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Chapter 8 
 

The	design,	development,	and	structure	of	the	
GLI	and	LQSI	tools	to	assist	TB	and	(public)	
health	laboratories	worldwide	with	the	
implementation	of	an	ISO	15189‐based	
quality	management	system  
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ABSTRACT	
Because laboratories are crucial for patient care and public health surveillance, 
strengthening of laboratories and laboratory systems is an important aim of the revised 
International Health Regulations (2005), the Global Health Security Agenda and the 
Global Action Plan on Antimicrobial Resistance. Quality management system 
implementation based on international quality standards is a key intervention to 
strengthen laboratories. Despite the existence of many guidance materials, laboratories 
struggle with day-to-day implementation. To address this, the Global Laboratory 
Initiative Stepwise Process Towards TB Laboratory Accreditation (GLI tool) and the 
World Health Organization Laboratory Quality Stepwise Implementation tool (LQSI 
tool) were developed. Both tools provide a stepwise plan to guide tuberculosis 
laboratories and medical/public health laboratories, respectively, with the 
implementation of a QMS compliant with ISO 15189, the international medical 
laboratory standard for quality and competence. 

This chapter provides a detailed description of i) the development process of the GLI 
and LQSI tools using a conceptual framework based on the Contextual Design model 
combined with a consensus approach; and ii) the structure and underlying rationale of 
both tools.  

Both tools, which are integral part of this PhD thesis, are accessible online. The GLI tool 
can be accessed at http://www.GLIquality.org. The LQSI tool can be accessed at 
https://extranet.who.int/lqsi.  

 

 

 

 

 	

	

Scan	the	QR	codes	to	browse	to	the	
LQSI	tool	(left	code)	and	GLI	tool	(right	code).	
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1 INTRODUCTION	
Laboratories are crucial for patient care and public health [1–9]. Laboratory systems 
strengthening, including quality management system (QMS) implementation, is one of 
the aims of the revised International Health Regulations (IHR) (2005) and the Global 
Health Security Agenda [10–13]. The Global Action Plan on Antimicrobial Resistance 
urges member states to “develop and implement comprehensive action plans that 
incorporate laboratory capacity to identify pathogens and their antimicrobial 
susceptibility in order to guide optimal use of antimicrobial medicines in clinical 
practice” [14]. Laboratory strengthening is also addressed in vertical programs: an 
objective of the End TB Strategy is to strengthen quality of tuberculosis (TB) laboratory 
services [15].  

QMS implementation based on ISO 15189, the international medical laboratory 
standard for quality and competence, is a key intervention to increase quality of 
laboratory services [5–7,16–19]. However, experience has shown that laboratories 
struggle with translating ISO 15189 requirements into a functional QMS 
[6,8,9,16,18,20]. Therefore, many organizations developed guidance materials such as 
training courses, templates of documents (e.g. templates of Standard Operating 
Procedures [SOPs]), and manuals [8,21–23]. As comprehensive guidance for day-to-day 
QMS implementation was still lacking, one of the objectives of the USAID-funded TB 
CARE I project was to design a roadmap to TB laboratory accreditation. This was rooted 
in the World Health Organization’s (WHO’s) Global Plan to Stop TB: the WHO Handbook 
for national TB control programs on implementing the WHO Stop TB Strategy states 
that “the national TB program and national reference laboratory are responsible for 
implementing a quality system covering all the diagnostic tests and the laboratories 
involved in the diagnosis of TB” [24]. This led to development of the Global Laboratory 
Initiative Stepwise Process towards TB Laboratory Accreditation (in short: GLI tool) 
launched at the International Union against TB and Lung Diseases (UNION) World 
Conference in Lille, France, 2011 [25,26]. In 2012 WHO commissioned development of 
a similar tool for all types of (public) health laboratories. This request was driven by, 
among others, the IHR (2005) calling for laboratory system strengthening and QMS 
implementation at laboratories [11,12]. Early 2014 the WHO Laboratory Quality 
Stepwise Implementation tool (in short: LQSI tool) was launched [19]. Both tools are 
digital guidance tools assisting TB and medical/public health laboratories with QMS 
implementation based on ISO 15189 [27,28]. 

