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1 QUALITY	OF	HEALTH	LABORATORIES	IN	LOW‐	AND	
MIDDLE‐INCOME	COUNTRIES	

Even though laboratory results influence approximately 70% of the medical decisions, 
laboratories in low- and middle-income countries (LMICs) have long been a neglected 
component of health care systems and received limited attention from governments 
and development aid efforts alike [1–14]. A negative spiral was created of 
clinicians/health workers neither using, nor trusting, results produced by laboratories 
and basing their diagnostic decisions solely on clinical signs and symptoms, leading to 
underuse of laboratories, which in turn may have contributed to neglect of laboratory 
services [6,7,15–18]. Before 2008 most of the funding for development aid was invested 
in vertical programs focusing primarily on improving clinical treatment of the three 
major infectious diseases: HIV, tuberculosis and malaria [8,14,19,20]. Little was 
invested in laboratory strengthening [18,19,21,22]. On the contrary, there are 
indications that the vertical programs approach overwhelmed health laboratory 
services in the public sector which were already struggling with human resource 
shortages and inadequate infrastructure [10,23–26]. However, this statement needs to 
be made with caution as there is also evidence that the HIV epidemic has driven 
laboratory strengthening efforts, among others in Africa, Thailand and the Caribbean 
Region, and through the President’s Emergency Plan for AIDS Relief (PEPFAR) [5,7,26–
35].  

The tide began to turn during the first decade of the new millennium [2,7,15,36]. 
Several studies demonstrated poor reliability of diagnostic decisions based on clinical 
judgement of symptoms alone without considering laboratory results [10,18]. For 
example, Reyburn et	al. [37] found overdiagnosis of malaria in 4,670 patients admitted 
to hospitals and treated for malaria: less than 50% actually had malaria confirmed by 
blood smear. Similar phenomena were observed in studies conducted in, among others, 
Ghana and Kenya [16,18,38–45]. Adverse effects can be twofold: patients do not receive 
the right treatment for their disease (undertreatment) and/or may be treated for a 
disease they do not have (overtreatment).  

The notion that laboratories are also crucial in the public health context gained ground 
following the revision of the International Health Regulations in 2005 (IHR 2005) 
[46,47]. Laboratory strengthening is one of the eight core capacities of the revised IHR 
2005 monitoring framework [48]. This is driven by the rationale that availability of 
accurate and reliable laboratory testing capacity in each country is essential for 
adequate prevention, detection, and treatment of global public health threats [48]. 
Early detection and management of diseases is only possible with responsive 
laboratories and laboratory systems [46,49,50]. 

A key intervention to strengthen laboratory services is the implementation of a quality 
management system (QMS) [15,17,49–58]. A QMS based on international standards 
such as ISO 15189, the standard for quality and competence for medical laboratories, 
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enables a laboratory to assure accurate, reliable and timely testing results 
[51,53,55,57,59]. Since the launch of the ISO 15189 standard in 2003, laboratories 
around the world have started the implementation of a QMS in line with this standard 
[59–68]. Although intended as a voluntary process, some countries have even gone 
ahead and made ISO 15189 accreditation mandatory for several (high-risk) tests 
(Belgium, Germany and Switzerland) or the complete test menu (France, Hungary and 
Australia) [61,63,69–71]. Several researchers noted that, while high-income countries 
easily adapted their well-organized routine laboratory services for implementation of 
the IHR 2005, LMICs need considerable capacity building as many gaps still exist, which 
include poor QMS implementation [6,46]. Studies show that laboratory accreditation in 
LMIC is uncommon [35,55,72–75]. For example: Alemnji et	al. [76] show that in the 
Caribbean region, as of 2008, nine of the 173 laboratories were accredited, of which six 
were medical laboratories which were all private or faith based. Hence, although 90% 
of the population uses public government laboratories, none of these were accredited 
[35]. Challenges related to implementing quality standards in resource-limited settings 
include sub-standard staff training and education, poor quality physical infrastructure, 
a lack of in-country equipment maintenance capacity and a lack of availability of quality 
reagents, financial constraints, climate extremes, and geographic isolation [7,55,74,77].  

Implementation of a QMS is a complex process as it is an intervention that impacts on 
all aspects of the laboratory [53,78]. Therefore, it can be challenging and resource- and 
effort-demanding, especially if not well planned [50,52,55,62,73,79–85]. In 2010, at the 
start of this PhD project, guidance for implementation of a QMS for health laboratories 
was little to non-existent. Most laboratory strengthening initiatives existing today were 
still under development and/or were difficult to access. To participate, laboratories had 
to be selected and/or prioritized by, for example, the Ministry of Health [27,32,86]. In 
addition, all initiatives, of which the most important ones are discussed below, had a 
regional scope. QMS implementation guidance equitably accessible to all laboratories 
worldwide was non-existent, creating an urgent need for laboratory QMS 
implementation guidance based on international standards, that was: 

 Able to effectively assist laboratories with implementing a QMS on a day-to-
day basis using a rational, efficient approach without compromising continuity 
of services. 

 Equitably accessible, free of charge, to all health laboratories worldwide 
including and especially to those in LMICs, and regardless of their type 
(public/private-for-profit/private-not-for-profit/etc.), scope and test menu, 
size, capacity, and position in the laboratory network. 

The unavailability of, yet urgent need for guidance meeting the abovementioned 
criteria formed the foundation and driver of this PhD project. This PhD project thus 
targets the problem of a lack of quality assurance of laboratory results and services in 
LMICs. 
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2 THEORETICAL	BACKGROUND	
This paragraph describes the theoretical background and important basic concepts, 
including the background and evolution of quality management and quality 
management systems, a review of the landscape in which this PhD project was 
conducted, and the conceptual framework, analyzing the problem being addressed and 
providing insight into the causes and effects.  

2.1 IMPORTANT	 CONCEPTS	 AND	 DEFINITIONS	 IN	 QUALITY	

MANAGEMENT	
Joseph M. Juran, a pioneer in the development of the modern-day concept of quality 
management, defined quality as characteristics of products meeting the needs of the 
customer with absence of deviations, summarized under the term “fitness for use” 
[87p351]. Quality is defined by the International Organization for Standardization (ISO) 
as the “degree to which a set of inherent characteristics fulfils requirements” 
[88p4,89p7]. ‘Requirement’ is defined as a “need or expectation that is stated, generally 
implied or obligatory”, whereby it is noted that ’Generally implied’ means that it is 
custom or common practice for the organization, its customers and other interested 
parties (person or group having an interest in the performance or success of an 
organization) [89p7]. Hence, quality is determined and judged by the organization 
producing a product or delivering a service, its customers and other interested parties, 
both internal and external to the organization, which have in common that they all have 
a stake or interest in the product or service.  

