas, 2011

pp.69-70). All was done in the course of the research.

6.16.1 Confidentiality and protection of participants and research data

Formal research contracts were drawn up for the parts of the interview study in terms of consent
forms to disclose information and insights and to record the discussions. By realising this formal step

the interview participants respected the academic nature of the study. Informed consent was ob-

tained for the survey part and the focus groups.

protected. To ensure that the facts were accurately presented, a draft document of the findings of

the research was shared with the respondents and participants on request.

6.16.2 Cross cultural bilingual research and translation

An early, initial idea was to do a comparative study with focus on the situations of water safety risk
management, Legionella prevention in the professional field of estates and facilities management in
three countries of two different languages and cultural backgrounds. This is described in chapter 6.5
and 6.9.2. For data collection and data analysis of data gathered during phase | a, which included
German and Swiss-German speaking countries Germany and Switzerland, a lot of effort was neces-
sary to establish country- and language- specific data collection instruments. Those interviews held
in the German language were audiotaped, transcribed and then translated into adequate English. As
Germany and Switzerland have different-to-the-UK organisation structures of water safety risk man-
agement and Legionella prevention (see Leiblein et al. (2017b)), further considerations led research
on having a focus on analysing the cases in England. This decision also helped avoiding language

or cultural barriers (Tate et al., 2017), or misunderstanding and misinterpretation of terminology.
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6.17 Researcher characteristics and reflection

Since 2011, the researcher has been working on the topic of Legionella prevention in drinking water

systems. Since then, theresearc her 6 s net wor k and experience has ¢

In the first few years his focus was almost exclusively set on two German-speaking countries. With
the beginning of the doctorate at Liverpool John Moores University, and with the emergence of the
research question, the interest has widened up to the English speaking context, and thus, to a more
holistic view with the increasing amount of international literature studied. During this time, similarities
and differences in the approach of organisations (hospitals) to water hygiene, prevention, risk man-

agement and facilities management were studied.

In order to capture and investigate these differences scientifically methodically valid, the presented
research design was chosen in the context of this work. On the one hand, the work systematically
collects data on a given research question. On the other hand, findings were collected and critically
reflected during the course of the research. Furthermore it was possible to stimulate discussions and

to discuss practices in prevention activities.

This was made possible by the researcher's career to date. For many years, he has worked as a
research associate at the Institute of Facility Management at Zurich University of Applied Sciences.
There he became familiar with facilites management in all its facets and areas of responsibility. Fur-
thermore, his scientific-technical background as a graduate engineer for nutrition and hygiene tech-
nology, with numerous further training courses, &
to better understand and communicate with different stakeholders, addressing the target audience
within this sensitive subject area. Since 2019 he is working at middle-management level in the pro-
fessional field of infection prevention for a Swiss private hospital, which is one hospital of more than

85 of an international clinic network.

With the research results and experiences, based on analyses and literature studies, and with the
continuous examination of updates in legislation and recommendations and guidelines, the desired,

practice-oriented approach of research may be carried forward.

Findings will be used to the best of knowledge for didactic purposes and for sharing with the research
community. The scientific nature of communication and reporting was then and is now a fundamental

requirement of the work.

6.18 Summary

The purpose of chapter 6 was to discuss the methodology used to detect and measure the processes
of water safety management, Legionella prevention and risk management in hospitals in practice to

develop a framework for facilities management.

It was indicated that this study was a combined study with explorative, descriptive, explanatory and
evaluative purpose inherent in its nature and built from an interpretative research paradigm. It com-
bines qualitative one-on-one face-to-face, telephone interviews and a web-based survey, embedded

in a mixed methods research design.
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Although triangulation by means of a combination of qualitative and quantitative methods was out-
lined as the research methodology, it was indicated that a predominantly qualitative research design
would be followed. The purpose of doing two interview studies, which constitutes the first phase of
data collection, would be to obtain and confirm inputs of organisations regarding processes and
stakeholders. The data obtained from the first phase would inform the second phase of data collec-
tion, the survey. This would be conducted to address the trends identified in the interviews; explore
the finer details of processes, stakeholders and management. Phases one and two feed the final

output, the framework, which will be validated in a focus group, the last phase of data collection.

Since this study was primarily concerned with obtaining insights from water safety group members
from the perspective of estates and facilities managagement on the present processes, designs and
perfoming of water safety management, Legionella prevention and risk management processes in
hospitals, it was essential to purposively select respondents who were willing to participate in the
study. The sample of the two interview studies phase la and phase Ib comprised eight and 11 inter-
viewees respectively, as described in detail in chapter 6.9.7.1. A total of 169 people of the targeted
group of people, which is members of a water safety group, have entered the opening page of the
web-based survey. Only 17 respondents completed the survey, giving a response rate of 10%. Pur-
posive non-probability and convenient sampling strategies were applied, as described in 6.7.

In chapter 6.9.7.3 it was indicated that the web-based survey would be designed by means of the
BOS design program and would comprise 31 questions with a total of 54 differents items quested,
and with variations in the type of response options. Various methods would be employed to ensure
the quality of the questionnaire, which included the evaluation of the questionnaire by an expert panel
covering academic saéd professionals perspective background. The measurement levels would in-
clude both ordinal and nominal. The data analysis methods employed for the web-based survey
would initially entail descriptive analysis including non-statistical quantitative analyses by means of
thematic coding, frequency analyses and matrix analyses.

It was argued that the questions and categories for the semi-structured one-on-one interviews of
phase la and Ib would lead to setting up the survey questions of phase Il. The overall data analysis
met hod proposed for this study was a combina

integrated with the analysis process from Marshall and Rossman (1999).

Trustworthiness was presented as an alternative for establishing reliability and validity in qualitative
research, to ensure the credibility, transferability, dependability and confirmability of the study. Cred-
ibility, which was described as the alternative for internal validity, was achieved through an extensive
literature review and the application of triangulation (chapter 6.12) as a leading research design ele-
ment within the boundaries of the research setting, population and theoretical framework of the study.
Thus the scene was set for focusing on stakeholders, processes, risk management, knowledge man-

agement, water safety and Legionella.

The chapter concluded with a discussion of the ethical aspects that were considered for this study,
which specifically focused on maintaining the anonymity of the survey respondents and interview
participants. The next chapter presents the results and analyses of the data that has been collected,

giving the elements for the framework.
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7 Results and analyses

The following chapter is of great importance for this research and the generation of the output. It
introduces and explains the results and analyses in a structured way of the sequential order of the

research progress.

7.1 Literature review

The literature review (chapters 2 to 5), upon which this research is built, brought up three main areas
of interest to focus on during analyses. Analysis procedures are aligned to the research aim (section
1.4), objectives (section 1.5), the research problem uncovered and the subquestions arising. The

three main areas are:

1 Analyses focus I: Processes
1 Analyses focus Il Stakeholders (functions, roles, resonsibilities)

1 Analyses focus lll: Training and training needs

With reference to the methodology described in the first paragraph of chapter 6, the analysis proce-
dures of phases | a, I b, Il and Ill, which all apply content analysis methods such as thematic, template

and descriptive analysis, are referred to these three main areas of analysis.

7.2 Phaselar’ interview study (QUAL)

With data originating from phase la an initial concept map was compiled, defining categories, which

allow analysing the interviews in a structured manner and with respect to identifying the process of
Legionellapr eventi on in healthcare facilitifessiTberatktat
6organisationds instrumentsé, 6clinical i nstrume
terview were grouped into the respective category. The selected words are based on the common
business language of the interviewee. This was done to keep the originality of the words from the
interview partners. Selected were those words that were found purposefully matching the category.

The selected words are expected to be important starting points for deeper analysis of the data. They

build on the experience during the interviews, transcription process and first familiarising works with

the texts. Subsequent identification and analysing cycles aimed at working out case classifications,
differences, relationships and patterns. Several cycles of data analysis led to deeper understanding

of the data in this exploratory research (triangulation).

The exemplified dataset of the case characteristics (Table Appendix A-25) contain structured data
arranged in rows (numbered hospitals 01-08) and columns (case characteristics). They also contain
guotations of the responses of the interviewees. The recruited interview partners of the hospitals
were affiliated to different positions / functions. They were seenast he O6data sourced

interview questions and providing additional data material in the form of documents (chapter 7.3).

7

Evaluating the quality of the answers included three qualifying aspects6 c o mpl et eness 6, 06

ness 6 an dTalble 71y Quaktydhere is defined as the number of occurrences of a certain

interview response, rated by the content quality of the answers.
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For that, the transcripts underwent a thematic analysis step. Translation issues were considered

carefully, as data sources were obtained from German and English sources.

Table 7-1: Quality of answers i assessment according to completeness, appropriateness and source

Country | Job description of gatekeeper Quality of the answers according to
completeness / appropriateness [ source

UK Deputy Director of Estates ++ [+ [+t

UK Associate Director of Estates [

GER Hygienist ++/+/0

GER Head of Construction Management + /+/+

CH Head of Technical Services 0/+/++

UK Water Safety Manager +/++/+

CH Head of Technical Services +/+ [+t

CH Sanitary worker 0/+/0

GER Head of Building Services +/++ )+

Text analysis was carried out and then visualised. It started with a text search query. For that, a key
word or a certain phrase was searched for in the source material, according to the pre-defined cate-
gories. The resulting word frequency query lists the most frequently occurring words in the interviews.
The search included stemmed words. The total counts were referred to the respective country and
visualised in a case-ordered meta matrix (Table 7-2). According to the arithmetic mean of the counts
per country, three ranks were assigned, where rank 1 represents the country with the most frequent

counts.

As a method of confirming findings and testing the validity of the data obtained, method triangulation
and source triangulation was applied (chapter 6.12.2). To increase the credibility of the results, phase
| a considered a variety of different types of data analysis and visualisation methods. The spectre

contains:

1 Case characteristics (Table Appendix A-25)
1 Quality of answers i Assessment (Table 7-1)

1 Word frequency query (Table 7-2)

Summarised in the case characteristics presented in Table Appendix A-25 some general areas of

mor specific interest ave been derived fromt the interview participants.

ForGer many it was O6the hygiene commissiond and &sh
ForSwi t zerl and it was O6costs per jear spent on wat
and O6challenge in the common un ddinical{ea.nethnical repet we
resentativesdé6 (hospital 07).

For The UK (Englmadcheanstdndiarsg 6gfoordol es and respon:¢

6interdisciplinary and complex task of achieving

Table 7-2 and Table 7-3 list the total counts of words (with stemmed words) that were defined for
each main category and found during a word frequency query. Table 7-3 shows the case-ordered
meta matrix, with ranks for each country, according to the arithmetic mean of the results of the word

frequency counts.
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Table 7-2: Total word counts per category phase la

Category IWnrds Hospital 01 |Hospital 02 |Hospital 03 |Hospital 04 |Hospital 05 |Hospital 06 |Hospital 07 |Hospital 08
Actors Responsibility 17| 36| 34 21 16 29| 36 16|
Role 2 10| 0 0 1 1 0 0
Stakeholder 0 0 0 0 0 2] 3 0
Water Safety Group 5 34| 0 0 1 25| 2 0
Total Counts Category Actors 24 80 34 2 18 57| 41 16|
Drivers Authority 3 3 3 7 2 4 1 5
Legislation 1 1 1 1 2 4 1 1
Legal 3 0 3 4 1 8 9 2
Guidance 9 0 0 0 0 6| 0 0
Recommendation 0 2] 8 4 1 0 4 1]
Standard 1] 3 3 0 9 4 3 1]
Total Counts Category Drivers 17| 9| 17 15 15 26| 18| 10|
Professional field Estates 16 55 1 1 4 8 2| 0
Facilities 4 12| 15 3 15| 8 9
Facility Management| 2 2 5 3 2 5 2 5
Healthcare 4 7| 0 1 0 6| 0 1]
Health authority 0 0 1 4 0 0 0 0
NHS 4 8 a a 0 1 0 0
Trust 10| 39| a a 0 8 0 0
Health & Safety il 5 2 1 3 i il il
Legionella 22| 22| 25 29 28 45 31| 12|
Legionella managem| 2 1 1 0 0 0 0 0
Legionella preventio| 3 3 0 1 12 12| 4 3
Legionella risk mana 1 2 1 1 7 1 3
Water Management 4 8 8 8 8 1 0 0
Water Safety 15 61 8 2 3 44 35 7]
Water Safety Team 1 3 1 0 1 2| 2 0
Water Safety Group 35 34 0 0 1 25 1 0
Water Systems 12 7 3 1 &) 30 4 11
Total Counts Category Professional field 108 268 72 58 71 211 b1 52|
Organisation's Instruments Prevention 9 18, 10 2 17 24 18, 6
Monitoring 4 3 9 4 7 12| 1 8
sampling 2 6 33 24 12 8 15 4
Audit 0 3 2 0 0 2 0 0
Control 9 20| 7 14 13 7 2
Process 3 14| 10 3 67 19 23 3
Documentation 6 16 21 11 10 18| 139 10|
Matrix 0 0 3 0 4 0 8 1
Accountability 1 1 2 0 1 2 9 2
Strategy 2 4 2 1 1 7 1 2
Risk 21 37| 1 11 9 36 13 16
Structure 6 5 3 7 15 6 9 3
Duty 3 4 1 0 1 4 2 2
Total Counts Category Organisation's Instruments 68| 133 114 74 158 151 131 59|
Clinical Instruments Hygiene commission| 1 3 21 14 10 2 11 1
hospital hygiene 0 0 6 0 0 0 18| 8|
infection prevention| 3 15| 0 0 0 7 0 0
Total Counts Category Clinical Instruments 4 18| 27 14 10 4 29 9|