2 DESIGN	AND	DEVELOPMENT	OF	THE	TOOLS	

2.1 CONCEPTUAL	FRAMEWORK	
The development of the GLI tool was guided by a conceptual framework that combined 
the Contextual Design approach with a consensus approach. Contextual Design is driven 
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by identification of customer needs [29,30]. This model guides collection and 
interpretation of fieldwork data to design user-centered software. It consists of seven 
parts (see Figure 8-1).  

The Contextual Design approach uses information about users obtained from 
interviews, focus groups and/or observations. During the GLI tool development the 
consensus approach was used instead: involving future users more directly in the 
design process ensured that the GLI tool optimally met their needs. The consensus 
approach replaced the use of interview techniques in steps 3 and 4 of the Contextual 
Design approach (Figure 8-1).  

QMS implementation affects the whole laboratory organization, including both 
technical and managerial processes. In many settings this requires a mind shift and 
culture change. Therefore, change management theories, mainly the model of J.P. 
Kotter, were included during the development process to facilitate QMS 
implementation [31,32]. 

2.2 DESIGN	AND	DEVELOPMENT	OF	GLI	TOOL	VERSION	1.0	
In August 2010 a first project partners meeting was held with representatives of the 
Global Laboratory Initiative (GLI, one of the seven working groups of the Stop TB 
Partnership [33]), US Centers for Disease Control and Prevention, the UNION, KNCV 
Tuberculosis Foundation and KIT Biomedical Research (hereafter referred to as the 
technical working group). An initial brainstorm led to several ideas on designing an 
implementation guide for TB laboratory accreditation. These included i) design of a TB 
laboratory network accreditation scheme (which resulted in the GLI TB Microscopy 
Network Accreditation [34]); ii) development of a TB laboratory specific assessment 
checklist; and iii) development of an implementation guide for setting up a QMS for 
national level TB laboratories based on ISO 15189. The remainder of this chapter 
focuses on the third idea.  

An inventory was made of available open access guidance materials for QMS 
implementation for inclusion in the implementation guide. ISO 22869:2005 Medical 
Laboratories – Guidance on Laboratory Implementation of ISO 15189:2003 was 
scrutinized to identify ISO 15189 requirements with specific implications for TB 
laboratories performing culture, drug susceptibility testing and molecular testing. The 
idea of developing a roadmap for QMS implementation was presented and discussed at 
the UNION World Conference on TB and Lung Disease in Berlin, Germany in December 
2010. During the second technical working group meeting feedback was discussed and 
it was decided to divide the implementation guide into four phases, each having a 
specific focus:  

 Phase 1: Ensure that the primary process runs correctly and ensure safety. 
 Phase 2: Control and assure quality, create traceability. 
 Phase 3: Ensure proper management and organization. 
 Phase 4: Ensure continuous improvement and create history.  
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Figure	8‐1:	The	Contextual	Design	Approach.	Descriptions	of	the	different	steps	are	adapted	from	
[30]	

1. Contextual 
inquiry

•Identify customers and understand their needs and work approach

2. Work 
modelling

•Identify different perspectives on how individuals and organizations perform 
their work

3. Consolidate

•Combine data from interviews and discussions

4. Work 
redesign

•Use consolidated data to discuss how to improve work

5. User 
environment 

design

•Design and develop the structure of the system.

•Elaborate on details: show each part of the system, how it supports the user’s 
work, show what function is available in each part, and explain how the user gets 
to and from other parts of the system

6. Test with 
customers

•Prototype on paper: develop mockups of the system

7. Put it into 
practice

•Implement the system
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Figure	8‐2:	Example	of	the	framework	of	the	first	draft	stepwise	QMS	implementation	guide	for	TB	
laboratories	

A basic framework for the implementation guide was developed by: i) translating ISO 
15189 requirements into TB laboratory-specific requirements; ii) adding descriptions 
on implementation of these requirement as practical activities; iii) allocating the 
activities to one of the four phases; and iv) adding references to newly developed or 
existing templates, tools, and background information. Figure 8-2 shows a part of the 
implementation guide. 