Quality	management is defined by ISO as “coordinated activities to direct and control an 
organization with regard to quality”, noting that this “generally includes establishment 
of the quality policy, quality objectives, quality planning, quality control, quality 
assurance and quality improvement” [89p9].  Quality	planning is the “part of quality 
management focused on setting quality objectives and specifying necessary operational 
processes and related resources to fulfil the quality objectives, which are generally 
specified for relevant functions and levels in the organization” [89p9]. Quality	control is 
the part of quality management focused on fulfilling quality requirements [89p9]. As 
opposed to inspection, which is an arbitrary (-partly subconscious-) process to detect 
errors, quality control is an active, structured implementation of control steps at 
strategic points in a process to monitor correct performance and output (in compliance 
with predefined requirements).  

Quality	assurance is the “part of quality management focused on providing confidence 
that quality requirements will be fulfilled” [89p9]. Hence, quality assurance entails all 
activities aimed at standardizing all steps in a process required for producing a quality 
product or service, which includes minimizing the risk of variation and defects. Quality 
control and quality assurance are two complementary elements whereby quality 
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control is aimed at detection of noncompliance while quality assurance is aimed at 
prevention of noncompliance. 

Lastly, quality	improvement is the “part of quality management focused on increasing 
the ability to fulfil quality requirements”, which “can be related to any aspect such as 
effectiveness, efficiency or traceability” [89p9]. Hence, aside from detecting and 
preventing noncompliance, quality management also includes activities aimed at 
continuously improving organizational processes in order to improve quality and 
further minimize the probability of noncompliance.  

A key term used in this thesis is ‘quality	management	system’, which is defined by ISO 
as the “management system to direct and control an organization with regard to 
quality” [88p4,89p8]. Hence it is the set of interrelated and interacting processes and 
elements aimed at implementing and operationalizing quality management in an 
organization.  

An important model underlying the concept of quality management is the plan‐do‐check	
act	 cycle (Figure 1-1), or Deming-cycle, named after its founding father William 
Edwards Deming [53]. QMS standards published by ISO are constructed based on this 
model; in each paragraph of the ISO standards the first set of requirements are 
generally aimed at planning for quality, followed by requirements aimed at 
implementing and controlling quality, followed by requirements for activities to be 
undertaken in case of noncompliance.  

2.2 EVOLUTION	OF	QUALITY	MANAGEMENT	
Joseph M. Juran elaborately discusses the evolution of quality management in his book 
“Juran on leadership for quality: an executive handbook” [87]. This paragraph is largely 
based on this book. 

Although humans have always sought and desired quality, before the 20th century the 
management of quality was based on two simple principles: 

Plan

DoCheck

Act

Figure	1‐1:	The	Plan‐Do‐Check‐Act	cycle	which	lies	at	the	basis	of	quality	management	
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1. Caveat	emptor	(i.e. let the buyer beware): the principle that the buyer alone is 
responsible for checking the quality and suitability of goods before a purchase 
is made [87,90].  

2. Craftsmanship: the buyer trusts the craftsman based on his skills and 
reputation [87]. Apprentices learned the tricks of the trade from craftsmen, 
upon which they became craftsmen themselves and eventually could become 
masters which could start their own shop or business. 

When trade started to cross the borders of cities, craftsmen started to form guilds, 
which developed strict requirements towards quality of products produced by their 
members. They formulated specifications for raw materials, processes and final 
products, and they checked the work and final products against these specifications 
[87].  

With the industrial revolution came the rise of corporate industry which started to 
overtake the small independent shops and made them unprofitable. Craftsmen became 
factory workers and masters became foremen. Initially, the approach to quality 
management remained the same and was still dependent on the skills and 
competencies of the factory workers, sometimes with additional sampling and 
supervision undertaken. Over the course of time factories started to create and 
implement written specifications for materials, processes, final products and test 
methods, establish measurement and control departments, and implement 
standardization [87].  

The 20th century showed an enormous increase in range of products and services, both 
in terms of volume and complexity. This created a new challenge and sparked a new 
approach to quality management: quality engineering, in which statistical methods 
were applied to manage the quality of the production processes. The pioneering work 
on this approach was done around 1920 by Walter Shewhart and his team at Bell 
Telephone [87]. Shewhart set forth the essential principle of controlling variation 
through the application of control charts. The approach of statistically controlling a 
process allowed for distinction between assignable and chance cause variations. 
Through this approach it became possible to predict future output and to economically 
manage processes. As such, Shewhart has often been referred to as the father of 
statistical process control, which is a concept that evolved especially during the Second 
World War when production of massive amounts of military goods required a new 
strategy to ensure quality of these goods [91].  

Japan considerably influenced the evolution of the modern-day concept of quality 
management after the Second World War, when it launched a program to reach its 
national goals through (international) trade [87,92]. Its main challenge was to change 
its reputation of producer of poor-quality products, caused by the export of products of 
inferior quality before the Second World War. As such, the country started to send 
teams to foreign companies to study their approach to quality management, it 
translated literature on quality management, and international experts were invited to 
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lecture and organize courses in Japan. This led to development of unprecedented 
strategies which were characterized by [87]: 

 Ownership by top management, leading the quality revolution themselves. 
 Training in quality management provided to all levels and positions in an 

organization. 
 Continuously ongoing quality improvement efforts with often drastic 

measures. 
 Inclusion of employees in quality improvement efforts through the quality 

circle approach, where groups of (trained) employees voluntarily participate 
in the design and implementation of solutions to problems.  

Japan’s revolutionary approach led to a major leap in quality of Japanese products and 
international competitiveness compared to the Western industry, which, initially, 
remained price-oriented rather than quality-oriented. This was signified by the 
Western industry responding to the Japanese ‘threat’ by decreasing the costs of their 
production processes, among others by outsourcing them to lower-income countries. 
However, while the years passed, the price differences between Western and Japanese 
products started to decrease while quality differences continued to grow. In the 1960’s 
and 1970’s this led to a considerable rise of the Japanese market share in the Western 
world, mainly in electronics, the car industry, steel and tools [87,92]. 