19

13
57
16

Table 7-3: Section A) Results word frequency query (wfq); Section B) countries ranked by the results of wfq

Category Hospital | Hospital | Hospital | Hospital | Hospital | Hospital | Hospital | Hospital | Total
01 02 03 04 05 06 07 08 counts
Actors 24 80 34 21 18 57 41 16 291
Drivers 17 9 17 15 15 26 18 10 127
Professional 108 268 72 58 71 211 61 52 901
Field A
Organisation’s | 63 119 104 69 91 132 108 56 742
Instruments
Clinical 4 18 27 14 10 a4 29 9 115
Instruments
Total counts | 221 | 508 264 182 272 449 280 146
Arithmetic | Hospitals Country Rank
mean value
393 | 01, 02, 06 United Kingdom 1 B
276 | 05, 07 Switzerland
197 | 03, 04, 08 Germany 3
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It was found that in England (United Kingdom) water safety follows the principles of the water safety
plan. Preliminary results have been presented with a poster at aconference in Rome (see Figure
Appendix A-9). There is institutionalised a water safety group with certain roles and responsibilities
within the organisation. Processes are described and organised in fundamental documents, such as
policies and plans. All these are indicators for defined and documented organisational structures. In
contrast, in Germany and Switzerland, there is the institutionalised hygiene commission playing a

central role in the organisation with respect to water safety, risk management and Legionella.

The attitude of interviewees of these two countries, in terms of sharing documents for research pur-

poses is less supportive and qualitatively inferior to that experienced in England.

Of course, it may be argued that Legionella and risk management in hospitals is a sensitive topic,
which prevents sharing information. But, according to different national backgrounds and logics -
either following the lead of the water safety group or the hygiene commission respectively - it means
different roles, organisational structures and process logics. In order to study the field of interest, a

decision for further research practices was made.
Decision-making was made by following the criteria listed below:

1 Appropriateness of the management level of the interview partners

1 Quality of organisational structures (identifiable organisational structures, accountability, job
titles)

1 Completeness of data collection procedure intended to feed the research. This also included
the openness of answers during the interview, the quality of answers during the interview,
the availability of interview partners, the number of additional documents provided by the
interview partners

I Traceability of the described tasks and activities. Plausibility and evidence of existing struc-

tures with reference to standards and laws

The procedures described for data collection and the results obtained from phase la show that infor-
mation could be collected within the underlying research design. However, the interviews showed
that the number of questions asked was very large and the interview took too long in time. On aver-
age, a full interview lasted about 79 minutes. Addressing precise questions should be chosen. Nev-
ertheless, they must meet the requirement to contribute to answering the questions (objectives) of
the actual research project. The initial phase | a, which could be rated as a ¢ilot studydprovided
important insights for data collection and data evaluation. Necessary adjustments were taken into
account as lessons learned for the subsequent interview study phase | b. In this pilot study, the
instruments and procedures for data collection and analysis were tested under field conditions for
three countries. It became clear that in the context of England there seem to be implemented clearer,
more systematic structures in the organisations. The interview partners in England are, experienced
during research progress, more open-minded in sharing experience and insights than those in Swit-
zerland and Germany. The roles of the responsible persons in the sense of water safety also appear
to be defined more clearly, and anchored in the guidelines and recommendations for those being

responsible.
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England seems to have the greatest potential for finding interview partners who provide insight into
current documentation on the structure of the organisation (job descriptions, water safety plan, water
safety policy, reports, structures, roles and responsibilities). It becomes clear that with regard to a
general awareness of the "process of Legionella prevention”, divided into the logics process scheme
and process managers, there are hardly any starting points for comparing the organisations of the

three countries.

It was also found that roles are clearly defined in England, which contributes collaboratively to water
safety and Legionellapr event i on. I n addition to typical

by rolesd, members (functions) of t(seechapterd.8)elhe
hospitals in the two German-speaking countries differ from the English system in two aspects. On
the one hand, there is a lack of clearly assignable function descriptions of the responsible persons,
or their differentiation and roles are not described as unequivocally as in England. On the other hand,
those responsible from more technical areas of estates/FM of the organisations in Germany and

Switzerland are more subordinated to hygiene (commission) within the organisational structure.

Based on these findings, and in combination with the findings presented in the document analysis
(chapter 7.3), the next steps in the research project were undertaken with a revised focus following

a refined strategy, contextualised to England (UK) and encompassed by a closer aligned methodol-

ogy.

7.3 Phaselaand|bi document analysis (QUAL + QUAN)

This chapter brings together content from the document analysis and illustrates, in particular, infor-
mation on the overarching research topics water safety management process and roles and respon-
sibilities. Charts or schemes that are presented here are anonymised to meet criteria mentioned in
chapter 6.16. Some are considered for delivering content elements of the framework and are indi-

cated with source specific content.

For phase la there were different document classes possible, such as organograms, terms of refer-
ence, organisational structure, WSG progress reports, WSG minutes, water safety plan, water safety
- specific procedural documents, policy. Those documents have been provided by the organisations

in England. The types of additional documents received during the interviews are:

1 Hospital 01, England, 6 additional documents, i.e. Deputy Director Estates role and respon-
sibilities; Existing Estates Structure; New estates staff structure; Organisation structure clin-
ical directorates; Organisational Structure/Corporate Directorate; Water Safety Group TOR
(Terms of Reference).

1 Hospital 02, England, 14 additional documents, i.e. DOH - Health Building Note 00-02: San-
itary spaces; Organisational structures (1 x Estates Facilities Senior Team; 1 x Estates Tree);
3 x Infection Prevention & Control Committee (IPCC) - Water Safety Group i Progress Re-
port; 6 x Water Safety Group Terms of Reference; 2 x CAD drawings of Hot and Cold Water
services.

1 Hospital 03, Germany, no additional documents provided.
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1 Hospital 04, Germany, no additional documents provided.

1 Hospital 05, Switzerland, one additional document, i.e. organisational structure.

1 Hospital 06, England, 4 additional documents provided, i.e. Water Safety Plan (WSP); WSP
Point of use Filtration; WSP Thermostatic Mixer Valves; Water Safety Risk Management
Policy and Procedures

1 Hospital 07, Switzerland, 2 additional documents provided, i.e. Structure Technical Services;
Organigram.

1 Hospital 08, Germany, no additional documents provided.

The roles and water safety group members presented hereafter aretakenf r om t he Wateru men
Safety Risk Management Policy and Proceduresd  ( pl@).of h@spital 06, listed hereafter:

Management responsibilities by roles:

Duty holder, Director of Infection Prevention and Control (DIPC), Lead Infection Control Doctor (Med-
ical), Infection Control Officer, Responsible Person Water (RPW), Deputy Responsible Person Water
(DRPW), External Auditor/Authorising Engineer, Infection Prevention and Control Team (IPCT),
Ward/Department Managers, Estate Maintenance Workers /Contractors, Water Safety Group, Au-
thorised Person(s) (Water), Competent Persons (Water Hygiene Technicians, Plumbers, Manager
(Trust/Contractor), Legionella Risk Assessor, Estates/Engineering Professionals and Managers,

Other Relevant Staff/Contractors, Water Hygiene Contractor.
Water safety group members:

Lead Infection Control Doctor (LICD) (Chair), Director of Estates and Capital Development (Vice
Chair), Head of Operational Maintenance (RPW), Mechanical Maintenance Manager (DRPW), Head
of Infection Prevention Team, Infection Control Officer (Consultant Microbiologist), Managerial Rep-
resentative (Cleaning Services), Head of Estates Maintenance & Chief Engineer, Water Hygiene

Contractor, External Auditor/Authorising Engineer, Clinical Representatives.

A case-ordered matrix as a summary table for structuring and overseeing the content of the docu-
ments obtained during phas la is provided in Table Appendix A-26, which lists the types, titles and
categories of documents for each interview participant of phase la. The elements per row in column
61 D organisationdé i ndex tespective mospiat. With ¢hes expeptiontof az-i p a n
ganisation number 05 there were additional documents obtained from all the interview participants
from the organisations in England. The category types of the documentsc o mpr i se 6 Or gano
6Terms of 6Refbhdobenpeofil e Deputy Director Estates:
group minutesdéd, OWater safety plan and attached

and proceduresd.

A case-ordered matrix as a summary table for structuring and overseeing the content of the docu-
ments obtained during phas Ib is provided in Table Appendix A-27, which lists the types, titles and
categories of documents for each interview participant of phase | b. The elements per row in column
61l D organisationdé index the i nt er Wiheheexpeptiontofor-i pan:
ganisations number 09 and 10 there were additional documents obtained from all the interview par-

ticipants from the organisations.
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For phase | b there were recorded different document classes, such as @olicyd dvater safety plang

dorocess flow chart§ dnstructiond @uidance document§ and disk assessment formé According to their

content the documents are classified into seven different majorc at egor i es, whHh~Naterh ar e
Safety PladamateoP&laif ey y PioRPriacydss 6Plroweslsart 6, 0R
Duty Matrix /St ruct ur e do WCrhtaakidl,i téyAcChart 6, 6Audi t Pl an
e n ¢ €hé list has been developed during data collection and finalised after receiving the last docu-

ments. It was the basis for document analysis.

Table Appendix A-26 and Table Appendix A-27 present the total amount and type of documents
received, listed for phase la and Ib independently. As the list for the documents received during
research phase Ib with including every table of content would effect 49 additional pages in this thesis,
a summary table was favourably compiled. Figure Appendix A-10 picturises the amount of content

in a list.