In July 2011, a consultation meeting was organized by GLI to present the first draft 
implementation guide to key stakeholders and experts. From that point on the guide 
was referred to as the GLI Stepwise Process towards TB Laboratory Accreditation, 
abbreviated as ‘GLI tool’. During the meeting feedback was recorded to further revise 
and refine the draft GLI tool. One important point raised was to explore possibilities for 
formats other than a paper manual. Ideas included developing a paper manual with a 
CD-ROM containing the additional guidance materials or developing a web-based tool 
with clickable roadmaps that lead to specific implementation activities. Especially the 
latter was well received, leading to the decision to further develop the tool in a web-
based format.  

In August 2011, another consultation meeting was organized by GLI to review the first 
digital draft GLI tool for subsequent publication and dissemination. The meeting was 
attended by representatives from leading international GLI member institutions and 
agencies. 
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Feedback received during both meetings, and from an in-depth review of the tool, was 
processed into a final product that was officially launched at the UNION World 
Conference in Lille, France in October 2011 [25,26].  

2.3 DESIGN	AND	DEVELOPMENT	OF	LQSI	TOOL	VERSION	1.0	
In 2012 WHO commissioned the development of a similar tool aimed at all types of 
(public) health laboratories. This was mainly driven by: i) the mandate of WHO to assist 
countries with implementation of the IHR and thus facilitate strengthening of public 
health laboratories through QMS implementation; and ii) the recommendations of the 
joint WHO/CDC conference on laboratory quality systems in 2008 [5,6]. The first phase 
of development of this LQSI tool consisted of rewriting the individual activities of the 
GLI tool. Whereas the contents of activities in GLI tool version 1.0 were not structured 
according to a fixed format (Figure 8-3), for the LQSI tool it was decided to use a fixed 
structure for each activity, consisting of:  

 A one-sentence description of the activity. 
 A section explaining why the activity needs to be conducted, answering the 

question of how the activity contributes to assuring quality laboratory services 
and QMS implementation. 

 A section explaining what to do. 

Figure	8‐3:	Screenshot	of	the	roadmap	of	phase	1	and	an	activity	in	GLI	tool	version	1.0	
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 A section listing the steps in chronological order on how to conduct the activity, 
including the suggested position in the laboratory that is best suited to carry 
out the activity (Figure 8-4). 

Simultaneously, checklist questions were formulated for each activity to verify 
complete and correct implementation. Additional materials for each activity were also 
identified. Similar to the GLI tool, these were obtained from external sources or 
developed in-house. 

 

Figure	8‐4:	Screenshot	of	the	roadmap	of	phase	1	and	an	activity	in	the	LQSI	tool	version	1.0	
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After the first development phase, concurrence with, and complete coverage of ISO 
15189:2007 was verified. This process was repeated when ISO 15189:2012 was 
published in 2012. Amendments were made when required. 

Upon completion, the activities were reviewed internally by the WHO team and KIT 
Biomedical Research. After feedback was processed, the web environment of the tool 
was constructed. Subsequently, 16 experts were invited by WHO to review the tool. 
These included experts in laboratory strengthening, quality management, ISO 15189 
and accreditation [35].  

Feedback from the external review was analyzed by the WHO team and KIT to improve 
and finalize the tool. LQSI tool version 1.0 was subsequently launched in February 2014. 
Since then the tool has been translated into four of the six United Nations (UN) 
languages (Arabic, French, Russian, and Spanish) and into Turkish1. The LQSI tool can 
be accessed at https://extranet.who.int/lqsi. 

2.4 DESIGN	AND	DEVELOPMENT	OF	GLI	TOOL	VERSION	2.0	
Following the launch of the LQSI tool, the GLI tool was revised into version 2.0, based, 
in turn, on the LQSI tool. This ensured that the guidance provided by the GLI tool was 
in line with the new ISO 15189:2012 standard. In this revision the fixed activity 
structure used in the LQSI tool was incorporated, new activities were added, and other 
activities were adapted. Version 2.0 of the GLI tool was launched in May 2014 and can 
be accessed at http://www.GLIquality.org. 