The reaction of Western world varied; all types of strategies were designed and tried, 
some of which proved to be useful and others failed [87]. One of the key persons who 
studied and combined quality strategies was Joseph M. Juran: in 1951 he published the 
Quality Control Handbook, which has been renewed and expanded since and is still 
considered to be the ‘bible on quality management’ [91]. One of the important 
contributions of Juran (who visited Japan many times) to the evolution of the concept 
of quality management is the development of a model, which divides quality 
management into three management processes (in the rest of this thesis referred to as 
the Juran	Trilogy	model) [87]: 

 Quality planning 
 Quality control 
 Quality improvement 

In this model, quality	planning encompasses all support processes and systems needed 
to develop a product or service that fulfills client needs. Quality	control encompasses 
support processes and systems needed to control the quality of the product or service 
during its generation through verification that the product or service meets predefined 
standards and through elimination of deviations. Quality	improvement encompasses all 
processes and systems aimed at continuously identifying and exploiting opportunities 
for improvement [87].  

In the last four decades the concept of quality management further evolved. In the mid-
1980’s the use of the term ‘total quality management’ (TQM) started to rise [92]. This 
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term (its origin is unknown [92]) can be regarded as a consolidation of the various 
theories on quality management developed in both Japan and the Western world. 
Dimensions of TQM include top management support, customer relationship 
management, supplier relationship management, workforce management, employee 
attitude and behavior, product design processes, process flow management, quality 
data and reporting, role of the quality department and benchmarking [92].  

In 1987 the ISO 9000 series of standards was published and has been renewed regularly 
to help companies to effectively document and maintain a QMS [93]. The ISO 9000 
quality system clearly incorporates the TQM principles [89,94]. ISO 9000 is not specific 
to any one industry and can be applied to organizations of any size [89]. Within the ISO 
9000 series, the ISO 9001 standard provides the requirements to a QMS [89,94]. It is 
the only standard within the ISO 9000 family to which organizations can certify [93]. 
Certification is awarded based on conformity with the requirements of this standard. 
The ISO 9001 standard has become the most successful standard in the history of ISO, 
and its popularity paved the way for other standards [93], including the ISO 15189 
standard for quality and competence of medical laboratories, which was first published 
in 2003 and is based on ISO 9001 [88].  

2.3 THE	ISO	15189	LABORATORY	QUALITY	MANAGEMENT	SYSTEM	
Whereas the concepts of quality management evolved and became ingrained in the 
manufacturing industry in the 20th century, it is still a relatively new concept in 
healthcare. Komashie [90] hypothesized that “the pursuit of healthcare quality came 
out of a concern for better health or lost lives as perceived by individual professionals”. 
The definition of quality of medical care and method of measuring this has been subject 
to extensive discussions [95].  For a long time quality in healthcare was perceived to be 
related to the craft and expertise of individual healthcare workers [96]. However, in 
recent years the primary concern for quality in healthcare has been fueled, as in 
industry, by an increasingly pressing need to satisfy the customer (or patient) as a 
prerequisite for staying in business [90,97,98]. It was not until the 1980’s that the 
discussion on hospital accreditation gained international momentum [98–100]. Even 
later, the principles of TQM started to make their way into the medical laboratory 
sector. Initial discussions on the need for medical laboratory quality standards and 
implementation of TQM in the medical laboratory context appear in literature in the 
1990’s [101,102]. This resulted in formulation of guidance documents and criteria for 
quality systems in medical laboratories by professional societies to facilitate medical 
laboratories with translation of more generic standards for test and calibration 
laboratories, such as the Clinical Laboratory Improvement Amendments (applicable to 
the US, initially developed in 1967 and modernized in 1988 with addition of many 
specifications), EN 45001 (published in 1989, applicable to the EU), and ISO Guide 25 
(published in 1990), into the medical laboratory context [102–121]. Before that time 
the focus was mostly limited to implementation of quality control procedures, led by 
Westgard, and proficiency testing [106,107,122–125]. In 2003 the first version of the 
international standard for quality and competence of medical laboratories, ISO 15189, 
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was published [88]. Major drivers included (but were not limited to) the absence of 
requirements in aforementioned standards which cover the laboratory-clinic dialogue 
with patient instruction, selecting tests, collecting samples and interpreting results, and 
absence of requirements related to safety in the medical laboratory context 
[106,108,109,126–128]. Another driver was the overall development of more stringent 
requirements in related fields in general, which include the test and calibration 
laboratories and in‐vitro diagnostic test development [109,120,121,126]. As Libeer 
stated in 1999 [109]: “from a social point of view it would be unacceptable if other 
laboratories (e.g. those analyzing pet foods) were held to more stringent quality criteria 
than laboratories analyzing medical samples from patients”.  

ISO 15189 provides requirements for a laboratory QMS based on the TQM model. 
Implementation of a laboratory QMS is an organization-wide intervention. It aims at 
assuring quality of the total testing process by assuring the quality of all the systems 
supporting this process, including personnel management, procurement and supply 
management, equipment and facility management, documents, records and 
information management, and the overall organization and management of the 
laboratory. It also focuses on (bio)safety and introduces the plan-do-check-act cycle 
(Figure 1-1) for continuous improvement by establishment of assessment and 
nonconforming event management processes to ensure that all the activities in the 
laboratory are monitored, reviewed and improved if necessary. Most importantly, the 
laboratory QMS ensures that the laboratory acts in the best interest of all its customers 
[53,88,129].  

ISO 15189 is a standard to which laboratories can be accredited, which is a recognition 
of the laboratories’ quality and competence. Whereas certification (applicable to ISO 
9001 as explained above) indicates conformity with requirements [89], accreditation 
indicates that “a body or person is competent to carry out specific tasks” [88]. Hence its 
scope is broader than just conforming with requirements; it also focuses on whether an 
organization is sufficiently competent to carry out the work and produce a quality 
product or service [111]. Accreditation signifies that an organization has the 
competency to continuously provide quality assured services and continuously 
improve these services [88]. For accreditation, a laboratory is assessed by an 
independent accreditation body to investigate whether the QMS indeed functions as it 
is supposed to and whether it complies with the complete ISO 15189 standard. This 
accreditation body itself also operates in compliance with a standard (ISO 17011) and 
is an affiliate or member of the International Laboratory Accreditation Cooperation 
(ILAC) [130,131].  