All the documents had been collected for desk research during the interviews on phase la and Ib.
Decision making of qualifying the document by its type of information was made in a sequential
process order, as described in chapter 6.10.2.2 and at the beginning of chapter 7.3. Seven categories
were seen to be the most frequently occurring and most important terms in the documents with re-
spect to their relevance to management. Table 7-4 details the types and size of documents of phase
Ib that have been considered during analysis and the triangulation process. Table 7-4 must be read
in the following manner: The availability of the documents to the researcher after the interviews phase
Ib are shown in the respective colour, where green indicates that type of document was obtained
from the interviewee and thus, being available for analysis. A self-standing document lists dark green.
When evidence of content for certain document type characteristics were found in a reference doc-
ument, e.g. in WSP or Policy or ToR, the cell is listed bright green, while giving information about
any other presence of specific terms as cross reference in otherdocuments.For cel |l s cont a
there was no such corresponding type of document obtained. Listed is also the number of cumulated
pages of the original documents. Identified as leading documents, a total of seven water safety plans

and nine water safety policies had been received.
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Table 7-4: Additional documents from interview partners received during phase Ib

ID interview partner

09 10
WSP n/a n/a
o | Water Safety Plan
> Policy n/a n/a
c Water Safety Policy
o
= Process n/a n/a n/a
= Process Flowchart
§ Role, Responsibility, Duty n/a n/a n/a
= Matrix / Structure / Chart
= Accountability n/a n/a n/a
& | Chart
E | Audit n/a n/a n/a
S Plan / Report
o ToR n/a n/a n/a
Terms of Reference
0 0 24
Cumulated number of pages of the documents provided for document analysis
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7.4 Phaselbi interview study (QUAL + QUAN)

Extracted and condensed answers on the questions selected for analysis are presented in Table
Appendix B-1 to Table Appendix B-15. The tables present in the left column the hospital ID, which
represents each interview participant, the middle column presents the extract of the specific answer
given, and the right column presents the PESTLE and CTAAPM analysis category that was identified
for the content of the text part. The tables are the parent texts for the further condensed results tables
presented in this chapter, with exceptionof 74146 domi nant topics for WSG m

/ FM&é, for which was found the extracted table pr

During three cycles of analysis, questions 4, 8, 11, 12, 13, 14, 16, 18, 19, 21, 23, 25, 26, 28, 32, 33,
34, and 36 of the interview study phase Ib were seen those with the most relevant content and quality
of answers for contribution in answering the research questions and to build on the framework output.
Each question and the corresponding output of answers from the interviewees are presented in this
chapter, each with a separate heading for a better navigation of the reader. The structure is organised
in a way starting with a header of the original question, followed byast at ement of the r
purpose of analysis, and completes with a summary, followed by a table presenting the extracted
information of the answers assigned the corresponding PESTLE and CTAAPM thematic coding cat-
egories (chapter 6.10.2.1). For questions 13, 14, 25, 26, and 28 the extract of the answers follows
after figures which present specific summaries. For questions 19, 21, 23, 32, and 37 it was possible
to reduce the extract of the answers to a basic minimum and compile a table for each. Table 7-5
presents the selected focus questions. Question 13 and 14, 21 and 23, as well as 25 and 26 are

presented in a combined way in chapters 7.4.6, 7.4.10 and 7.4.11 respectively.

Table 7-5: Selected focus questions characterising eleven hospital cases

Question number | Question content

Q4 Couldyoupleasementi on the Atop 30 of you
ganisation?

Q8 How many people are members of the water safety group?

Q10 Could you please mention potential conflicts or conflict potential about who

is responsible for what? Potential conflicts for carrying out minor tasks:

There are PFIs, Trust, FM companies and Trust estates departments.

Q11 In which way is Legionella a topic of interest in your organisation?

Q12 Coudyoudescri be the way you are acti
systems?

Q13 14 How robust do you assess your Legionella risk management and preven-

tion process ar e -dinicalperspectova)? [Scald-1Md s

Reasons?

Q16 In short words, what is your understanding/definition of
a) a process?
b) a process step?

C) a process owner?
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Q18 Does a common process of Legionella prevention and water safety exist in

your organisation? Why / why not?

Q19 Taken from your experience: Which three things do you think hit strongest
a common process of Legionella prevention and water safety in your or-
ganisation?

Q21 23 Are there management instruments or tools / software that you apply?

Q25 26 In general: how would you rate the following six areas that are assessed

as ficriti cal dnafagement® H £ Bot verg @itical; {3 ¥ moder-
ate critical; 5 = very critical]; Scale 1-5 for each]. Please give also a rea-
son/explanation for each decision.

A) Allocation of responsibilities

B) Training and competence of personnel

C) Control measures

D) Communication and Management

E) Record keeping

F) Reviews

Q28 Are there any comparable elements to the given scheme of governance
arrangements? (Remark: The interview partner was handed a scheme of

governance arrangements, see Figure 7-9, p. 172.

Q32 Which are the dominant topics that the water safety group is confronted

with? Pleasement i on the O6top 506

Q33 Which topics in water safety risk management and prevention of Le-

gionella present the biggest challenges?

Q34 What has been your greatest success / goal you achieved in your organi-
sation within the past 12 months with respect to Legionella prevention and

water safety?

Q36 A rough estimation: How much money do you annually spend for water
safety?
Q37 Is the budget enough to meet the requirements?

7.4.1 Top 3 key functions

4 Whicharet he ftop 30 of your key f®nctions w

Purpose of analysis: Interesting for the analysis is to see the scope of responsibilities being a WSG

member. The focus is on water safety issues being part or not of their work.

Summary: Withthe excepti on of cat amglgsis has found mghéelenaentsifor6 CAc
consideration for the framework. Category nodes and main elements are listed in Table 7-6 (n/a -

not available), an extended table is put in Appendix B (Table Appendix B-1).
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Table 7-6: Category nodes and main elements in answers on question 4, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 3 Managing PFI arrangements
PEc 4 Asset management
PS 0 n/a
L
—l
— PT 6 Estates maintenance; Temperature checks; removal of
V) .
L blind ends
al
PL 9 Compliance; ACoP L8, HSG 274/HTMO04; statutory and

mandatory compliance; Health and Safety Works Act

PEN 4 Test, mai ntain and audit of
CcC 7 Environmental hazards; higher risk areas
CT 3 Risk assessment; Control; categorisation; adhere to regu-

lations and HTMs

> CAc 0 n/a

ol

<< N

< CAw 2 Raising awareness

—

O CP 7 Patient safety; control and manage all engineered services

on the trust; risk; compliance; documentation

CM 9 Risk register, safety; governance; compliance; pipework;

distribution systems; influence and control any alterations

7.4.2 Members of the WSG

8 How many people are members of the water safety group?

Purpose of analysis: Interesting for the analysis is to see how many people, in fact, join the WSG.
According to the HTM 04-01 there are specific roles/responsibilities mentioned. It could be of interest
to see, whether or not certain roles/responsibilities are not represented, either judged by the total

number of members, or the composition of the group.

Summary: Analysis found main elements for consideration for the framework forc at e g drPi6e s
0 P S 6 ,a n@PA@&ategory nodes and main elements are listed in Table 7-7 (n/a - not available),

an extended table is put in Appendix B (Table Appendix B-2).
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Table 7-7: Category nodes and main elements in answers on question 8, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 4 Reporting structures from departments to water safety
group; exception reports; risk mitigation
PEc 0 n/a
L . T
- PS 11 Members in WSG; external auditing independent role; ex-
(|7) emplarily group according to HTM
L
a= PT 0 n/a
PL 1 HTM; appropriate training
PEN 0 n/a
CcC 0 n/a
CT 0 n/a
=
o CAc 7 PFI; reporting
2
- CAw 0 n/a
@
CP 0 n/a
CM 0 n/a
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7.4.3 Potential conflicts: PFls, Trust, FM companies, estates departments

10 Could you please mention potential conflicts or conflict potential about who is responsi-
ble for what? Potential conflicts for carrying out minor tasks: There are PFls, Trust, FM

companies and Trust estates departments.

Purpose of analysis: This analysis focuses on a specific point where it gets complicated. All the
possible lines of responsibility and accountability need to be thought of. This can get very compli-
cated where there are PFls, Trust, FM companies and Trust estates departments. Quite often there
are conflicts about who is responsible for what and ridiculous costs for carrying out minor tasks (be-
cause the PFls and external FM companies work on life cycle costs and manage to justify themselves
this way). This might be a whole can of worms with need to be understood. Consultants have often

been the public health pig in the middle when there have been cases and actions need to be taken.

Summary: The foll owi ng A PFdure g-b) ab extracted froma thegstatendentg given.
It describes dependencies and obligations between different parties. The PFI golden triangle is seen
an important guidance element for being put into the framework to sentisize on the specific situation

with Private Finance Initiatives.

£

Banker

employ
i.e. people

PFI| consortium

Have accountable systems in place or it becomes contractual difficult

Water
management
provider

Figure 7-1: The "PFI golden triangle"
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Analysis has found the main elements for consideration for the framework. Category nodes and main

elements are listed in Table 7-8, an extended table is put in Appendix B (Table Appendix B-3).

Table 7-8: Category nodes and main elements in answers on question 10, phase | b

Analysis

Category

Occur-

rence

Identified main elements and consideration for framework

PESTLE

PP

Risk management; PFI provider

PEc

21

Trust finances for water systems is the only real conflict; FM
compani es; Trustds responsi
escalated further up the management chain; contractual;

PFI golden triangle

PS

14

FM company; roles and responsibilities; misalign with the

Estates strategy; Trust Estates Department

PT

Maintenance contract; approved provider; stakeholders;

systems are adequately financed; maintenance; life cycle

PL

17

Meet the necessities in place; liability; flushing the outlets;
current standards; water safety; strategies; policies; make
the most money while staying compliant; third-party-man-

aged sites; landlord sites; PFI; good trust checking

PEn

12

Pseudomonas aeruginosa; FM; 30 years time; robust pro-
cess; won't consider all of the outlets; other wards; system
surrounding them; isolated project; considering the whole

system

CTAAPM

CC

22

Minimum requirements; fulfil requirements; contract con-
temporary; current legislation and guidance; risk; deci-
sion's made; due process of spending money; getting in-
formation; service failure points; monitor; lease agree-
ments; control; correct flow rates; FM provider on the

sites, Estates team
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CT 21 WSG; governance is right; issuing penalties; warning notes;
temperatures; feasible, practicable, and reasonable;
maintenance contract; approved provider; equipment man-

ufacturers who use water in their system

CAc 21 Interest to find problems and issues; Health Technical
Memorandum (HTM); operation Estates team; microbiol-
ogy; director of infection prevention control; testing for Le-
gionella; evidence; risk assessed appropriately by authoris-

ing engineer; major refurbishments; management company

CAw 20 Proceed without adequate process; PFlI companies are
very much, ask for evidence; partiesjustar en6t c o
Patient care and patient centred service is well done; prior-
ity list; skill and experience; proactive; water cooler; princi-

ples of engineering; meet requirement

CP 8 Current standard; responsibility

CM 30 Conflicts; PFI agreement, communication; contractual
loops around ability between the client and the service
provider; good governance arrangement with FM provider;
a due process; day-to-day management and work; tem-
peratures or pressures; outsources their entire manage-
ment and maintenance of their estate to a profit oriented
company and external consultancy company; third-party-

managed estate; wholly-owned premises

7.4.4 Legionellai atopic of interest

11 In which way is Legionella a topic of interest in your organisation?

Purpose of analysis: Interesting about this analysis is the extent to which the topic of Legionella is
taken up in the organisations. The researcher hopes that the nature of the question will provide clues
about the subject areas, the awareness of those people responsible, the organisation of people and

processes involved and identify elements of the process.

Summary: With the exceptionofc at egori es OPEc6, OPTO6 and 6CTH
for consideration for the framework. Category nodes and main elements are listed in Table 7-9 (n/a

- not available), an extended table is put in Appendix B (Table Appendix B-4).
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Table 7-9: Category nodes and main elements in answers on question 11, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 3 WSG; microbiologist; monthly reports; permissions in com-
munication to external; topic of interest in understanding at
board level; PHE
PEc 0 n/a
L PS 10 Water management committee; Legionella and Pseudo-
—l .
— monas; staff at risk
9p)
E PT 0 n/a
PL 3 Law; compliance; NHS; lack of control
PEnN 4 Water contaminants; set of requirements; single pipe sys-
tems with no returns; maintain by temperature; critical care
areas
CcC 2 Compliance; scheme of control
CT 0 n/a
CAc 1 Microbiologist
=
a3 _ . -
< CAw 1 Management team negating their duties and responsibili-
|<_E ties
o
CP 2 E-mail alert; risk management assurance committee
CM 10 Outlets of the system; report; compliance; different hierar-
chies; Health and Safety committee.
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7.4.5 Managing water systems

12

Canyoudescri be

the way you are actively?m

Purpose of analysis: Interesting about this analysis is to find evidence about the management pro-

cedures of the people responsible.