3 STRUCTURE	OF	THE	TOOLS	
Because both tools have a similar structure, the following description is applicable to 
both. Where the word ‘tool’ is used, reference is made to both tools. The below 
description is based on left to right languages. For the Arabic translations ‘left-hand 
side’ should be read as ‘right-hand side’ and vice versa.  

The home/landing page provides a brief introduction to the tool, explaining what it is, 
why it has been developed, the target audience and how it works. The tool also includes 
a concise introduction to the concepts of quality management, QMS, quality standards 
and guidelines, and accreditation. This section provides users that are unfamiliar with 
quality management with a basic understanding needed to interpret the rest of the 
information provided by the tool. The tool also contains a section with user instructions, 
describing the structure of the tool and how to use it.  

 
1	Although	Turkish	is	an	official	UN	language,	Turkey	requested	a	Turkish	version	of	the	tool	to	
maximize	its	potential	for	use	within	the	country	and	financed	the	translation	itself.	
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Figure	8‐5:	The	CLSI	Quality	System	Essential	(QSE)	structure	[36]	

 

The implementation guide can be accessed in two different ways. First, the user must 
select which of the four phases s/he wants to access. For each phase the user can chose 
to access the QMS implementation activities through the roadmap structure or through 
the Quality System Essential (QSE) structure. The roadmap structure provides the 
activities in a suggested day-to-day implementation sequence (Figure 8-3 and 8-4). This 
sequence is based on extensive experience of the developers and reviewers with 
implementing an ISO 15189-based QMS and mentoring laboratories in both high-
income and low- and middle-income countries towards an ISO 15189 compliant QMS.  

The QSE structure shows the same activities but categorized according to the QSE 
model developed by the Clinical and Laboratory Standards Institute (CLSI) (Figure 8-5) 
[36]. This format provides an overview of activities per QMS element in each phase of 
the tool which may be convenient for planning purposes. 

Activities can be accessed by clicking on the links in the activity list, either through the 
roadmap structure or the QSE structure. At the bottom of each activity relevant clauses 
of ISO 15189:2007, ISO 15189:2012 and ISO 15190:2003, the international standard on 
laboratory biosafety, are given. The clauses are clickable and lead to an overview of 
related activities. This provides insight into all the activities needed to comply with a 
certain clause.  

Links to additional support materials are provided on the right-hand side of many 
activities. A distinction is made between tools (such as spreadsheets or software), 
background information, and templates, each marked with a specific symbol.  

The tool also provides a feature to construct a checklist for assessments based on the 
required scope. The checklist section shows a matrix (Figure 8-6). The top left corner a 
button leads to the full checklist of 532 questions verifying complete QMS 

Facilities and Safety Personnel Equipment
Purchasing and 

Inventory

Organization Process management
Information 
management

Documents and 
Records

Customer Focus Assessment
Nonconforming Event 

Management
Continual 

Improvement
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implementation. On the left-hand side 12 buttons enable the user to construct 
checklists specific for each QSE. The top row of the matrix shows a button for 
assessments covering each of the four phases of the tool. The remaining buttons lead to 
checklists focusing on a specific QSE and a specific phase. If the user has completed 
phase 1 and wants to conduct an information management audit, the button next to 
Information Management and under Phase 1 leads to the relevant checklist. This way 
the tool not only assists with implementation of an ISO 15189 compliant QMS, it also 
enables users (and auditors) to verify complete and correct implementation of the QMS 
or one of its components. 

Lastly, the LQSI tool has an “About this tool” and the GLI tool a “Miscellaneous” section, 
which allow users to obtain an offline copy of the tool (which may be convenient for use 
by laboratories in areas with poor internet connectivity) and to provide feedback. This 
feedback will inform future revisions of the tool.  

In 2017 WHO produced an instruction video explaining the structure 
and use of the LQSI tool accessible at https://youtu.be/V_7ofaDtMBQ 
(or scan the QR code on the right).  