The Clinical and Laboratory Standards Institute (CLSI) has developed the Quality 
System Essential (QSE) model which divides the ISO 15189 laboratory QMS into 12 
elements, each contributing to quality control and quality assurance of laboratory 
services (Figure 1-2) [113,132]. This model plays a role in most studies of this PhD 
project. This PhD thesis follows the definition of each QSE provided in CLSI’s GP26 
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guideline on the laboratory QMS and the Laboratory Quality Management System 
handbook of the World Health Organization (WHO) [53,113,132] (Box 1-1). For several 
studies of this PhD thesis the QSE model was combined with the Juran Trilogy model 
(Figure 1-3) [87]. 

Box	1‐1:	Brief	description	of	QSEs,	based	on	CLSI’s	GP26	guideline	on	the	laboratory	QMS	and	WHO’s	
Laboratory	Quality	Management	System	handbook	[53,113,132]	

1. Facilities	and	Safety 
Requirements to laboratory facilities to facilitate correct conduct of the primary 
laboratory process and support processes. Adequate safety measures need to be 
in place to protect the quality and safety of the primary laboratory process, the 
laboratory workers, patients and the community. 

2. Equipment 
Requirements for procurement, maintenance and calibration of equipment to 
control and assure quality and correct functioning of equipment necessary for 
the primary laboratory process. 

3. Purchasing	and	inventory 
Requirements for procurement, maintenance, stocking and fit-testing reagents 
and consumables to control and assure quality of supplies required for the 
primary laboratory process. 

4. Personnel 
Requirements for correct management of personnel to assure competency of 
personnel that is able to assure the quality of their work in the laboratory. 

5. Documents	and	records 
Requirements for developing, maintaining and using documents and records to 
standardize and assure the quality of the procedures of the primary laboratory 
process and support processes, and to assure the quality of data management. 

Figure	1‐2:	The	Quality	System	Essential	model	developed	by	the	Clinical	and	Laboratory	Standards
Institute	[129]	

Facilities & 
Safety

Personnel Equipment
Purchasing & 
Inventory

Organization
Process 

Management
Information 
Management

Documents & 
Records

Customer Focus Assessment
Nonconforming 

Event 
Management

Continual 
Improvement
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6. Process	control 
Requirements for defining the primary laboratory process and implementing 
measures to control and assure the quality of the primary laboratory process 
through process monitoring, validation and verification. 

7. Information	management 
Requirements to assure quality of handling all the types of data produced and 
used in the laboratory. 

8. Nonconforming	Event	Management 
Requirements for adequately handling nonconformities (e.g. noncompliance, 
unexpected events, errors, customer complaints, incidents and accidents). In 
such cases functional corrective actions must be implemented to minimize 
severity of consequences and prevent reemergence of the same or similar 
nonconformities.  

9. Customer	service 
Requirements for customer management. The laboratory must assess customer 
needs, measure customer satisfaction and adapt its services accordingly to 
continuously strive for quality improvement.  

10. Assessment 
Requirements to continuously monitor performance, compliance with standards 
and correct functioning of the laboratory processes, among others through: 

o Internal quality controls 
o Internal auditing 
o Using quality indicators 
o External Quality Assessment (EQA) 

11. Continual	improvement 
Requirements for continual improvement activities to be undertaken by the 
laboratory. 

12. Organization	
Requirements to organization and management of the laboratory and assuring 
correct implementation and functioning of the QMS. 

 

2.4 MAJOR	LABORATORY	STRENGTHENING	INITIATIVES	IN	LMICS	
ISO 15189 made medical laboratory accreditation possible on an international scale 
[88,113]. Since the publication of its first version in 2003, medical laboratories 
worldwide have started to implement a QMS and pursue accreditation. However, at the 
same time it was recognized that laboratories in LMICs were suffering from decades of 
neglect [2–4,7–14,18,73]. As laboratory systems play an essential role in the 
implementation of the IHR 2005, the attention to the need for strengthening 
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laboratories and laboratory systems in LMICs also increased following the publication 
of the IHR 2005. 

In 2008, WHO and U.S. Centers for Disease Control and Prevention (CDC) jointly 
organized a conference in Lyon, France. During this conference the implementation of 
laboratory QMSs around the world was reviewed and it was noted that in most LMICs 
the implementation of QMSs was limited to non-existent. The main recommendations 
resulting from this conference stated that [49,50]: 

 Countries should organize national structures to support a country-wide 
laboratory quality system. 

 Countries should establish national laboratory quality standards according to 
country-specific needs based on internationally agreed standards. These 
standards need to take into account the local factors, including any pertinent 
regulations, organization of the country’s laboratory system(s), and resource 
constraints.  

 Countries with limited resources are recommended to consider taking a staged 
approach, where principal requirements for all are stated in the national 
laboratory standards as a minimum requirement while more advanced and 
national reference laboratories are encouraged to aim at meeting 
internationally accepted standards such as ISO 15189.  

Several national and regional initiatives served as an example feeding into the 
formulation of these recommendations. These included the establishment of the 
national laboratory accreditation systems in Thailand and Argentina and a laboratory 
strengthening project in the Caribbean Region [50].  

Since the formulation of these recommendations three important regional initiatives 
have been launched of which two in Africa: the Stepwise Laboratory Improvement 

Quality Planning

Facilities and Safety

Personnel

Equipment

Purchasing and Inventory

Quality Control

Organization

Process management

Information Management

Documents and Records

Quality Improvement

Customer Focus
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Nonconforming Event 
Management

Continual Improvement

Figure	1‐3:	The	Quality	System	Essential	model	combined	with	the	Juran	Trilogy	[87,129].	The	QSEs
have	been	assigned	to	the	category	of	the	Juran	Trilogy	that	best	fits	with	their	focus	
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Process Towards Accreditation (SLIPTA) and the Strengthening Laboratory 
Management Towards Accreditation (SLMTA) [7,15,133,134]. In the Caribbean region 
the Laboratory Quality Management System Stepwise Improvement Process (LQMS-
SIP) was developed in 2010, also in line with the recommendations of the joint WHO-
CDC conference. Each is described below. 