Summary: Analysis has found main elements for consideration for the framework. Category nodes

and main elements are listed in Table 7-10, an extended table is put in Appendix B (Table Appendix

B-5).
Table 7-10: Category nodes and main elements in answers on question 12, phase | b
Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 1 External scrutiny from the environment agency
PEc 3 Make people aware; hot water generation
L
I:I PS 11 Reassurance; monthly basis; meeting; board level; Chief
(7)) Executive's level; water safety group should meet on a
E quarterly basis; should attend that meeting
PT 2 Thermal disinfection; temperature checks; entire domestic
hot water system in most problematic wing
PL 10 A schedule and an escalation level; process of Legionella
prevention; ACoP; HTM 04-01; good-practice documents;
flush taps; store water at above 60°C; guidance note
PEn 4 Action plans; very high-risk areas, hot water generation;
flushing regimes; testing
CcC 4 Temperature checks; sentinel outlets, constraints of L8;
s HTM 04-01 gives a lot more detail around healthcare
o premises than the ACoP L8; HSG274. water safety within
< healthcare premises
<C
—
@) CT 2 Look at the entire system from the point where it enters the
site through to the point where the end user's using it
CAc 9 Water flushing; holistic perspective; roles and responsibili-
ties within the HTMs; authorising engineer is the independ-
ent advisor
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CAw 3 Planned preventative maintenance; collaborative process;

responsibility; sending people on training courses

CP 10 Regular sampling; microbiological testing; risk; cost; pro-
active with Legionella sampling; risk assessments; plan
schedules; testing regimes; planned preventative mainte-

nance; dead legs; remedial work scheduled

CM 15 Overseeing a water safety contractor; sufficient schemes
of control; auditing wards for scale and flushing; contractor
performance; temperature monitoring; action plan; log
book; changed management structures; old management;
mismanagement; risk assessments; trained, accredited,

and authorised

7.4.6 Robustness of Legionella risk management and prevention process

13, 14 From a scale 1 to 5, where 5 is highest, how robust do you assess your Legionella risk

management and prevention process are at present? Reasons?

Purpose of analysis: Interesting for the analysis is the rating on the one hand, and the exact reasons

for the robustness of the prevention process on the other hand.

Summary: With respect to the robustness of Legionella risk management and prevention process,
one hospital scales a 0t whbds mintdaltshrreaenk aa ko fao Wwrt &

cating the highes value for robustness for hospital 11 (Figure 7-2).

Robustness of Legionella risk management and prevention process [Scale 1-5]

D01 ID 02 D03 ID04 ID 05 ID 06 D07 D08 ID 09 ID 10 D11

Figure 7-2: Robustness of Legionella risk management and prevention process, scale levels from 1to 5

The focus of further analysis is put on the extrinsic perspective on the process of water safety man-
agement and Legionella prevention, which applies PESTLE analysis. No CTAAPM analysis was
done as it is designed for the intrinsic perspective with focus on stakeholder managing processes.
Analysis has found main elements for consideration for the framework. Category nodes and main

elements are listed in Table 7-11, an extended table is put in appendix B (Table Appendix B-6).
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Table 7-11: Category nodes and main elements in answers on combined questions 13 and 14, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 10 Reviewed; conducting audits; external assurance; robust

process; risk assessments

5 PEc 2 Gaps; sufficient budgets; resource availability

—

ﬂ PS 6 Appointing an external, independent authorising engineer
ol on water; water hygiene services; training documentation;

method statements, risk assessments; annual water sys-

tems audit; external auditor

PT 8 Testing for Legionella;, temperature; flushing regime; tank
cleaning; return water temperatures; finances do play a
major part; taps that were incorrect; daily checks; building

management system

PL 12 Primary legislative guidance; design and operational man-
agement part; Legionella levels above what is acceptable;

quality standards

PEn 13 Flushing challenges; risk assessment, identifying little-used
outlets, critical care areas; immunosuppressed people; iso-

late areas; install filters to the taps

7.4.7 Common understanding of a process

16 In short words, what is your understanding/definition of a) a process, b) a process step, and

C) a process owner?

Purpose of analysis: Interesting for the analysis is the understanding of the three terms from respon-
sible persons (here, the interview partners). It may give an answer on whether or not there is a
common understanding in the definition of a process. It further may specify subtle distinctions in the
understanding or interpretation of the meaning, which potentially has an effect on the overall process

thinking and the awareness of the different roles.

Summary: The focus of further analysis is put on the extrinsic perspective on the process of water
safety management and Legionella prevention, which applies PESTLE analysis. No CTAAPM anal-
ysis was done as it is designed for the intrinsic perspective with focus on stakeholder managing
processes. To narrow down a common understanding of the meaning of process, process step and
process owner, participants of hospital IDO1 and ID0O8 conclude precise and brief definitions in the

understanding of process management.
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Every reply and interpretation from the interview participants bears interesting and comprehensible
thoughts. Analysis has found main elements for consideration for the framework for categories 6 P S 6
and @ @ategody nodes and main elements are listed in Table 7-12 (n/a - not available), an ex-

tended table is put in Appendix B (Table Appendix B-7).

Table 7-12: Category nodes and main elements in answers on question 16, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 0 n/a
PEc 0 n/a
PS 11 Process step; hierarchy. responsibility for that process;

processes are designed around the HTMO04; hard FM pro-
vider then will have to inter-provide to our model to allo-
cate whose responsibility is that; processes through policy
and procedure; a standard operating procedure; terminol-
ogy; a document that outlines who the process owners are

not only in terms of the individuals or the roles, but in

PESTLE

terms of the functions and the departments; water safety
team will own the processes; it's not schematic, it's written;

guiding document; described in the water safety plan

PT 0 n/a
PL 0 n/a
PEn 11 Same nodes and main el ement

7.4.8 A common process Legionella prevention and water safety

18 Can you explain why / why not a common process of Legionella prevention and water safety

does exist in your organisation?

Purpose of analysis:

Interesting for the analysis is whether or not there is recognised a major process of water safety and

Legionella prevention in the understanding of the managers.

Summary: Analysis has found main elements for consideration for the framework. Category nodes
and main elements are listed in Table 7-13, an extended table is put in Appendix B (Table Appendix
B-8).
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Table 7-13: Category nodes and main elements in answers on question 18, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 2 People available; a lot to balance
PEc 2 Budgets available
PS 6 Water safety plan; defined different process steps; com-
W mon processes across the board in the trust
—l
(IT'J PT 1 Outsource the technical services part
L
al PL 5 HTM; guiding document; processes and responsibilities;
ACoP. those documents (HTM, HSG, ACoP) give a kind of
starting point how to find access to generalise a process;
it's essentially HTM that w
PEnN 2 Temperature monitoring; Legionella monitoring process
cC 1 Generalisation is not a good option for each site or ward
CT 1 Good engineering
CAc 2 Shared processes between various hospitals within the
trust
CAw 5 Building adaptation; new construction, new building, or new
s wing; would expect that the designers, being engineers,
o would understand the healthcare technical memorandum
< . . _
< concerning design of domestic water systems and would
5 sufficiently understand to be able to design and construct a
safe system; test your process; water safety policy; water
safety plans; process owner; same access to knowledge
CP 5 You shouldn't try and force a process into a system; water
safety policy dictates what we do and how we do it
CM 11 Process; 6 ma n a g € t@renindlo@y thing; controlled doc-
ument; water safety plan; water safety policy
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7.4.9 Top three arguments hitting strongest a common process
19 Taken from your experience: Which three things do you think hit strongest a common

process of Legionella prevention and water safety in your organisation?

Purpose of analysis: Interesting for the analysis is to find evidence on currently experienced process

inhibitors and if there are potential elements indicated likewise by the majority of the participants.

Summary: The top three arguments hitting strongest a common process water safety are presented

in Table 7-14. No arguments were given by interview participant of hospital ID04, one argument was

given by interview participant of hospital IDO3( 6 n/ a 6

means.

not

Table 7-14: Top three arguments hitting strongest a common process water safety

ID hospital | No.1 to hit process No.2 to hit process No.3 to hit process
ID 01 Communication Knowledge of present | Information is freely avail-
state and being informed | able to the water safety
about outcomes group
ID 02 Patient safety Flushing little used outlets | Defect reporting
ID 03 Have references from es- | n/a n/a
tates, the authorising en-
gineer
ID 04 n/a n/a n/a
ID 05 Proving t hat |Identification of little used | Biannual inspection
turn water temperatures at | outlets
every part of the system
ID 06 Having a temperature re- | Water circulation / move- | monitoring
gime that meets the ap- | ment
proved code of practice
and the HSG.
ID 07 Setting up of the water | Testing regime and docu- | Positive feedback from
safety group mentation the Chief Executive
ID 08 Flushing Temperature monitoring Positive count reporting
(microbiological monitor-
ing)
ID 09 Acknowledgement at a | Temperature testing Legionella testing
senior level

Liverpool John Moores University

PhD Thesis

availabl e)




Results and analyses 165
ID 10 Risk assessments Scheme of control Temperature testing
ID 11 Testing Monitoring Recording

Further analysis has found additional main elements for consideration for the framework. Category

nodes and main elements are listed in Table 7-15, an extended table is put in Appendix B (Table
Appendix B-9).

Table 7-15: Occurrence of category nodes in answers on question 19, phase | b

Analysis | Category Occurrence | Analysis | Category Occurrence

PP 2 CC 6
PEc 2 CT 1

LLl =

— PS 2 o CAc 2

= <

n <C

L PT 4 = CAw 3

a® O
PL 1 CP 8
PEnNn 4 CM 12
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7.4.10 Application of management instruments, tools, software

21, 23 | Are there management instruments or tools / software that you apply?

Purpose of analysis: It is interesting to get evidence on currently applied management instruments

and tools / software in organisations.

Summary: Table 7-16 presents management instruments, tools and software being in use, that have

been mentioned by the eleven interview participants. The original table for analysis is put in Appendix

B (Table Appendix B-10).

Table 7-16: Management instruments or tools / software in use

Hospital ID | Management instrument, tool, software

ID 01 ZetaSafe®

ID 02 1 Asset management system with planned maintenance tasks and reactive

maintenance tasks

1 L8 guard (flushing software system)

ID 03 ZetaSafe®

ID 04 Process-led Datix & wide risk register

ID 05 Estates Management Computer System (maintenance tasks PPM)

ID 06 Helpdesk, CFM, CMMS

ID 07 ZetaSafe®

ID 08 Assignment matrix (Clearwater)

ID 09 Software management systems since two years looking at sentinel points, temper-
ature monitoring, laboratory results (Legionella testing)

ID 10 CAFM, i.e. Micad Property Management Software

ID 11 Maintenance portal system dor delivery and maintenance work inPPM

Analysis has found main elements for consideration for the framework for categories 6 PE c 6 ,

and .6Catbgory nodes and main elements are listed in Table 7-17 (n/a - not available), an ex-

tended table is put in Appendix B (Table Appendix B-11).

Table 7-17: Category nodes and main elements in answers on combined questions 21 and 23, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
L 0 n/a
—l
= . _ _ _
V) PEc 1 Cost can be quite considerable. The question then is what's
E the benefit to spending £100,000 on a system
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PS 0 n/a
PT 0 n/a
PL 0 n/a
PEnN 1 Desktop exercise to assign a war; high, medium, or low pa-

tient risk; clinical risk rating; extract out of the risk assess-
ments; determine an engineering risk; between the two then
compare that to how many defects have been reported on

that risk assessment

CTAAPM

CcC 0 n/a
CT 0 n/a
CAc 0 n/a
CAw 0 n/a
CP 1 Clinical risk rating; risk assessments; determine an engi-

neering risk; Escalation level; proactive management;
Helpdesk is ineffective for corrective maintenance or

breakdown activities; moving into an assignment matrix

CM 0 n/a

7.4.11 Six critical areas for water safety management

25, 26

On a scale from 1 to 5 - where 1 is not critical 3 moderate and 5 very critical - how would
you rate the following six areas that a

ment? Reasons?