 

Figure	8‐6:	The	checklist	matrix	in	the	LQSI	tool	
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3.1 RATIONALE	UNDERLYING	THE	 SEQUENCE	OF	ACTIVITIES	 IN	THE	
IMPLEMENTATION	GUIDE	

The roadmaps of the tools are largely modelled on the Juran Trilogy (Figure 8-7). Joseph 
Juran, a founding father of quality management, divided quality management into three 
processes [37]: 

1. Quality Planning 
2. Quality Control 
3. Quality Improvement 

Phases 1 and 2 of the tools are primarily aimed at Quality Planning and Quality Control 
processes. In Phases 3 and 4 the focus shifts to Quality Improvement. 

Phase 1 starts with the majority of QMS elements focused on proper management of 
resources, biosafety and, to a lesser extent, the testing process. The first step of the 
phase 1 roadmap aims at building commitment for implementation of the QMS. 
Previous studies including the study presented in Chapter 6 of this thesis have shown 
that commitment among both staff and management is a precondition to successful and 
efficient QMS implementation [37–39]. 

The phase 2 activities build on phase 1. Phase 2 is still predominantly focused on 
management of resources and standardization of the testing process. Examples are 
proper management of equipment, reagents and supplies, and facilities, and the 
development of SOPs for all critical processes. An important element of phase 2 is the 
implementation of a document control system to manage the increasing numbers of 
SOPs.  

The technical aspects of the QMS are implemented in phases 1 and 2. In phase 3 the 
focus shifts to strengthening management and planning of laboratory and improvement 
processes and activities. In addition, many elements implemented in phases 1 and 2 are 
optimized in phase 3. Examples are the purchasing and inventory system, the document 
control system and the information management system. This continues in phase 4 
which also focuses on nonconformity management and continual improvement. 

 

Figure	8‐7:	The	Juran	Trilogy	[37]	

Quality 
planning

Quality 
control

Quality 
improvement
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In each roadmap some steps are placed sequentially indicating that, ideally, one should 
first complete the activities in the first step before proceeding to the next step.  
Alternatively, steps are placed on top of each other, indicating that there is not one ideal 
sequence for day-to-day implementation. In this case a laboratory can address activities 
in multiple roadmap steps simultaneously without risking conflicting situations. 

The roadmaps provide a suggested sequence for day-to-day implementation: strict 
adherence is not required. Activities should be implemented in a sequence that best 
suits the context. Likewise, if a laboratory has challenges implementing an activity, it 
can continue with other activities in the same or another roadmap step or even another 
phase while these challenges are being addressed. This minimizes the chance that one 
challenge will block the complete QMS implementation process.  

The remainder of this section explains the rational underlying the sequence of QMS 
implementation activities for individual QSEs. 

3.1.1 Facilities	and	safety	
ISO 15189:2012 states that “the laboratory shall have space allocated for performance 
of its work that is designed to ensure quality, safety and efficacy of the service provided 
to the users and the health and safety of laboratory personnel, patients and visitors” 
(clause 5.2.1). Because the mitigation measures that need to be implemented depend 
on several factors (e.g. the risk associated with the agent, the procedure, and the 
consumables used), it is impossible to formulate a uniform set of activities to ensure 
laboratory safety. To ensure that each laboratory takes the appropriate measures to 
comply with ISO 15189, phase 1 contains basic safety activities applicable to all 
laboratories handling live organisms (i.e. biosafety level 2 and above) followed by a 
comprehensive facilities and safety assessment. After this assessment, the laboratory 
needs to prepare an action plan to address all non-compliances. Basic safety activities 
are divided over phases 1, 2 and 3. To uphold motivation, safety activities that are 
relatively easy to implement are included in phase 1. Examples are ensuring proper 
waste segregation, cleaning of the facilities, and establishing spill kits and first aid kits. 
A start is also made with development of the laboratory safety manual to standardize 
and ensure access to safety procedures. Activities that need bigger investments in terms 
of time, efforts, and money, are included in phases 2 and 3. Examples are establishment, 
in phase 3, of a primary sample collection facility and BSL 3 facility by laboratories for 
which this is required.  