2.4.1 SLIPTA	
SLIPTA is an accreditation program aimed at strengthening quality and competence of 
clinical, public health, and reference laboratories in the African region [29,86,135–137]. 
In 2009, the WHO Regional Office for Africa (WHO-AFRO), in collaboration with CDC 
and other partners launched SLIPTA’s predecessor, the WHO-AFRO laboratory 
accreditation process [7,15,133,134,138]. The launch of this program was the result of 
a series of events that took place in the preceding year:  

 The WHO-CDC joint conference on laboratory quality systems, described above 
[49,50]. 

 Drafting of the Maputo declaration calling for strengthening of laboratory 
systems in the African Region [4,5,139]. 

 Adoption of  resolution AFR/RC58/R2 by the Regional Committee calling for 
strengthening of public health laboratories in the African Region [140]. 

In 2011 a stakeholder meeting was organized in Nairobi, Kenya, where the WHO-AFRO 
Laboratory Accreditation Process was renamed into SLIPTA [7,86,133]. In 2012, WHO-
AFRO designated the African Society for Laboratory Medicine (ASLM) as implementing 
body and SLIPTA secretariat [86,134,141]. ASLM established SLIPTA’s implementation 
structure consisting of [86,141]: 

1. WHO-AFRO SLIPTA Focal Point, responsible for mobilization of resources, 
providing guidance on content and implementation, and reviewing and 
updating SLIPTA. 

2. Ministry of Health SLIPTA Focal Point, responsible for in-country promotion of 
laboratory improvement through SLIPTA. The Ministry of Health develops an 
implementation plan and prioritizes SLIPTA applicant laboratories and 
allocates financial and human resources for SLIPTA implementation. 

3. ASLM-certified SLIPTA auditors, responsible for conducting audits and 
providing advice to the auditees. 

4. SLIPTA independent advisory group, enrolling laboratories into the SLIPTA 
program and organizing audits and making a final decision on laboratory 
recognition through awarding a star rating based on audit reports (ranking 
from zero to five stars). Star ratings are valid for a two-year period [134,141]. 

The ASLM2020 goal for laboratory accreditation includes enrolment of 2,500 
laboratories in SLIPTA and 250 public laboratories accredited by international 
standards by the year 2020 [134]. 
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Not all laboratories can voluntarily participate in SLIPTA because Ministries of Health 
are encouraged to select laboratories in phases, considering tiered laboratory networks 
and giving precedence to laboratories that have already completed laboratory quality 
improvement training. Eligibility criteria include a SLIPTA self-audit score of 55% or 
higher, participation in proficiency testing schemes or alternative methods in the past 
six months and having conducted internal audits and a management review in the past 
12 months. The laboratory should also have documented its QMS [141].  

After enrollment, a laboratory is audited to determine its initial star rating. Laboratories 
are expected to work towards the next star. Laboratories that achieve a five-star rating 
are encouraged to apply for ISO 15189 accreditation [141].  

Ndihokubwayo et	al. summarized roll-out of the SLIPTA up to 2016. Main findings of 
this study are mostly related to the roll-out of the program rather than its effectiveness. 
One key finding is that  advocacy for laboratory strengthening is key to the SLIPTA roll-
out process (as it is owned by the Ministry of Health) and that particularly Francophone 
and Lusophone countries are not well covered [134]. An explanation of the latter may 
be that SLIPTA was initially implemented through PEPFAR, which is oriented towards 
Anglophone countries [134]. Other than this study no papers have been published 
specifically on the roll-out and effectiveness of the SLIPTA program. Even though 
PubMed returns a high number of hits when searching for ‘SLIPTA’, the vast majority of 
the papers are about the SLMTA program, which uses the SLIPTA checklist to measure 
progress made by enrolled laboratories. 

The SLIPTA is further reviewed and discussed in Chapters 4 and 5 of this thesis. 

2.4.2 SLMTA	
SLMTA was launched simultaneously with SLIPTA in 2009 [7,86,133]. SLMTA is a 
training and mentoring program that assists laboratory managers over a period of 12-
18 months with improving their laboratory, including the implementation of a QMS up 
to a 3-star SLIPTA level [16]. The SLMTA program consists of three workshops 
alternated with work-based improvement projects supported by site visits and 
mentoring. Participating laboratories are selected by the Ministry of Health 
[16,25,32,86,134,141,142].  

SLMTA teaches laboratory managers specific behaviors and job routines required to 
implement practical quality management processes in resource-limited settings using 
available resources. Each enrolled laboratory is audited at the start (baseline) and at 
the end (exit) of the program using the SLIPTA checklist. The difference between the 
baseline and exit scores is calculated to quantify the effect of the program. The point-
based scoring system of the SLIPTA checklist also facilitates monitoring and visually 
displaying a laboratory’s progress over time. It also allows laboratories enrolled in the 
same cohort to compare their performance with each other. Besides using the SLIPTA 
checklist as a tool to track the overall progress of SLMTA-enrolled laboratories, 
individual scores for each QSE can also be calculated and tracked over time, helping 
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laboratories to prioritize their efforts for areas that have been the hardest to improve 
[142]. 

SLMTA was developed by CDC in collaboration with the American Society for Clinical 
Pathology (ASCP), Clinton Health Access Initiative (CHAI), the Association of Public 
Health Laboratories (APHL), CLSI, and the American Society for Microbiology (ASM), 
and initially implemented in several African countries benefiting from the PEPFAR 
program [32,33,142]. While the program was rolled out further it became also available 
in French, Portuguese, Spanish, Vietnamese, and Khmer. Since June 2015 most of the 
English SLMTA training materials are available online at www.slmta.org.  

Using a training-of-trainers strategy to build local capacity for rapid expansion and 
country ownership, by end of 2013, the SLMTA program had trained 433 trainers, who 
in turn, taught more than 1,900 people to implement the program in 617 laboratories 
in 47 countries across Africa, the Caribbean region, Latin America, and Southeast Asia 
[143,144]. Meta-analysis performed by Luman et	al. [145] on the QSE scores (based on 
the SLIPTA checklist) from 126 laboratories in 12 countries identified internal audit, 
occurrence management, corrective action and management reviews as the most 
challenging elements. As a result, a new complementary curriculum (SLMTA 2) has 
been developed to strengthen these four elements [16].  