Areas: A) @llocation of responsibilities§ B) draining and competence of personnel§ C)
&ontrol measuresd D) &€ommunication and Management§ E) dkecord keepingd F) dre-

viewso
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Purpose of analysis: Interesting for the analysis would be collecting specific examples from organi-
sations to give a better understanding on the interpretation of the different 'areas’ as well as evidence
by responsible persons in organisations speaking from their experience/perspective (here: the inter-

view partner). Itpresentssome aspects that are assessed as.fAcri

Summary: Al | ocation of responsibilities is rated 6éver
ated by one and between o6verFgue73).ti cal 6 and &émode

Allocation of responsibilities

ID 01 1D 02 ID 03 ID 04 ID 05 ID 06 ID 07 ID 08 ID 09 ID 10 ID 11

Figure 7-3: Rating of @llocation of responsibilites6 (5 i s very crlisrotcrital 3 i s mode

Training and competence of personneli s r ated oO6very critical andbey ei g
t ween o6very critical Bguain4. ¢ moderated by three (

Training and competence of personnel

ID 01 1D 02 ID 03 ID 04 ID 05 ID 06 ID 07 ID 08 ID 09 ID 10 ID 11

Figure 7-4: Rating of draining and competence of personneld6 (5 is very critical, 3 is

Control measuresisrated Overy critical d by seven of el even
O0moderated by three Fguwa/-5hmoderated by one (
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Control measures

ID 01 1D 02 ID 03 ID 04 ID 05 ID 06 ID 07 ID 08 ID 09 ID 10 ID 11

Figure 7-5: Rating of @ontrolmeasures6 (5 i s very critical, 3 is moderate,

Communi cation and management is rated o6very

6very criticaldéd andodmoadé¢redFigue7Bhremee (and 0

Communication and management

ID 01 1D 02 ID 03 ID 04 ID 05 ID 06 ID 07 ID 08 ID 09 ID 10 ID 11

Figure 7-6: Rating of @ommunication and managementd (5 i s ver y ctg 1i$notceital) 3
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Records keeping is rated 6very criticald by six c
erated by four ankguémd)der ated by one (

Records keeping

ID 01 1D 02 ID 03 1D 04 ID 05 ID 06 ID 07 ID 08 ID 09 ID 10 ID11

Figure 7-7: Rating of decords keepingd (5 i s very critical, 3 is moderate,

Reviews is rated o6very criticalo by foubtmotileebteew

by three, O6moderated by Fidgued®&. and 6énot criticald
Reviews

ID 01 ID 02 ID 03 1D 04 ID 05 ID 06 ID 07 ID 08 ID 09 ID 10 ID 11

Figure 7-8: Rating of geviewsd (5 i s very critical, 3 is moderate, 1 i

Analysis has evidenced how professionals at management level rate the aforementioned six main

elements. They will be considered for the framework as critical elements need guidance.

The occurrence of category nodes for the answers in a combined analysis for question 25 and 26
identified are listed and hichlighted in Table 7-18 indicating the category nodes and Table 7-19 indi-
cating the orrurence. An extended table is put in Appendix B (Table Appendix B-12).

Table 7-18: Category nodes in answers on combined question 25 and 26, phase | b

Area Category nodes
Allocation of responsibilities PS, CAc
Training and competence of personnel CAw
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Control measures CcC

Communication and Management CC,CM

Record keeping CC, CAw

Reviews CAw, CP

Table 7-19: Category nodes and main elements in answers on combined question 25 and 26, phase | b

Analysis | Category Occurrence | Analysis | Category Occurrence

PP 0 CcC 21
PEc 0 CT 0

Ll =

| PS 9 o CAc 9

= <

n <

L PT 0 = CAw 20

o= @)
PL 0 CP 8
PEn 0 CM 6

7.4.12 Governance arrangements scheme

Previous to the compilation of the following governance arrangements schemes, there was a step-
wise collection and preparation of data necessary. The whole entity for data analysis here is repre-
sented by the data provided by the 11 interview participants of phase Ib. For the interviews there was
provided a structured scheme based on preliminary results. It was presented to the interviewee to
quest the structure of governance arrangements against the scheme provided by the researcher.
Differences and changes compared to the original scheme are indicated in a different colour. Where
elements of the provided scheme are met, the blue colour peristed. Where differences were detected,
a bright grey colour is given as a placeholder to compare the respective governance arrangements
scheme of the interviewed person. Evidence found in this chapter address organisational aspects
(organogram structure) and directions of communication. Findings presented here have been con-
sidered for compiling the framework elements #5 management hierarchies, and #7 communication

pathways.

28 Are there comparable elements to the provided scheme of governance arrangements?

Purpose of analysis: The scheme in Figure 7-9, originated in WSPolicy/WSPlan of hospital ID11 and
found during document analysis of phase | b, was provided to the interviewees in order to analyse
and feedback the structure of their specific governance arrangement, reflected from their profes-
sional context. The scheme provided is to be understood as reference on which the interviewees

comment and describeit he i g @ n i ssehenmeasvelbas possible.
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It focuses on the positioning and the function of the WSG. Either the interviewees offered or were
requested to send any supporting material or document containing a scheme, which could be refer-
enced during document and further analysis of this research. These were shown in chapter 6.9.4.
On the basis of the oral information received during the interview, a simplified scheme was drawn for
each interviewee. The job descriptions of the interview participants, which characterise the individual
perspective from an estates and facilities management context, are characterised in Table Appendix
A-15.

Summary: The following explanations give advice on how to read and interpret the results presented

in the following sections:

1 Firstly an individual scheme is presented that was compiled according to the given answers
and/or supplementary information gained through document analysis. Where possible, sim-
ilar structures compared to the presented scheme of the interview were presented in the
same arrangement of the referenced scheme, whereby differences, e.g. omissions, from the
reference scheme are indicated in bright grey in the same scheme. Additional elements,
different labelling or different communication pathways are highlighted in blue. Each scheme
is the result of an intense analysis bringing together structural, ordering and logical elements.
Bidirectional arrows show information flow, one-directional arrows show reporting structures.
Dotted lines indicate a more informal way of communication whereas full lines indicate sys-
tematic and structured ways of communication, regulated and described in a policy. Defined
frames mean clusters of responsibilities and collabpration and white boxes provide additional
specific information on roles.

1 Secondly an additional explanation contain the essence of the intervieweed s ¢ 0o mme
the main differences compared to the provided scheme. In chapter 8.1 a summarising
scheme for framework output is compiled while acknowledging the results and considering
the schemes of document analysis (chapter 6.10.2.2). The resulting scheme in the frame-

work represents an amalgamed version with the potentially highest level of completeness.
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Quality Governance
Steering Group

Policy Review and
Monitoring Group

Estates Compliance Infection Prevention
and Governance and Control
Group Committee

Corporate Health and
Safety Committee

Environmental

Water Safety Grou
Steering Group ¥ P

Figure 7-9: Governance arrangements scheme provided for comparison

Additional explanation on the scheme in Figure 7-9 is: The water safety group is a sub-group of the
Infection Prevention and Control Committee (IPCC). The Estates Compliance and Governance
Group (ECGG) informs the Corporate Health and Safety Committee (CHSC) and reports on compli-
ance to the Quality Governnce Steering Group (QGSG). There is estates and infection prevention

representation on the Environmental Steering Group (ESG) and the Corporate Health and Safety

Committee.

Quality Governance
Steering Group

Policy Review and
Monitoring Group

Estates Compliance Infection Prevention
and Governance and Control
Group Committee

Corporate Health and
Safety Committee

Envi tal
b Water Safety Group

Steering Group

Figure 7-10: Governance arrangements scheme interview participant hospital IDO1
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Additional explanation on the scheme in Figure 7-10 is: It matches roughly. The water safety man-

ager is connected closely to all of these groups mentioned in the scheme. The water safety group,

the one place that all meet, meets on a monthly or two-monthly basis. There are around nine meet-

ings a year. For the management hierarchy of the WSG, see excerpts of documents 6 wat er

pol aaygd 6 wat er, menfioeed yn chaptes 13 interview phase Ib (Table Appendix A-27),
hospital ID 01.

Water Safety Management
I

Quality and Safety
Committee

Quality Governance
Steering Group

Estates Compliance
and Governance
Group

Corporate Health and
Safety Committee

Environmental
Steering Group

Board for Clinical

Infection Prevention
and Control
Committee

Water Safety Group

Figure 7-11: Governance arrangements scheme interview participant hospital ID02

Additional explanation on the scheme in Figure 7-11 is: Quality and Safety group is the direct line

to the board for clinical. Governance has been restructured recently. Quality and Safety Committee

is a new concept, recently in the last six months, just to give that high-level view of Quality and Safety

to the board. The whole point for the water safety management is to protect the patients, which is

clinical, s o

that has to be reported to the Department of Health.

that s t he
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Quality

Health and Safety Infection Control
" Estates g
Committee 3 Committee

Figure 7-12: Governance arrangements scheme interview participant hospital ID0O3

Additional explanation on the scheme in Figure 7-12 is: The Water Safety Group (WSG) falls into
Infection Control Committee (ICC). The top committee is the Quality Governance Steering Commit-
tee (QGSC) one, followed by Infection Control and then Estates and Water Safety Group feed into
that. More details are available from excerpts from the water safety policy, mentioned in chapter 7.3,

interview phase Ib (Table Appendix A-27), hospital ID 03.

PFI FM/Estates
Provider

Infection Control Water Management
Committee Committee

Water Safety Groups
1-n

Approved person provides
exception reports

Figure 7-13: Governance arrangements scheme interview participant hospital ID04

Additional explanation on the scheme in Figure 7-13 is: There are issues with water safety, which
the Infection Control Committee (ICC) would be interested in. Within the existing policy the roles and
responsibilities are quite clear, that's because there are lots of hospitals having local water safety

groups. Specifically to the different groups there are highlighted:
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1 Water Management Committee (WMC). It could be implemented trust wide as an organisa-
tional group. The formal meeting is with full change of reference The water management
committee is quite structured. It tends to look more intrinsically at the trend analysis. It's not
designed for getting new data. It's designed so that it governs, makes sure governance is in
place or any long-term things, trends are observed and responded to, or any when new
innovations are looked at. And so it's the best angle of effective governance and escalation.

1 Water Safety Groups (WSGSs). They are acting locally on the hospital sites (=site-based).
They are interested in the business of their own hospital and organised less formal than
WMC. They tend to be more reactive. They are set up sometimes to deal if there was an
irregular water sample, it would be appropriate for the water safety group to set an impromptu
meeting to discuss the problem, to analyse the risk, and to agree to a strategy for dealing
with that problem.

1 Infection Control Committee (ICC). If there are risks that are not - or the water committee
feels that they're not - fully mitigated, or there are trends causing concern, then those issues
would be escalated to the Infection Control Committee (ICC), which is a broader body of
people. In it there sits the chief nurse, who also sits in a local WSG. The ICC deals with the
pertinence of infection control.

1 Private Finance Initiative (PFI). PFI creates an ambiguity in those responsibilities because
according to the contract, the PFI agreement, there's an estates provider who sits alone,
almost, outside of the trust. That can be problematic in terms of the communication. It can
create contractual loops around the hosp i t a |l 6 s ahlolity betwean she élisnt and the
service provider. Relationships must be better than that. An organisation should be managed
to put those issues to one side. Good governance arrangement on this particular matter with
the FM provider are to be achieved.

1 Contractors (Estates provider). It requires modification of old contracts as historical artefacts
to take account of the current situation. Communication and management combined be-
tween the different stakeholder groups. From an organisational governance perspective it's
very important. People responsible would seek assurance, they would want to see evidence

of processing and evidence of good management.

More detail s ar e Water dlygieree Mhnagement dResponsibidity Siructured f r om i |

terview partner hospital ID 04, mentioned in chapter 7.3, interview phase Ib (Table Appendix A-27).
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Senior Management

Team

Chaired by chief exec COO

A

| Receives exception reports |

Corporate Risk Review Providing a Safe
Group Environment Group

Estates Management

y Facilities Management

Infection Prevention
and Control

Committee

Water Safety Group

Figure 7-14: Governance arrangements scheme interview participant hospital IDO5

Additional explanation on the scheme in Figure 7-14 is: There is a Corporate Risk Review Group

(CRR) that looks at the risk factors from every department across the organisation.

Water safety policy is reviewed by the Water Safety Group (WSG). They are responsible for ensuring
that the policy is up to date, that it is reviewed every two years, that it reflects external guides and
some best practice, and they own that policy. A reviewed version then will be fed into Providing a
Safe Environment Group (PSE), which ratifies the new version. So the WSG will own the policy, but
cano6t just work in isol

send an exception report to Senior Management Team (SMT) to inform SMT that the policy is in-

date and properly managed.

on. They

have to
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Infection Prevention
and Control
Committee

Water Safety Group

Figure 7-15: Governance arrangements scheme interview participant hospital IDO6

Trust Board

Additional explanation on the scheme in Figure 7-15 is: *All the groups that are mentioned in the

provided scheme are also relevant in our organisation. It would be organised in a different way. For

that, see trust organogram (water safety), mentioned in chapter 7.3, interview phase Ib (Table

Appendix A-27), hospital ID 06.