3.1.2 Organization	
Optimization of the organization is primarily addressed in the first three phases.  

Phase 1 activities aim at getting the basic organizational processes in place. These 
include establishing a quality project team and focal point, implementing SMART 
(Specific, Measurable, Agreed, Realistic, Time-bound) action planning and organization 
of weekly staff meetings. Staff meetings are key to foster staff engagement and 
providing clarity on quality objectives [38]. Key staff positions are appointed for 
biosafety, equipment and supply management. Lastly, organizational charts are 
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developed to ensure clarity on the different laboratory positions and how they are 
interrelated.  

Phase 2 requires laboratories to ensure that they are legally identifiable and that daily 
routine work schedules are created. In addition, the laboratory manager needs to be 
trained in change management to competently guide the change process of QMS 
implementation.  

An important element of phase 3 is the establishment of a standardized planning cycle, 
starting with formulation of a vision and mission, development of a strategic plan (in 
both tools called ‘long term plan’), development of a quality year plan based on the 
strategic plan, and translation of the quality year plan into SMART action plans. 
Through quarterly reporting, data are collected on the progress of implementation, 
serving as input for the management review. The output of the management review is 
input for the next quality year plan, thus completing the planning cycle (Figure 8-8). 
The planning cycle helps to implement improvement efforts based on overall 
performance of all processes. This is the reason why the planning cycle is addressed in 
phase 3, which focuses on the third element of the Juran Trilogy: quality improvement. 
Another important activity is the writing of a quality manual, describing the complete 
QMS and its documents. This is only included in phase 3 as first the majority of technical 
QMS processes needs to be described before they can be included in the quality manual. 

 

 

 

Figure	8‐8:	The	QMS	planning	cycle	
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3.1.3 Personnel	
The division of Personnel activities is also closely aligned with the Juran Trilogy (Figure 
8-7). In phase 1 activities focus on quality planning by training staff on QMS 
implementation and making job descriptions for all positions and employees. 

Phase 2 focuses on quality control by establishing staff competency assessment and 
performance appraisal systems. In phase 3 laboratories identify potential conflicts of 
interest for staff members and ensure continuity of services by creating a personnel 
replacement matrix ensuring that critical processes and activities continue despite staff 
absence. 

Phase 4 focuses on quality improvement., e.g. implementation of a continuous 
education program and ensuring that staff members participate in quality assurance 
programs. Laboratories also need to assess if the number of staff is (still) sufficient to 
assure continuity of services without overburdening staff.  

3.1.4 Equipment	management	
This QSE starts with three activities: identifying all the laboratory equipment through 
developing an equipment register and verifying proper functioning, and drafting SOPs 
for operating equipment. This is at the basis of proper test execution and is therefore 
included in phase 1.  

The majority of QMS requirements for equipment management are addressed in phase 
2. This includes writing an SOP on procurement and reception to ensure equipment 
meets the laboratory’s requirements), equipment labelling, and training and 
authorizing staff members for using and maintaining each piece of equipment. 
Laboratories also start to implement maintenance and usage log sheets and develop an 
equipment management SOP. They also need to establish an equipment preventive 
maintenance program.  

No activities on equipment management are included in phase 3 because most of its ISO 
15189 requirements are addressed in phases 1 and 2 to assure quality at an early stage, 
In phase 4 two activities are included: verify continued proper functioning and establish 
a procedure to determine and correct potentially negative influences on previous test 
results when equipment is found to be defective. This is included in phase 4 because for 
this an information management system that ensures traceability of data is required, 
which is established in phases 2 and 3.  

3.1.5 Purchasing	and	Inventory	management	
The QSE ensuring quality reagents, consumables and other supplies starts with one 
activity in phase 1: preparation of stock cards and ensuring that stocks are neatly 
ordered. Similar to the QSE equipment, most activities are included in phase 2. This 
ensures quality controlled and assured testing materials at an early stage. Phase 2 
activities address, among others, the development of an inventory control register, 
initiation of acceptance testing, improvement of storage areas and standardization of 
the stock and ordering system.  
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Phase 3 contains a rather diverse set of activities, including a financial analysis of 
resources needed. This yields essential information to develop budgets. Another 
activity to optimize purchasing and inventory is to standardize the method for choosing 
suppliers of goods and services and evaluating contracts, and, related to that, making a 
procedure for selection and regular monitoring of the functioning of referral 
laboratories. As quality of laboratory services is directly dependent on the laboratory’s 
suppliers, ISO 15189 requires verification that referral laboratories also deliver quality 
assured results. No activities related to this QSE are included in phase 4. 