To date (12 December 2019), 117 laboratories that participated in the SLMTA program 
have been accredited to ISO standards – they include both public health institutes and 
hospital laboratories, and range from national and provincial, to district levels [146]. 

The Foundation for Innovative New Diagnostics (FIND) has developed the TB Stepwise 
Laboratory Management Towards Accreditation (TB-SLMTA) training program. This is 
a modified version of the SLMTA program that includes modules and guidance specific 
to tuberculosis (TB) laboratories (in areas such as safety, sputum collection and 
specimen transport) and TB-specific activities, examples and tools extracted from the 
GLI tool, which was developed as part of this PhD project and presented in Chapters 7 
and 8. Up to 2019, the TB-SLMTA curriculum and the checklist have been used in 37 
laboratories in 10 countries [147–149]. 

2.4.3 LQMS‐SIP	
The LQMS-SIP is a large-scale laboratory strengthening initiative in the Caribbean 
region developed in 2010 [27,76]. Aligned with the recommendations formulated 
during the Joint WHO-CDC Conference on laboratory quality systems in Lyon, France, 
2008, LQMS-SIP is a scheme that takes a progressive approach towards ISO 15189 
accreditation based on minimum requirements. It facilitates laboratory quality 
improvement towards international ISO 15189 accreditation through assessments, 
technical assistance, and monitoring of progress.  

Under the coordination of the Caribbean Community Regional Organisation for 
Standards and Quality (CROSQ), the LQMS-SIP is a three-tier system. For its 
implementation, CROSQ is working with the Caribbean Public Health Agency 
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(CARPHA), Ministries of Health and bureaus of standards, regional accreditation bodies, 
professional associations and non-governmental organizations, the Pan American 
Health Organization (PAHO)/WHO and CDC. Laboratories selected for enrolment by 
national governments first need to comply with the requirements of the first tier. 
Subsequent tiers focus on extended implementation of ISO 15189 requirements. Once 
laboratories are assessed and allocated to a specific tier, they are expected to maintain 
their tier rating and work towards the next tier, which will be evaluated during a 
reassessment. When compliance with Tier 3 requirements has been achieved a 
laboratory is ready – and is encouraged – to enroll in an international ISO 15189 
accreditation scheme [27,76,150]. 

All registered public and private laboratories in the Caribbean Region are eligible and 
can apply for inclusion in LQMS-SIP. Ministries of Health or the national bureau of 
standards of each country will determine whether the applying laboratory meets the 
minimum requirements before a formal application is sent to the LQMS-SIP secretariat. 
In parallel, Ministries of Health are encouraged to revisit their national licensing 
systems according to Tier 1 requirements. Countries with no licensing system are 
expected to establish their national regulations to include Tier 1 mandatory 
requirements or to establish a legal framework for recognizing Tier 1 as equivalent to 
national licensure [76,150].  

To date, no results have been published about the effectiveness of the LQMS-SIP. 

2.5 CONCEPTUAL	FRAMEWORK	
The problem being addressed by this PhD project is the lack of quality assurance of 
health laboratory results and services in LMICs. The below conceptual framework 
provides an overview of the causes and effects, and the causal relationships underlying 
this problem (Figure 1-4).  

In summary, three root causes can be identified in the conceptual framework, all 
leading to lack of QMS implementation in laboratories in LMICs as discussed in 
paragraph 1. The first is QMS being a relatively new concept to the health laboratory 
sector. The second is neglect of laboratories by development efforts and the third is the 
lack of effective, easily accessible guidance for QMS implementation on a day-to-day 
basis, as discussed in paragraphs 1 and 2 above. 
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Figure	 1‐4:	 Conceptual	 framework,	 visualizing	 causes	 and	 effects	 (grey	 boxes)	 of	 the	 problem	
addressed	(black	box).	QM:	quality	management.	
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3 RESEARCH	DESIGN	

3.1 MAIN	OBJECTIVE	AND	RESEARCH	QUESTIONS	
This PhD project targets the lack of quality assurance of laboratory results and services 
in LMICs. As such, the main objective of this PhD project is: 

To	 gain	 insight	 into	 the	 challenges	 of	 assuring	 quality	 of	 health	 laboratory	
services	 in	LMICs,	and	design	and	assess	a	method	 to	effectively	assist	health	
laboratories	worldwide	with	the	implementation	of	a	QMS	based	on	international	
standards. 
The question that this PhD project aims to answer is:  

How	 can	 health	 laboratories	worldwide	 effectively	 implement	 a	 QMS	 based	 on	
international	quality	standards,	with	a	focus	on	LMICs?	

The search for an answer to this question was guided by several sub questions:  

1. What	international	standards	for	quality	management	in	health	laboratories	are	
available	and	how	do	they	compare?	
This question will assist in identifying the most appropriate international 
quality standard for a QMS in health laboratories.  
 

2. What	 international	 initiatives	have	been	 launched	 since	2008	 to	assist	health	
laboratories	in	LMICs	with	the	implementation	of	a	QMS,	how	do	they	compare	
and	how	do	they	perform?	
The answer to this question will provide relevant information needed for the 
rational design, based on lessons learnt of past efforts, of a method to 
effectively assist health laboratories worldwide with the implementation of a 
QMS based on international standards.  
 

3. What	is	an	effective	method	to	assist	laboratories	with	implementation	of	a	QMS	
based	 on	 international	 quality	 standards	 that	 is	 compatible	 with	 other	
laboratory	strengthening	initiatives?	
This question will guide the design and development of a method to assist 
health laboratories worldwide with the implementation of a QMS. 
 

4. What	 is	 the	 effectiveness	 of	 the	 method	 to	 assist	 laboratories	 with	
implementation	 of	 a	 QMS	 based	 on	 international	 quality	 standards	 that	 is	
compatible	with	other	laboratory	strengthening	initiatives?	
This question will guide the evaluation of the method designed as part of sub 
question 3, enabling the completion of the answer to the main research 
question and the verification of achievement of the overall objective of this PhD 
research project.	
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3.2 RESEARCH	APPROACH	
This PhD project can be categorized as design-oriented research and consists mainly of 
descriptive research studies that were conducted to study the problem, gather 
information required for design of the intervention, and evaluate the effectiveness of 
the intervention. This project was guided by the model shown in Figure 1-5. This model 
follows a typical research cycle consisting of three stages: exploration of the problem, 
design of the intervention, and evaluation of the intervention [151]. Sub-questions 1 
and 2 assisted in exploration of the problem by shedding light on available international 
laboratory quality standards and how they compare, providing an indication of extent 
of implementation of QMSs by health laboratories in LMICs, and obtaining information 
on existing international initiatives and their effectiveness in assisting health 
laboratories in resource limited countries with implementation of a QMS. This fed into 
the design of the intervention: the method to assist health laboratories worldwide with 
QMS implementation driven by sub-question 3. Sub-question 4 guided the evaluation 
of the intervention.  

