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1 INTRODUCTION	
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. A negative spiral was created of clinicians/health 
workers neither trusting nor using 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.  

The tide began to turn during the first decade of the new millennium. Several studies 
demonstrated poor reliability of diagnostic decisions based solely on clinical judgement 
of symptoms without considering laboratory results. 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). 
Laboratory strengthening is one of the eight core capacities of the revised IHR 2005 
monitoring framework. This is driven by the rationale that availability of accurate and 
reliable laboratory testing capacity in all countries is essential for adequate prevention, 
detection, and treatment of global public health threats, as witnessed by the current 
COVID-19 pandemic. Early detection and management of diseases is only possible with 
responsive laboratories and laboratory systems. 

A key intervention to strengthen laboratory services is the implementation of a quality 
management system (QMS). A QMS based on international standards such as ISO 
15189, the standard for quality and competence for medical laboratories, enables a 
laboratory to assure accurate, reliable and timely testing results. 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. However, studies show that 
laboratory accreditation in LMIC is uncommon. 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. 

Implementation of a QMS is a complex process as it is an intervention that impacts on 
all aspects of the laboratory. Therefore, it can be challenging and resource- and effort-
demanding, especially if not well planned. 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. 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: 
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 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. 

2 THEORETICAL	BACKGROUND	
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”. 
Quality is defined by the International Organization for Standardization (ISO) as the 
“degree to which a set of inherent characteristics fulfils requirements”. 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”. This includes the concepts quality	control,	quality	
assurance	 and	 quality	 improvement. Quality	 control is an active, structured 
implementation of control steps at strategic points in a process to monitor correct 
performance and output. 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 control is aimed at detection of 
noncompliance while quality assurance is aimed at prevention of noncompliance. 
Lastly, quality	 improvement is focused on continuously improving organizational 
processes to further minimize the probability of noncompliance, hence increase the 
level of quality assurance.  

A key term used in this thesis is ‘quality	management	 system’, which is the set of 
interrelated and interacting processes and elements aimed at implementing and 
operationalizing quality management in an organization. ISO 15189 provides 
requirements for a QMS for medical laboratories. 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. It also focuses 
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on (bio)safety and introduces the plan-do-check-act cycle for continuous improvement. 
Most importantly, the laboratory QMS ensures that the laboratory acts in the best 
interest of all its customers.  

ISO 15189 is a standard to which laboratories can be accredited, which is a recognition 
of quality and competence. Whereas certification indicates conformity with 
requirements, accreditation indicates that “a body or person is competent to carry out 
specific tasks”. 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. 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).  

ISO 15189 made medical laboratory accreditation possible on an international scale. 
Since the publication of its first version in 2003, medical laboratories worldwide have 
started to implement a QMS and pursue accreditation. Because laboratory systems play 
an essential role in the implementation of the IHR 2005, the attention to the need for 
strengthening laboratories and laboratory systems in LMICs also increased following 
the publication of the IHR 2005. In 2008, the World Health Organization (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 
laboratory QMSs was limited to non-existent. The main recommendations resulting 
from this conference stated that 1) countries should organize national structures to 
support a country-wide laboratory quality system, 2) countries should establish 
national laboratory quality standards according to country-specific needs based on 
internationally agreed standards, and 3) countries with limited resources are 
recommended to consider taking a staged approach, where principal requirements for 
all laboratories are stated in 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.  

Since the formulation of these recommendations three important regional initiatives 
have been launched of which two in Africa: the Stepwise Laboratory Improvement 
Process Towards Accreditation (SLIPTA) and the Strengthening Laboratory 
Management Towards Accreditation (SLMTA). In the Caribbean region the Laboratory 
Quality Management System Stepwise Improvement Process (LQMS-SIP) was 
developed.  
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3 RESEARCH	DESIGN	
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 four sub questions:  

1. What	international	standards	for	quality	management	in	health	laboratories	are	
available	and	how	do	they	compare?	
 

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?	
 

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?	
 

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 PhD project can be categorized as design-oriented research and consists mainly of 
descriptive research studies that were conducted to study the problem (sub-questions 
1 and 2), gather information required for design of the intervention (sub-question 3), 
and assess the effectiveness of the intervention (sub-question 4).  

4 RESULTS	
What	 international	 standards	 for	 quality	 management	 in	 health	 laboratories	 are	
available	and	how	do	they	compare?	

At the start of this research project in 2010, laboratories around the world had started 
implementing a QMS and calls for strengthening of laboratories in LMICs had just been 
made. As the number of international laboratory quality standards and guidelines was 
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large and their scopes diverse, the purpose of the first study was to obtain insight into 
the contents and scopes of the most widely used standards and guidelines for both 
clinical and non-clinical laboratories, and identify the most appropriate international 
quality standard for health laboratories. Clinical laboratory quality standards and 
guidelines were reviewed and compared with non-clinical laboratory standards and 
guidelines.  