3.1.6 Process	management	
The activities for this QSE are again aligned with the Juran Trilogy, with phase 1 and 2 
activities focusing on quality planning and control while in phases 3 and 4 the focus 
shifts to quality improvement. 

Phase 1 activities include development of a proper test request form and a list of all 
tests performed guiding test SOP development. Standardizing test procedures is pivotal 
to quality assurance and is therefore included in phase 1. Phase 2 activities assure the 
quality of the primary laboratory process. This includes writing SOPs for the pre-
analytical phase for sample collection, reception and processing, developing sample 
acceptation and rejection criteria and procedures. Subsequently laboratories need to 
make process flowcharts, helping with identification of SOPs to standardize the entire 
primary process. Lastly, the internal quality control system is implemented.  

In phase 3 the turnaround time for each examination is determined and adherence is 
monitored. Examination procedures and equipment are validated. Validation of 
laboratory examination procedures is “the confirmation, through the provision of 
objective evidence, that the requirements for a specific intended use or application have 
been fulfilled” [40]. Phase 4 focuses on quality improvement through the identification 
and monitoring of quality indicators. This partly aims at quality control, but also helps 
to set benchmarks to improve process efficiency. 

3.1.7 Information	management	
No activities are included in phase 1. This is based on two notions: i) the decision to 
keep phase 1 simple and easy to achieve; including activities on information 
management would scatter the focus too much, and ii) strong interdependency of 
requirements related to information management requires one consolidated package 
of activities to assure quality; this is included in phases 2 and 3. In phase 2 laboratories 
standardize the reporting procedure including report review and authorization. A 
system for immediate notification in case of urgent results is established and the fastest 
method to assure that result reports are received by the requester is determined. Data 
storage is also addressed: for paper-based data recording, secure and proper storage 
needs to be arranged. Similarly, for digital data recording, laboratories need to organize 
regular backup of computerized systems. Patient confidentiality also needs to be 
ensured.  
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An archiving system ensuring protection but also quick retrieval of information is 
established in phase 3 and a contingency plan to ensure availability of laboratory 
information in case of computer failure is prepared. The implementation of this QSE 
ends with documenting the whole system in an SOP.  

3.1.8 Documents	and	records	
Like information management, management of documents and records activities are 
mainly allocated to phase 2 because of strong interdependency of requirements. In 
phase 1, laboratories develop a master SOP. This must precede the developing all other 
SOPs as the master SOP dictates how to write different types of SOPs and provides the 
framework. In phase 2, the remainder of the activities are included which all contribute 
to the establishment of a document control system. In phases 3 and 4 no activities are 
present.  

3.1.9 Customer	focus	
The customer is pivotal in quality management because the customer ultimately both 
defines and judges the quality of services [40]. ISO 15189 has several explicit 
requirements related to customer focus, including the provision of information to 
clients and measurement of client satisfaction, which are addressed in phases 2 to 4. In 
phase 2, a laboratory service manual is written and distributed to the clients. This 
requires identification of the different types of clients. Laboratories also need to 
document biological reference intervals/decision values for all examinations 
performed to facilitate result interpretation in the diagnostic decision-making process. 
In phase 3 laboratories start to measure client satisfaction and standardize the method 
of developing, reviewing and evaluating service delivery contracts. In phase 4 
laboratories assign a staff member which the clients can contact for professional advice. 
Laboratories also need to participate in clinical rounds and schedule regular 
discussions with clinical staff, where applicable, to identify the needs of clinicians 
regarding laboratory services in order to harmonize laboratory services with clinical 
needs.  

3.1.10 Assessment	
The last three QSEs (assessment, nonconforming event management and continual 
improvement) are part of the third component of the Juran Trilogy: quality 
improvement. Therefore, most activities related to these QSEs are allocated to later 
phases. 