 

 

 

	 	

Figure	1‐5:	Model	of	the	research	approach.		
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A mixed methods approach was employed to collect the data needed for answering the 
research questions. Exploration of the problem was mainly achieved through desk 
review and literature research. A combination of qualitative and quantitative research 
methods was employed to collect data necessary for evaluation of the intervention. 

3.3 DESCRIPTION	OF	STUDIES	
In total seven studies have been conducted as part of this PhD project. Each is 
elaborated below. 

3.3.1 Review	and	comparison	of	quality	standards,	guidelines,	and	regulations	
for	laboratories	

The objective of this study, conducted in 2010-2011, was to compare the 
characteristics, suitability, and applicability of quality documents in view of the 
increasing efforts to introduce quality management in laboratories, especially in clinical 
diagnostic laboratories in LMICs. Data for this paper was mainly collected through desk 
study: review of the history of quality document development followed by selection of 
a subset based on their current use. These documents were analyzed using the CLSI 
framework referred to in paragraph 2.3 (Figure 1-2).  

I conducted this study in collaboration with dr. L. Oskam and prof. dr. P.R. Klatser. I 
designed and conducted the analysis and I am the first author of the paper published in 
the African Journal of Laboratory Medicine (volume 1, issue 1, 2011). Dr. L. Oskam was 
involved in design and supervision of the study and co-authored the paper. Prof. dr. P.R. 
Klatser was involved in design of the study and co-authored the paper. 

3.3.2 Review	and	comparison	of	quality	standards,	guidelines,	and	regulations	
for	laboratories	–	epilogue	

Because quality standards and guidelines are revised and updated regularly, it was 
necessary to repeat the study conducted in 2010-2011. The aim of this study, conducted 
in 2019, was therefore to review major developments related to content and use of 
quality documents in LMICs since publication of the article resulting from review and 
comparison of quality documents in 2010-2011.  

The same approach was used as for the study conducted in 2010-2011 and described 
in paragraph 3.3.1: I conducted this study in collaboration with dr. L. Oskam, prof. dr. 
J.E.W. Broerse and prof. dr. P.R. Klatser. I updated the design of the study, conducted the 
analysis, and wrote the study report. Dr. L. Oskam, prof. dr. J.E.W. Broerse and prof. dr. 
P.R. Klatser critically reviewed the analysis results and study report. 
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3.3.3 Critical	 review	 of	 the	 Stepwise	 Laboratory	 Improvement	 Process	
Towards	 Accreditation	 (SLIPTA):	 suggestions	 for	 harmonization,	
implementation,	and	improvement	

The aim of this study was to evaluate the quality and applicability of the SLIPTA 
accreditation scheme compared with international quality standards. Data was 
collected through desk study whereby the coverage of ISO 15189:2007 by the SLIPTA 
accreditation checklist was determined and the priorities of the accreditation checklist 
were identified through analysis of the point distribution used in the checklist. 

I conducted this study in collaboration with dr. L. Oskam, dr. S.M. van Beers and prof. 
dr. P.R. Klatser. I designed the study and conducted the analysis and I am the first author 
of the paper published in Tropical Medicine and International Health (volume 17, issue 
3, 2012). Dr. L. Oskam, dr. S.M. van Beers and prof. dr. P.R. Klatser critically reviewed 
the study design, method, analysis, and co-authored the paper. 

3.3.4 Review	 of	 the	 Stepwise	 Laboratory	 Quality	 Improvement	 Process	
Towards	Accreditation	(SLIPTA)	version	2:2015	

Because new versions of both the ISO 15189 standard and the SLIPTA accreditation 
checklist were published after the study conducted in 2012 and described in paragraph 
3.3.3, I deemed it necessary to repeat this study with the new versions of the ISO 15189 
standard and the SLIPTA accreditation checklist. The aim was to determine the 
suitability of the new version of SLIPTA in guiding laboratories towards ISO 
15189:2012 compliance and accreditation and provide recommendations for further 
SLIPTA improvement. Data were collected through desk study by reviewing coverage 
of ISO 15189:2012 by SLIPTA checklist version 2:2015, and analysis of the point 
distribution of the scoring system over the different sections of the SLIPTA. These 
findings were compared with the review of the first version of the SLIPTA checklist, and 
with findings published on SLIPTA implementation and roll-out.  

I conducted this study in collaboration with dr. L. Oskam, prof. dr. J.E.W. Broerse and 
prof. dr. P.R. Klatser. I updated the study design, conducted the analysis and I am the 
first author of the paper accepted for publication in the African Journal of Laboratory 
Medicine. Dr. L. Oskam, prof. dr. J.E.W. Broerse and prof. dr. P.R. Klatser critically 
reviewed the analysis and co-authored the paper. 

3.3.5 ISO	15189	Quality	Management	System	Implementation:	Look	before	you	
Leap	

The aim of this study, conducted under the USAID TB CARE program, was to extract 
lessons learned from QMS implementation at three public National Tuberculosis 
Reference Laboratories in Africa. Data was collected through desk review of mission 
reports of international consultants guiding these laboratories with QMS 
implementation and key informant interviews were held with staff and management of 
the laboratories to elicit further information on the process of implementing the QMS.  

I conducted this study in collaboration with dr. V. Anisimova, Ms. M.F.M. Engelberts, Mr. 
O. Kachuwaire, dr. L. Oskam and Mr. J. Scholten. I was the principal investigator 
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conducting the desk review and interviews at two of the three laboratories, and I was 
the main author of the study report which was published by USAID on the TB CARE 
project website. Dr. V. Anisimova contributed to design of the study, analysis of the 
findings and critical review of the study report. Ms. M.F.M. Engelberts contributed to 
design of the study, conducted interviews at one of the laboratories, and contributed to 
analysis of the findings and critical review of the study report. Mr. O. Kachuwaire 
contributed to the design of the study, assisted with conduct of the interviews at all 
laboratories, and contributed to the analysis of the findings and critical review of the 
study report. Dr. L. Oskam contributed to the design of the study and critical review of 
the study report. Mr. J. Scholten contributed to the design of the study, analysis of the 
findings and critical review of the study report.  