Trust Infection Control

Committee

Member: Acting Head of PPM

Quality Governance
and Control Group

Health and Safety Infection Control
Committee ; Operational Group

Member: Acting Head of PPM

Estates Compliance

and Assurance Group Water sefcty GioLp

Member: Acting Head of PPM

Figure 7-16: Governance arrangements scheme interview participant hospital IDO7
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Additional explanation on the scheme in Figure 7-16 is: For detailing organisation specific proce-
dures, there will be diagrams and matrices which show the processes. There will be a water safety
plan (management plan), the constitution of the water safety group, the process of monitoring com-
pliance and effectiveness, and the communication pathways of the management approach for water
hygiene. For that, more details are available from the documents considered for analysis mentioned

in chapter 7.3, interview phase Ib (Table Appendix A-27), hospital ID 07.

Governance Steering Director of Infection
Group Prevention

Review and
Monitoring Group

Estates Compliance
and Governance

Infection Prevention ] Healthcare Associated

Safety Committee Group and Control Group Infections Committee

Corporate Health and

Water Safety Group

Figure 7-17: Governance arrangements scheme interview participant hospital ID0O8
Additional explanation on the scheme in Figure 7-17 is: Basically, the structures or the names of
the groups are comparable. Health and Safety is represented corporately in the other groups. There

are shared responsibilities, they do go across the organisation.
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More details are available from excerptsf r om t he policy AThe safe
mentioned in chapter 7.3, interview phase Ib (Table Appendix A-27), hospital ID 08.

Director of Estates
(an exec director)
i
Hard Facilities _
S (an assistant director) Quality Governance e
=Deputy 1 Steering Group

Soft Facilities
mmw  (an assistant director)
=Deputy 2

_Estates- / Estates Compliance Infection Prevention
(an assistant director) gy / Steering and and Control
=Deputy 3 Governance Group Committee
/
Contracts team =

Figure 7-18: Governance arrangements scheme interview participant hospital ID0O9

advice

Additional explanation on the scheme in Figure 7-18 is: In terms of water safety, the Water Safety
Group (WSG) would be central. So it's in the WSG that the strategy for how we're going to deal with
our water issues is decided upon. This group assurance is given to the board of directors. As to
whether or not we are moving in the right direction, whether we are doing everything we can do, and
it's in the same group that any failings come to light through the board's interaction with the external
authorised engineer and any other external bodies that we work with. The WSG is very much central
to how water safety is run. The other groups have input into that WSG for example, the Estates
Compliance Steering and Governance Group (ECSG). The scheme provided is different to the clini-
cal parts. The director of nursing, our clinical groups, would interact but they sit in WSG. They sit in
on the WSG but they rely on the advice from the Infection Prevention and Control Committee (IPCC).
So IPCC will tell them whether or not it's scientifically safe, whether or not there are any problems
from a scientific point of view but, yeah, they don't speak completely for the clinical team. So if the
clinical team want to, then they can ignore the IPCC if they think that what's being said is unreason-

able.
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Quality Governance

Duty Hold
Steering Group Ay e

Responsible Person

Estates Compliance Infection Prevention
and Governance and Control
Group 3 Committee

Corporate Health and
Safety Committee

Water Safety Group

Head of Estates

LK

Microbiology

IPCC

Authorising engineer of water

Water contractor

X A A 4

Housekeeping

Trust risk manager = Risk Directorates

Figure 7-19: Governance arrangements scheme interview participant hospital ID10

Additional explanation on the scheme in Figure 7-19 is: The water safety group does not report into
infection prevention and control committee because the water safety group would be made up of
more people from infection prevention and control. It is that it's only infection prevention and control
who should be part of the water safety group. They're the only group that can confirm whether or not
a space is available for clinical practice or clinical service delivery. If there's any issue about a ward
area or a space, it's infection prevention and control that would make that decision, to say, "Yes, we
can't use this space, or this bay, or this ward, or this room at the moment.” It would not be estates
that made that decision. Now, me as a senior estates manager, it wouldn't be me that said, "Right
now, we can't let-- the patients are going to have to be moved. We can't use this area or ward at the
moment. We'll have to move all the patients out." That's not where the responsibility lies, that lies
with the infection prevention and control. And the funny thing is that, my partner, my fiancee, she is
infection prevention and control, and she's got a master's in infection prevention and control. She's
very passionate about the patients and about the control measures around infection prevention and
control. And that's actually been published five or six times already on cannulation, which sticking
needles in people. They're quite a tough bunch, actually. So the water safety here would not report
into infection prevention and control because they would be part of that group. Also, | think that the
water safety group would report directly to the holder. And the water safety group would, we'd invite
the duty holders to be there, but they might not turn up. But I'm just trying to drill all of this structure
while we're talking. The head of estates would be at the meeting. Microbiology would be at the meet-
ing. Infection control would be at the meeting. And the authorising engineer of water would be at the

meeting. And then probably, a representative from the water contractor.
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And so there'd be a number of professionals at that meeting, that the results would report to the duty
holder. But as I've said before, the duty holder's responsibilities are divulged to the responsible per-
son. I'm the deputy to the responsible person. But one of the key areas-- and maybe part of the
housekeeping team would be there because they'd be doing the cleaning method statement that's
agreed to, or maybe part of the self-services would be at the meeting as well because they manage
cleaning. And | think that the estate's compliance and governance group-- the water safety group

would be part of compliance because water safety is part of compliance.

| don't want to, personally or even as a professional in post, taking onboard all of that risk myself. |
want to share the news and share where we're up to, and make sure that the right resources are
allocated to the issues. For instance, the issues identified within the building, water risk assessments.
It's no good to identify something and have a risk assessment when you're actually not doing any-

thing about it. You've got to get on with those things.

Somebody from the risk directorates, the trust risk manager, would be at the water safety group as
well. So we've got no quality governance steering group at the moment, but to be honest, I'm just
building the blocks to build up compliance within this trust. They're so non-compliant, it was surpris-
ing. It's the worst trust I've ever been to, the levels of non-compliance. So I'm really getting those
solid building blocks in place at the moment. So just at the moment, we haven't really got that struc-
ture. The water safety group would really be the completely centred group because they've different
responsibilities, and responsibility will be shared. But everyone has to take his or her part with their
respective background. And those responsibilities are clearly defined within the water safety policy.
And the water safety plan that I'm just building at the moment. A combination. The policy and the

water safety plan in combination could be relevant, which is called the scheme of control.

Policy Assurance
Model

Quality

Compliance and .
Governance Group

Health and Safety Estates

Performance

|
|
|
|
|
|
Health and Safety |
|
|
|
|
|
|

Environmental Energy Group Water Safety Group
Water Management
Steering Group Gas, Electricity, Water e

A

m

Figure 7-20: Governance arrangements scheme interview participant hospital ID11
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Additional explanation on the scheme in Figure 7-20 is: Legionella usually comes under either the
water management group, obviously, and it's also an agenda item under the hospital's health and
safety committee. So it figures under both. Policy review, that's certainly done by me on water sys-
tems. For Environmental Steering Group (ESG), minutes are maintaned. Not a delegate is sent, but
Estates puts input outside their meetings to assist that committee. The policy assurance model
(PAM) is a bit like a mix of some of those in the provided scheme, with quality, health and safety,
performance. So it's a bit of a mix of all three. And then we have standard management meetings
that can cover anything, and that can include water. The scheme you've got there is similar to what
we have here. I'm not going to say it's exactly the same, but it's very much similar in terms of the flow

process that you've got there.

More details are available from excerpts from the water safety plan, mentioned in chapter 7.3, inter-
view phase Ib (Table Appendix A-27), hospital ID 11.
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7.4.13 Dominant topics for WSG members from Estates / FM

32 Which are the five dominant topics the water safety team / group is confronted with?

Purpose of analysis: Interesting for the analysis is to find evidence on currently experienced dominant topics and if there are potential elements indicated likewise by the

majority of the participants.

Summary: Table 7-20 lists the five dominant topics from each hospital. Instead of five dominant topics interview participants of hospital IDO7, ID0O4 and ID02 responded four,

three and two dominant topics, respectively. Corresponding ’ESTLE6and &CTAAPMbanalysis category codes are indicated for each hospital ID in the lines following the

hospital ID number.

Table 7-20: Dominant topics a water safety team / group is confronted with

ID hospital | #1 dominant topic #2 dominant topic #3 dominant topic #4 dominant topic #5 dominant topic
ID 01 Design of new water systems | Reviewing installations Water sample results Cleanliness issues of water taps | External audits and
. approvements of
Categories | PT, PEn PL, CC, CT, CAc, CAw, CM CcC PEn, CAw, CP compliance
PL, CP
ID 02 monitoring Flushing compliance Risk assessments Action planning Board awareness
Categories | PL, CC, CAw, CP PEn, CP PL, CAw, CP, CM PL, CP, CM PP, PS, CM
ID 03 Patient safety Flushing n/a n/a n/a
Categories | PP, PEn, CAw PEn, CP n/a n/a n/a
ID 04 budget compliance Protectiveness for the group n/a n/a
Categories | PEc CC, CAw PL, CC, CAc, CP,CM n/a n/a
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ID 05 Identifying little-used outlets flushing Temperature regimes compli- | General testing Plans/design of the
Categories | PEn, CAw, CP PEn, CAw, CP ance CC, CAw water systems
CC, CAw, CP PT, PEn
ID 06 flushing Microbiological sampling re- | Legionella risk assessments / | Temperature regimes compli- | Independent audit re-
Categories | PEn, CAw, CP sults dead legs detection ance ports
PL, CC, CP,CM CP, CM CC, CP, CAw PL, CP
ID 07 Shower hoses and heads Drink dispenser Colour therapy bubble tubes Little used outlets n/a
Categories | PEn, CAw, CP PT, PEn, CAw PT, PEn PEn, CAw, CP n/a
ID 08 Understanding liability Making robust risk manage- | How to receive assurance Understanding of government | Selling the dream
Categories | PS, CAw ment PL, CC, CAc, CM processes PS, CM
CAw, CP, CM PP, PL, CAw
ID 09 Legionella contamination compliance Dead legs Dealing with generation systems | Cold water systems
Categories | PL, PEn, CAc, CAw CC, CAw PEn, CAw, CP PT, PEn, CAw, CM PL, CC, CM
ID 10 Water hygiene governance Water hygiene risk Water hygiene compliance Compliance scheme of control Non-compliance A
Categories | PP, CM PL, CAw, CP, CM CC, CAw PL, CC, CM water safety plan
PL, CC,CM
ID 11 Water safety plan Control of Legionella Control of Pseudomonas Business continuity or contin- | Training and keep
Categories | CM PL, CAw, CC PL, CAw, CC gency plans stuff up to date

CP, CM

CAw, CP
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Analysis has evidenced elements for consideration for the framework. The occurrence of category

nodes identified are listed in Table 7-21.

Table 7-21: Occurrence of category nodes in answers on question 32, phase | b

Analysis | Category Occurrence | Analysis | Category Occurrence

PP 4 CC 16
PEc 1 CT 1

LL =

1 PS 3 o CAc 4

” <

n <

L PT 5 = CAw 27

o= @
PL 16 CP 23
PEn 16 CM 17

7.4.14 Biggest challenges in water safety risk management

- Which topics in water safety risk management and prevention of Legionella present the big-
gest challenges?

Purpose of analysis: In the further development of the previous question 32 it is interesting for the

analysis to find evidence on topics that presentt he bi ggest <challenges fr ol
spective, and if there are potential elements indicated likewise by the majority of the participants.
Summary: Wi t h the exception of category OPPO®6 analysi:

for the framework. Category nodes and main elements are listed in Table 7-22 (n/a - not available).
An extended table is put in Appendix B (Table Appendix B-13).

Table 7-22: Category nodes and main elements in answers on question 33, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 0 n/a
" PEc 5 Budget restrictions; remedial work; lack of sufficient back-
1 log investment; major reconstruction
—
D)
L PS 2 Water Safety Group
ol
PT 4 Hospitals are 40 to 60 years old; flushing; temperature re-
gime; decentralisation
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PL 1 Legionella control, Pseudomonas control
PEnN 4 Old systems; end of life cycle; replacing
CcC 1 Compliance with PAM (premises assurance model), which

is the NHS control methods for water systems

> CT 2 Planned preventative maintenance regime

ol

Z:E CAc 2 Water Safety Group; allocating the correct resource to re-
5 solve risk issues

CAw 8 Communication around contamination; Compliance re-

quirement; ensure training and auditing is being carried out

CP 5 Improve compliance; temperature controls; imported risks

from manufacturers and suppliers

CM 3 Microbiological sampling results. Legionella risk assess-

ments; audit reports

7.4.15 Success stories

34 What has been your greatest success / goal you achieved in your organisation within the

past 12 months with respect to Legionella prevention and water safety?