Phase 1 of the QSE Assessment consists of one activity: conducting a baseline 
assessment of the laboratory. This is key for prioritizing QMS implementation activities. 
From phase 2 onwards laboratories need to participate in proficiency testing for each 
examination performed and standardize this procedure in an SOP.  

Phase 3 focuses on establishing the internal audit system. Because by now most of the 
technical elements of the QMS are established and most of the SOPs are written, internal 
auditing becomes a useful tool to optimize the QMS processes and documentation 
established so far, assisting laboratories with further implementing and optimizing the 
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QMS. Establishing an internal audit system earlier would risk loss of staff motivation as 
internal audits would yield many nonconformities because many systems and 
processes would not yet be fully in place. 

The two activities in phase 4 focus on conducting a so-called ‘mock audit’. Although this 
is not required by ISO 15189, from a cost-effectiveness point of view it is advisable to 
identify and address any remaining gaps in QMS implementation before the final 
accreditation assessment. The mock audit should be conducted by an external assessor 
because by now the laboratory staff and management may be blind for such gaps due 
to their intensive involvement in the QMS implementation. 

3.1.11 Nonconforming	event	management	
Nonconforming Event Management activities are only included in phase 4. The 
rationale being that first the QMS should be established before a nonconforming event 
management system becomes useful for closing any remaining gaps and optimizing 
processes. Addressing nonconformities and complaints in a standardized manner 
results in a permanent and verified cycle of system improvement. 

3.1.12 Continual	improvement	
Continual Improvement activities are also only included in phase 4. These activities 
require laboratories to conduct a failure mode effect analysis (FMEA) based on the 
Healthcare Failure Mode Effect Analysis method [41]. This tool validates complete 
laboratory processes. This will identify any remaining inconsistencies and gaps in 
standardization and quality assurance. FMEA informs the final improvements to 
maximize the level of quality assurance of laboratory services.  

4 CONCLUDING	REMARKS	
Since their launch, both tools have been accessed by numerous users worldwide. Google 
Analytics usage reports show that between 26 February 2014 and 27 March 2019 the 
LQSI tool had been visited by 225,156 unique users from all UN listed states with trends 
showing a continued consistent increase over time (Figure 8-9) (Chapter 9, [19]). 
Google Analytics data also show that over the past four years (1 January 2015 – 31 
December 2018) the GLI tool has been visited by 23,521 users from 204 of the 206 UN 
listed states, of whom 1,764 (7,5%) were returning visitors. The considerable 
difference in numbers between the LQSI and GLI tool can be explained by the smaller 
target audience of the GLI tool, namely national TB (reference) laboratories. In addition, 
advocacy efforts for the LQSI and GLI tools differed. WHO conducted more advocacy for 
the LQSI tool, including the development of a training module and three movies about 
quality management and the LQSI tool (https://www.who.int/ihr/lyon/hls/en/). 

The combination of the contextual design model with the consensus approach was 
effective: directly involving both users and experts on medical/public health laboratory  
strengthening and QMS implementation in the design process eliminated the need for 
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observational studies which normally are part of the contextual design process. This 
allowed for efficient user-data collection and design of the tools. 

Both tools have been received with great enthusiasm and studies have shown broad 
applicability and use of particularly the LQSI tool (Chapter 9, [19]). After being in use 
for seven and five years, respectively, it is necessary to revise the GLI and LQSI tool to 
improve content and user friendliness based on feedback and new insights and 
technology. Possible ways in which the tools can be improved are discussed in the 
Conclusions and general discussion (Chapter 10).  

Currently efforts are made to merge the GLI tool with the LQSI tool because many 
activities in version 2.0 of the GLI tool are similar to activities in the LQSI tool. This 
comes as no surprise since quality management principles based on ISO 15189 are 
generic and applicable for any type of medical laboratory. The GLI and LQSI tools differ 
mainly in additional materials provided. As such, GLI has requested the addition of TB 
laboratory-specific additional materials to the LQSI tool. Buttons to these TB laboratory 
specific guidance materials will be added to selected LQSI tool activities. In this way, 
merging of the two tools can lead to a more efficient use of funds without decreasing 
quality of QMS implementation guidance for TB laboratories.  
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