3.3.6 The	design,	development,	and	structure	of	the	GLI	and	LQSI	tools	to	assist	
TB	and	(public)	health	laboratories	worldwide	with	the	implementation	
of	the	ISO	15189	quality	management	system	

As part of this PhD project, two electronic guidance tools were developed to assist TB 
and (public) health laboratories worldwide with the implementation of an ISO 15189 
QMS on a daily basis: the Global Laboratory Initiative (GLI) Stepwise Process Towards 
TB Laboratory Accreditation (GLI tool) and the WHO Laboratory Quality Stepwise 
Implementation (LQSI) tool, respectively. The contextual design model was used in 
combination with a consensus approach for the design and development of the tools.  

I was the lead developer of both tools. Dr. L. Oskam, Ms. M.F.M. Engelberts and prof. dr. 
P.R. Klatser critically reviewed the content and structure of the tools. The draft version 
of the GLI tool was reviewed during two consensus meetings at the WHO headquarters 
by GLI members and invitees (consisting of international laboratory representatives, 
quality management experts, and TB laboratory strengthening experts). The LQSI tool 
was reviewed by external reviewers as listed on the Acknowledgement page of the LQSI 
tool1. Dr. L. Oskam and prof. dr. P.R. Klatser critically reviewed the chapter in this thesis 
which describes the design and development process of both tools. Both tools should 
be regarded as integral part of this PhD project and thesis.  

3.3.7 Evaluation	of	the	WHO	Laboratory	Quality	Stepwise	Implementation	tool	
The objective of this study was to introduce the LQSI tool and provide data about its 
roll-out, usage and effectiveness in assisting laboratories with quality improvement. 
Usage statistics were collected through analytics software and a survey was conducted 
among users of the tool to obtain user experiences and information on effectiveness of 
the tool.  

I conducted this study in collaboration with dr. K.G. Roper, dr. S. Cognat, dr. M.D. Saad, 
dr. L. Oskam, dr. V. Dolmazon, Ms. M.F.M. Engelberts, Mr. P. Hessels and prof. dr. P.R. 
Klatser. I designed the study and the survey, collected, and analyzed the data and I am 
the first author of the paper published in Tropical Medicine and International Health 

 
1 LQSI tool Acknowledgements-page: https://extranet.who.int/lqsi/content/acknowledgements 
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(volume 23, issue 9, 2018). Dr. K.G. Roper contributed to the design of the study and 
survey and to the data analysis, and critically reviewed the manuscript. Dr. S. Cognat, 
dr. M.D. Saad, dr. L. Oskam, dr. V. Dolmazon, Ms. M.F.M. Engelberts, and prof. dr. P.R. 
Klatser contributed to the design of the study and critically reviewed the manuscript. 
Mr. P. Hessels critically reviewed the manuscript.  

3.4 OUTLINE	OF	THIS	THESIS	
Chapters 1 to 6 form an integral part of the exploration of the problem by providing 
insight into health laboratory services in LMICs, the most important international 
laboratory quality management standards and how they compare, the most important 
laboratory strengthening initiatives rolled-out in LMICs, and the best practices for QMS 
implementation.  

After the discussion of health laboratory services in LMICs, with a special focus on QMS 
implementation, and after the introduction of the research objective, questions, design 
and having discussed major laboratory strengthening initiatives, Chapter	2 discusses 
the most important international laboratory quality management standards and how 
they compare. Chapter	3 provides an update to the study presented in chapter 2 (as 
this was conducted in 2010-2011). Chapter 3 concludes that ISO 15189 appears to have 
been selected as the gold standard for health laboratory QMS by laboratories 
worldwide. 

In Chapters	4 and	5 the SLIPTA program, the most important laboratory strengthening 
initiative rolled-out in the WHO African Region, is critically reviewed. Chapter 4 
presents the results of a critical review of the SLIPTA alpha version, used between 2008 
and 2015 and based on ISO 15189:2007. Chapter 5 presents the results of a review of 

Table	1‐1:	Relation	of	the	studies	of	this	PhD	project	with	research	sub	questions	and	the	chapters	
of	this	thesis	

Study	 Research	sub	
questions	
addressed	

Chapter	

Review and comparison of quality standards, guidelines and 
regulations for laboratories 

1 2 

Review and comparison of quality standards, guidelines and 
regulations for laboratories – epilogue 

1, 2 3 

Critical review of the Stepwise Laboratory Improvement Process 
Towards Accreditation (SLIPTA): suggestions for harmonization, 
implementation and improvement 

2 4 

Review of the Stepwise Laboratory Quality Improvement Process 
Towards Accreditation (SLIPTA) version 2:2015 

2 5 

ISO 15189 Quality Management System Implementation: Look 
Before You Leap 

3 6 

The design, development and structure of the GLI and LQSI tools to 
assist TB and (public) health laboratories worldwide with the 
implementation of the ISO 15189 quality management system 

3 7 + 8 

Evaluation of the WHO laboratory quality stepwise implementation 
tool 

4 9 
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renewed version of the program, SLIPTA version 2:2015, which is in use since 2015 and 
is based on ISO 15189:2012. 

Chapter	 6 presents the results of three case studies conducted to assess the 
implementation of a QMS in three National TB Reference Laboratories to obtain 
information on best practices and lessons learned with regard to QMS implementation.  

Chapter	7 briefly introduces the GLI tool, which is further presented and described in 
Chapter 8.  

Chapter	8 discusses the design of the intervention. It explains the development process 
of the GLI tool and the LQSI tool, which were developed based on information obtained 
through the exploration of the problem. 

Chapter	9 presents data about the roll-out, usage and effectiveness of the LQSI tool in 
assisting laboratories with quality improvement.  

The combination of results of all studies are discussed in Chapter	10, which provides 
an answer to the main research question and suggests a pathway for further (research 
into) laboratory strengthening. 
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