Purpose of analysis: Interesting for the analysis is to evidence which topics have been challenged

and mastered recently by responsible management people.

Summary: Withtheex cepti on of category 6PP&6 analysis
for the framework. Category nodes and main elements are listed in Table 7-23 (n/a - not available).

An extended table is put in Appendix B (Table Appendix B-14).

Table 7-23: Category nodes and main elements in answers on question 34, phase | b

Analysis | Category | Occur- Identified main elements and consideration for framework
rence
PP 0 n/a
L . .
1 PEc 1 a new hot water and cold water riser to split the system
—
V) . .
1N PS 5 Influencing our water hygiene contractor
a
PT 3 Underused outlets
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PL 1 Reducing the number of areas where Legionella can grow
PEN 3 Experts; enough capacity in the pipework
CcC 4 Test; water samples and test for Legionella; heritage from

the previous director of infection and prevention control;
started the journey of the worst wing of the hospital, of the
distribution systems, regeneration system; identification of

considerable quantities of dead legs all around the site

CT 1 Right government structures

CAc 4 Working groups with their terms of reference; appointing

and authorising engineer of water

CAw 9 Risk assessments; components of taps were actually prop-
agating the growth of the bacteria; Pseudomonas; a partic-

ular ward using that particular process; cutting all of that old

CTAAPM

pipework out

CP 4 Temperature control; utilising the building management

system, it monitors the tank temperature

CM 9 Monitor strategy; risk assessment; clinical risk influenced
the engineering risk assessment program, high patient risk
areas first and then down to the car park right at the end;
governance structure; collaboration; water safety action

plan; quarterly testing

7.4.16 Money annually spent for water safety

36 A rough estimation: How much money do you annually spend for water safety?

Purpose of analysis: Analysis intends to give a picture on costs spent on water safety.

Summary: Further analysis quested only c at e gP&edy ( & E SAnhu&ly costs spent on water
safety range from £30,000 to 400,000. As there are different situations present in the hospitals, futher
information needs to be considered for precise interpretation. Details are presented in Appendix B
(Table Appendix B-15).
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7.4.17 Budget sufficiency

37 Is the budget enough to meet the requirements?

Purpose of analysis: Interesting for the analysis is to find evidence on the sufficiency of currently

available budgets to meet the requirements.

Summary:Furt her analysis quested only categor mendPECcE®
tioned the budget being not sufficient, four mentioned that it is sufficient, of which two commented

that it would only be sufficient for basic solutions without exceptional events. Two participants were
unclear, with tendency towar ds 0 n oparticgppanfs haveecore-nt 0 .
ments for further explanation. More details are presented in Appendix B (Table Appendix B-16 and

Table Appendix B-17)

7.4.18 Summary tables for phase | b interview study

The total occurrence of category nodes and main elements identified during analys of phase Ib is
listed in Table 7-24.

Table 7-24: Total occurence of category nodes and main elements derived from analysis (described in chapter
7.4) for consideration for framewort output

Analysis | Category Occurrence | Analysis | Category Occurrence

PP 38 CcC 84
PEc 42 CT 32

LI =

- PS 90 o CAc 60

= <

n <

1N PT 36 - CAw 98

a® @)
PL 76 CP 81
PEn 100 CM 121

Of the totality of items presented in Table 7-24, selected key terms and excerpts (Table 7-25) have
been grouped according to PESTLE and CTAPPM coding principles. They were taken as guiding
reference for compiling and designing the components of the framework output to be validated in a
focus group (see chapter 7.7). Overall, during analysis there was taken a specific focus on questions
4,10, 11, 12, 13, 14, 18, 19, 21, 25, 26, 28, 33, 34, as they were found to contain most of the focus
topics of interest. In combination with the findings of the analysis of elements of frameworks (chapter
6.14) , t he o ut p udfwaledshfety nfamagemensg lsegionella prevention and risk manage-

ment in hospitals: a framework for Estates and Facilities Management with focus on Englandd wa s
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finalliy compiled. All possible coding categories, as introduced in chapter 6.10.2.1, are represented

throughout the data analysis procedures of phase Ib.

They have been applied for the two analysis perspecitves a) external perspective: PESTLE (PT, PL,
PS, PP, PEc, PEn), and b) internal perspective: CTAAPM (CT, CAw, CC, CM, CAc, CP) respectively.

Table 7-25: Aggregated key excerpts from phase | b - guidance for framework complilation

Question | Hospital | Underlined passages / key terms PESTLE /
ID CTAAPM
4 04 Backlog repair, which is the investment into the estate. PT
4 07 ALARP. So that's as low as reasonably practical CAw
4 07 Risk assessment CT
4 07 Risk register PT
10 11 PFI golden triangle PP, CM
11 10 Scheme of control CcC
12 07 Action plan CM
12 08 Everyone in both organisations believed that water safety is | CM
an estate function or an FM function, not a function of the
WSG
12 08 Get to know it's a collaborative process and everyone has a | CAw, CM
responsibility.
12 08 Log book CM
12 10 An NHS organisation should meet all the requirements of L8 | PL, CC
and HSG274. So in reality, HTM 04-01 is not really required,
although it is much more detailed around water hygiene is-
sues, or water safety within healthcare premises.
12 10 Roles and responsibilities are duty holder which, on paper, is | PS, CAc
the chief executive.
12 10 Roles and responsibilities within the HTMs, and within water | PS, CAc
hygiene are well defined and do not, or should not, differ from
each individual NHS organisation.
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12 10 It's a very rigid structure. And that's because they don't want | PS, CAc
to have too many people involved on who makes the deci-
sions.
12 10 The authorising engineer is the independent advisor. PS, CAc
13,14 07 The factor was that we failed. The elements were why did we | PP
fail. The activities were to correct, which is our remedial ac-
tion. And the achievements were we are now clear of Le-
gionella
13,14 08 Due diligence PL
13,14 10 Nobody is doing anything without a permit now under my di- | PP
rection.
13,14 10 Training documentation of the team PL
13,14 10 Water hygiene contractor. They've also been producing the | PP
risk assessments. | don't think that the risk assessments are
of a great quality.
18 05 That's what the HTM documents say. They say they're guid-
ance. They're not mandatory. They're not law. They say in PP, CAW
the front piece they're guidance documents, and that's the
way we use them. We use them as guidance. The way | see
it - well, the way both myself and my compliance manager | CP
look at these documents.
18 05 Doing something differently still covering the risk? CP
18 05 Test your process CAw
18 08 Water safety plan CM
18 10 There will be a water safety plan, water safety policy. CM
19 01 Electronic record keeping system or web system where in- | CM
formation is freely available to the water safety group.
19 02 Defect reporting PT
19 05 Little-used outlets CP,CM
19 05 Stagnant water CP,CM
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19 06 Planned preventative maintenance CP,CM
19 07 The process of water safety CM
19 07 Water action tech plan CM
19 07 Water Safety Group. We've got the testing regime and the | CM

documentation
19 08 Robust plan that says we need to do 10 samples a week, | CC, CP,
then we do CM, PEc
19 09 It's not proactive, it's reactive CM
19 09 The information to respond reactively CM
21 02 Escalation level CP,CM
21 02 Proactive management CM
21 04 In-house estates teams have their own software, and it pre- | CP, CM
scribes tasks. From a different sort of risk management per-
spective, we've got a trust-wide risk register, and we also use
a reporting software system for health and safety risks known
as O6Datixd. it describes th
should be a risk assessment in that document
21 05 The ability of going from electronic to paper and then paper | CM
back to electronic isn't great. Pieces of paper get lost. People
don't fill them in properly. It's not a great system, but that's
not in itself a wholly water safety problem.
21 08 Assignment matrix CM
21 11 Maintenance portal system, which is for delivery and mainte-
nance work in PPM.
21 11 Software for workflow
25, 26 04 We've got a person at each site, and they know what they're | PS, CAc
responsible for; All organisations and all processes rely on
communication. You must have good communication; The
risk profile can change.
Liverpool John Moores University PhD Thesis



Results and analyses

193

25,26

09

If your responsibility is clearly defined and there's no scope
for confusion, your staff and personnel are adequately
trained and on a good level competent and your control
measures are secure, then whilst your communication it's
necessary to have communication and it's necessary to have
management, but if your first three elements are correct then
your management becomes less critical because it becomes
more of a case of just ensuring that documentation and in-
formation is being passed around correctly, which is im-
portant but not critical. It's not going to save somebody's life

or kill somebody.

CC,CM

25,26

11

A fresh pair of eyes

CAw, CP

28

04

Evidence of processing and evidence of good management

PS, CM
CAw

28

04

We've also got PFIl. PFI creates an ambiguity in those re-
sponsibilities because according to the contract, the PFI
agreement, there's an estates provider who sits alone, al-

most, outside of the trust.

CM

28

07

Action plan, policy, water safety plan, matrix which shows the
processes that we take

CAc, CAw,
CM

28

10

Central testing point, which is the far end of each system.
And then central testing, test one, test two, test three. So in
short, you test the whole of the system and you don't miss
something by just doing one under the system. So that's why
the schematics are important, because they identify the cen-
tral testing points.

CAc, CAw,
CM

28

10

Scheme of control

CAc, CAw,
CM

28

10

So we've got no quality governance steering group at the
moment, but to be honest, I'm just building the blocks to build
up compliance within this trust. They're so non-compliant, it
was surprising. It's the worst trust I've ever been to, the levels
of non-compliance. So I'm really getting those solid building
blocks in place at the moment. So just at the moment, we

haven't really got that structure.

CAc, CAw,
CM
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28 11 Flow process CAc, CAw,
CM
28 11 PAM, the policy assurance model CAc, CAw,
CM
33 09 Decentralisation PEn, CM
33 11 PAM (premises assurance model), which is the NHS control | CC, CP
methods for water systems CAw
34 01 So | 6ve br okmamageable ahumks wheie hcoutd | CAw, CM
say Owork over A 5,000 poun
And then £ 5,000 pound the next month.
34 01 The clinical risk, basically, influenced the engineering risk as- | CAw, CM
sessment progr am, s patientdiskareais
first and then down to the car park right at the end.
34 06 Governance structure; Managerial deficiencies; Collabora- | CM
tion
34 07 n-line thermal disinfection unit CM
34 07 We've achieved all the things that we're after in the water | CAw, CP,
safety group. We followed the procedure that's in the water | CM

safety action plan.

7.5 PhasellT web-based survey (QUAL + QUAN)

The following sections present results and analyses from the web-based survey. They contain both

elements of qualitative and quantitative research.

7.5.1 Proposed logic of accountability chart

For the purpose of developing an accountability chart and governance arrangements that could be

referenced to for a question section during the survey in phase I, Table 7-26, Figure 7-21 and Figure

7-22 present sequential evolutionary steps.
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Table 7-26: Proposing and developing an accountability chart

Version 1 after analysing the interview studies
phases la and Ib (interviews and documents),

before feedback of professionals (pre-test sur-
vey).

Version 2 after feedback of professionals (pre-
test survey). This chart later was essential part
of questions 13 and 14 of the web-based sur-

vey.

Chief Executive
(Duty holder)

Doctor of Nursing
(owe)

Lead Infection
Control Doctor
(uco)

Director of
Infection
Prevention and
Contrel [DIPC)

Authorising
Engineer

External Audito

=] |

Responsible
Persan Water
Hygiene

Diractor / Head

of Estates

{and Facilities)

Infection
Prevention and
Control Team

] \ Estates Team

Augmented Care
Group
Represantatives

T
Cleaning Team
Representative

Contractor

Water Hyglens ]

{and Fa
(and Enginesring)

Infection
Prevention and
Control Team

Augmented Care

Estates Team }

Cleaning Team

Regresemative Contractor

\ Water tygiene ]

The Water Safety Group (WSG) represant at i on i n the organisatio

liminary results of phases la, Ib.

Based on preliminary findings of interview study phase la and Ib (interviews and documents), a
scheme of governance was compiled, with the WSG centered (Figure 7-21). It furthermore details of

how the WSG constitutes (basic mambers) and with which other roles and responsibilities the WSG

is interacting.

Management
(e.g. Board, CEO,
Duty holder)

Auditor
Water Safety Group External
| Consultant
Infection
Microbiologist Prevention &
Control
Risk Assessors
Facilities Estates
Management Management |
Water Contractors

’_I

I_‘

House Keeping

Specialist
Department heads
(e.g. ICU, Dialysis,

Nursing)

Plumbers and
Operatives

Figure 7-21: Scheme of governance of the WSG

Liverpool John Moores University

PhD Thesis



Results and analyses 196

To better understand the positioning of the WSG in an organogram showing the logic of an organi-
sational structure, the following complementary analyses with data from phase Il (survey) has been
performed. In the survey a proposed scheme was presented to the participants. Figure 7-22 presents
how a trust or hospital is organised with respect to the positioning and the function of the water safety
group. The Water Safety Group is a sub-group of the Infection Prevention and Control Committee.
The Estates Compliance and Governance Group informs the Corporate Health and Safety Commit-
tee and reports to the Quality Governance Steering Group. There is Estates and Infection Prevention
representation on the Environmental Steering Group and the Corporate Health and Safety Commit-

tee.

Quality Governance
Steering Group

Policy Review and
Monitoring Group

Estates Compliance Infection Prevention
and Governance and Control
Group Y Committee

Corporate Health and
Safety Committee

Environmental

Water Safety Grou
Steering Group y P

Figure 7-22: Governance arrangements scheme provided for comparison during study phase I

Survey participants had to compare their own organisational structure with the presented scheme
and comment differences in free text entry boxes. The scheme intended do illustrate organisational
practices of the water safety group showing conjunctions of different stakeholders. A majority of the
respective participants in trusts or hospitals follow a basic structure of a type like the proposed on in

Figure 7-22 or in a similar way (Figure 7-23).
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Question 13: Does your Trust or hospital follow this proposed logic of an
accountability chart for the practices on Infection Prevention?

| prefer not to answer
No NN
More or less I
Yes I

Figure 7-23: Accountability chart - Poropsed logic for practices on Infection Prevention

In a follow-up question those participants who answered the question (question 13) on whether or
nottheyweref ol | owi ng the proposed | ogic of an agweteount e
asked about which rate does their trust or hospital approximately follow the proposed logic of the
accountability chart. Three of ten replied 90% and 80% resepectively, one of ten replied 70%, 60%,

50% and 40% respectively (Figure 7-24).

10% |0
20% |0
30%
40% 1 (10%)
50% 1 (10%)

60% 1 (10%)

70% 1 (10%)

80% 3 (30%)

90% 3 (30%)

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would represent that all this question’s respondents
chose that option)

Figure 7-24: Degree of equality to the poropsed logic for practices on Infection Prevention (question 14)
Some reasons for what would be seen different to the proposed logic of the accountability chart are

listed in Table 7-27, which represent some hospital or trust specific organisational regulations.
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Table 7-27: Reasons why own logic does not follow 100% the proposed logic of an accountability chart

The Trust works across three geographical areas and does not have its own DIPC- this role is available from a
local acute Trust through an SLA.

Water safety committee is Under Estates,& Reports to the infection control and prevention commitee
as a mental health Trust we don't have any augmented care units

Soft FM and Clinical Nursing involvement is lacking.

Operational Estates, Estates Capital & Project Management IP&C, Microbiclogy and H&S team involvement is
very good.

We are doing some work to embed this but much of this is new and untested.
We are doing some work around approved contractor re: water hygiene
| think engagement with cleaning service needs to be strengthened (and | would also add medical physics)

infection control doctor is not separate

Survey participants have also been asked whether or not the scheme of governance is comparable
to their own trust or hospital. A majority of the respective participants in trusts or hospitals follow a
structure of a type like this (Figure 7-25).

Question 15: Is the following scheme of governance arrangements
comparable to how your Trust or hosital is organised with respect to the
positioning and function of the water safety group?

| prefer not to answer
No

More or less | NS

Yes

Figure 7-25: Proposed governance arrangements

Those who replied to the question (question 15) whether or not the scheme of governance is com-

parable to their own Trust or hospitalwi t h Ainod or @A mor énadollow-upegsestibn we r e
(question 16) about which rate does their Trust or hospital approximately follow the proposed logic

of the previous governance arrangements chart. Two of eleven replied 90%, three of eleven replied

80%, two of eleven replied 70%, one of eleven replied 60%, 50%, 40%, and 10% respectively (Figure

7-26).
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10%
20%
30%
40%
50%
60%

0 N : (15.2%)
o Y © (27 5%
oo N - (i5.2%)

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would represent that all this question’s respondents
chose that option)

Figure 7-26: Degree of equality of proposed logic of the previous governance arrangements chart according to
participants6 r enmuegtion 16

Some reasons for what would be seen different to the proposed logic of the governance arrange-

ments scheme are listed in Table 7-28.
Table 7-28: Reasons why their own trust does not follow 100% the proposed logic of governance arrangements

The WSG is part of the IPC Committee which reports to the Trusts Quality Committee

we report up through Estates into the WSG (Chaired by DIPC) and then into the Infection Prevention and Control
Committee - not the H&S Committee

Chart layout /Reporting
Governance arrangements differ due to the construct of the Organisation

The water safety group is higher position than the chart it reports directly to the quality steering group and
feeds into IPCC meeting it is not classed as a sub group

I'm uncertain of the specific routes after WSG reports through Infection Prevention and Control Committee
(IPCC) but | think there are slight differences because IPCC reports through clinical governance and EFM / H&S
report through Organisational Risk. Once again much of this is in a constant state of flux because there seems
to be no perfect answer and everyone seems to want to try something new. Whatever the answer is | think
problems go and they go back down and then up again but often very little improvement takes place in
between. Hopefully we will one day fix this but we are not there yet - and lack of funding means this is less
likely than before

Slight changes to suit the Trust

Taking into consideration the results from the interview of phase Ib, especially the analyses pre-
sented in chapter 7.4.12, the document analysis of phase Ib (7.3) and further results from the web-
based-survey phase Il presented in the previous sections of this chapter, the logic and elements for
a governance arrangements scheme gained sufficient evidence to compile a version for integration
into the framework output (chapter 8) after consideration of aggregated analyses (chapter 7.6). A
communication pathway is drafted for the framework validation (chapter 7.7) representing one of the
elements of the framework, see Figure Appendix D-2. Figure Appendix E-1 contains the final frame-

z

work el ements #5 Omanagement hipathway®doand #7 0c
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Amalgamend from the present available situations, the highlighted differences an potentials in the

organisationals structures, an potentially all-imbracing version is compiled.

7.5.2 Water safety management training needs

With reference to preliminary results oresented in a research poster at the LIMU Facutly Research
Week 2019 (Leiblein and Maynard, 2019) water safety management training needs for management
and practitioners in hospitals have been assumed, but according to replies from paticipants are not
clearly concluded. The poster is attached to the Appendix C (Figure Appendix C-5). The objective of
the poster was to present preliminary results on questions of the web-based survey of phase Ib with
specific focus on training and training needs. The poster intended to inform about and characterise
different stakeholders in water safety management and Legionella prevention in hospitals across the

UK. The survey participants held functions shown in Figure 7-27 and are members of different or-

ganisations (Figure 7-28)wi t h management 6s ( FM)ionmnd engineerin

n Which of the following describes best your function according to the Trust's or to the hospital's organogram, accountability chart or equivalent?

Duty holder _1 (5.9%)
pirector/Head of Infection | NN 1 (5.9%)

Prevention and Control

Directoread o Estates ant N 5 (2.5

Facilities
Director/Head of Estates _ 1 (5.9%)

Ward/Department Managers | 0

Head of Operational _ 2 (11.8%)

Maintenance

Mechanical Maintenance Manager _ 1 (5.9%)
Water Safety Manager _ 2 (11.8%)
Responsible Person Water [ N NN 2 (1 5%

0

Deputy Responsible Person
Water

Estate Maintenance | 0
Workers/Contractors

Authorising Engineer/External _ 1 (5.9%)

Auditor

Lead Infection Control Doctor [ NI 1 (59%
Infection Control Officer _ 1 (5.9%)

Infection Prevention and | 0
Control Team

Head of Nursing | 0
over I : (7.:%)

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would represent that all this question’s respondents
chose that option)

Figure 7-27: Functions of the survey participants
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Which organisation(s) are you a member of?

chose that option)

srv [ 1 (6.7%)
ssRA [ 1 (67%)
ciest [ 5 (s:%)
cirHe [ 1 (6.7%)
werma - [ = (20)
veew I © (- %)
LCA |0
RSPH | 0
sorHE [ 1 (6.7%)
wvsee [ 1 (67%)
otrer N 5 ()

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would represent that all this question’s respondents

Figure 7-28: Membership of survey participants

All respondents feel they a) adequately understand and appreciate their role/remit in the water safety

group, b) are adequately trained and c¢) have adequate instruction and guidance to allow them to fulfil

their role effectively (self-assessment).

4.1 Do you feel that you adequately understand and appreciate your role/remit in the water safety group?

Do you feel that you adequately understand and appreciate your role/remit in the water safety group?

ves N 7 (100
No |0

| prefer not to answer | 0

4.2 Do you feel that you are adequately trained to fulfil your role?

Do you feel that you are adequately trained to fulfil your role?

ves | 7 (100
No |0

| prefer not to answer | 0

4.3 Do you feel that you have adequate instruction and guidance to allow you to fulfil your role effectively?

Do you feel that you have adequate instruction and guidance to allow you to fulfil your role effectively?

ves |, 17 (100%)
No |0

| prefer not to answer | 0

Figure 7-29: Self-assessed adequate understanding, appreciation, training, instruction and guidance
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On the question what training needs they would require (self-assessment) with regards to both Le-
gionella and water hygiene, the majority r ep |l i®e.d @Gme npar ti ci pant justif
there is no requirement for me to do more. | think | could progress to the next level and offer more to
the Trust and to colleagues but there is no clear route laid down for me to follow". He continues that
he "will press for funding if | identify something which might be fit for purpose - I'm just not sure if this

even exists" (Table 7-29).
Table 7-29: Training needs required with regards to Legionella and water hygiene

What training needs do you require with regards to both Legionella and water hygiene?

Showing all 14 responses Show less

None

none , up to date currently

None currently - however | periodically complete refresher training in my role as Responsible Person
none

Up to date at present

Author of the Trust's Water Management Policy & SOPs (including Plan)
As AP and RP | require 3year competence update,
None

| have the awareness | need for my level of input and to direct and discuss with the group the advise given by
various specialists in attendance, to make sound collaborative judgments.

Update on awareness training

| think | get by and there is no requirement for me to do more

| think | could progress the next level and offer more to the Trust and to colleagues but there is no clear route
laid down for me to follow. | will press for funding if | identify something which might be fit for purpose - I'm
just not sure if this even exists

Fully compliant to HTM/L8 standards
Training is on-going, | will attend the IHEEM AE conference next month
Training has been received.

none

In addition to their own training needs, participants assessed poor understanding of best practice in
their organi smteiabhe,d B&iBnd %  notdbpresent but neglig
sent and strongd (5. 9 %)06, A basnedn cter 6e chigahbdB%r (Fegpire(7421).. 8 %)
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Figure 7-30: Poor understanding of best practice

With respect to training needs most participants seem to be up to date, yet over 41.2% wish further
involvement in the design stage of water systems. However, findings underpin certain gaps of suffi-
cient training as well as the demands and the need for CPD. It becomes evident, that the role of FM
is very present and collaboration of water safety management group members with FM is rated be-
tween intense (29.4%), advanced (52.9%) and moderate (17.6%).

With respect to the percentage of time approximately spent on water hygiene, there is a great range
from between <5% up to 100%. Two of 16 responses indicate less than 5%, nine of 17 participants
indicate between 5 to 10%, one of 17 participants replied 15-20%, one 40%, one 60% and one 100%
of active working time. One participantd somment is "constant involvement but obviously as part of

the wider remit of Head of Operational Estatesa

A water safety policy and an associated water safety plan defining processes on water safety risk
management usually covers 'minimum standards of training and competency of persons'. Partici-
pants have been asked to assess whether or not they are involved in the process. As an optional
question they have been asked to indicate the progress of completion. If they more likely to oversee
the process strategically and their active role in the process is not operational, they were asked to
answer with "I prefer not to answer". AImost 65% are involved in the process on minimum standards
of training and competency of persons, 35% are not. The progress of completion is about 56% - for

a total of 9 of 17 possible responses (Figure 7-31).
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