The most salient findings of this study, presented in Chapter 2 of this thesis, were the 
absence of provisions on occurrence management and customer service in nearly all 
non-clinical quality documents studied, a low number of safety requirements aimed at 
protecting laboratory personnel, and absence of requirements related to ethical 
behavior in almost all standards and guidelines. 

A second analysis, conducted in 2019 and presented in Chapter 3, affirmed the findings 
of the study conducted in 2011. However, the second analysis also showed that ISO 
15189 had become the worldwide gold standard for quality in medical laboratories, 
including in LMICs, as signified by the launch of various initiatives to assist medical 
laboratories with ISO 15189-based QMS implementation (see sub-question two). This 
shows that in a decade laboratories and international laboratory strengthening 
initiatives had accepted ISO 15189 as the gold standard for implementation of a QMS 
and accreditation.  

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?	

Perhaps the best-known international laboratory strengthening initiative is SLIPTA, 
rolled-out in the African Region. Chapters 4 and 5 report the findings of a critical review 
of the first version of the SLIPTA checklist (referred to as the SLIPTA alpha version 
checklist) based on ISO 15189:2007, and of the SLIPTA checklist v2:2015 based on ISO 
15189:2012, respectively.  

Main findings of the review of the SLIPTA alpha version checklist relate to the limited 
coverage of ISO 15189:2007 and the skewed focus towards resource management at 
the expense of process management and continuous improvement. This was also 
observed for the SLIPTA checklist v2:2015, although the coverage of ISO 15189:2012 
had increased. A main criticism for both SLIPTA versions relates to the set-up of a tiered 
scheme in which laboratories can earn zero to five stars based on their checklist score. 
SLIPTA has no specific criteria for rewarding the different star levels other than the 
percentage of compliance with the checklist. Implementing such criteria could drive 
laboratories towards more rational implementation of a QMS and as such improve 
SLIPTA’s level of guidance for QMS implementation. Another critical remark relates to 
the false sense of quality that could be created by laboratories earning stars. For 
example, clients could assume that a three-star laboratory is able to assure the quality 
of results, whereas three stars indicate nothing more than 75-84% compliance with the 
checklist. Considering that SLIPTA checklist v2:2015 covers only 82% of the ISO 
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15189:2012 clauses, of which 35% fully and 47% partially, this laboratory is still far 
from full ISO 15189 compliance. In addition, considering that SLIPTA does not have 
specific criteria for the different star levels, it is unclear which components of the QMS 
a three-star laboratory has implemented and whether or not these lead to a basic, yet 
functional QMS. 

The review of SLIPTA checklist v2:2015 and data on its implementation also revealed 
that until 2019, 314 laboratories have been assessed, which is low considering that, for 
example, Kampala, the capital of Uganda, alone counts 954 laboratories and that the 
secretariat of SLIPTA, the African Society for Laboratory Medicine (ASLM), aimed to 
include 2,500 laboratories by 2020. Lastly, this study also showed that sustainability of 
SLIPTA effects has not yet been investigated sufficiently. 

Another well-known initiative for QMS implementation in health laboratories in LMICs 
is LQMS-SIP, which has been rolled-out in the Caribbean region. LQMS-SIP is similar to 
SLIPTA: it assists laboratories with achieving ISO 15189 compliance through a three-
tiered system, with compliance measured using a checklist. A strength of LQMS-SIP, 
compared to SLIPTA, is that specific requirements have been defined for each tier, 
enabling improved guidance of laboratories with implementing a QMS in a rational, 
staged way. An added advantage is that this also allows for the possibility to use the 
first tier of LQMS-SIP for licensing purposes. Unfortunately, the body of literature on 
LQMS-SIP implementation and effectiveness is limited and does not provide enough 
information on both its implementation and sustainability. 

The SLMTA training and mentoring program has been implemented in Africa and in 
recent years also on other continents. Many studies have reported results of SLMTA 
implementation. However, research data on sustainability of the effects of SLMTA are 
conflicting. Whereas several studies show sustained improvement of laboratories post-
SLTMA implementation, findings of other studies indicate that, although laboratories 
improved significantly during participation in the program, the majority of laboratories 
that were re-assessed several months after finalization of the SLMTA program were 
unable to maintain the level of quality management and had decreased in SLIPTA star-
level. A factor that contributed to this regression was lack of ownership and 
commitment of the laboratory team. The fixed, project based, structure with limited 
duration of the SLMTA training and mentoring program may contribute to the 
sustainability issues.  

Other conclusions are that checklists and training programs alone are not enough for 
guiding laboratories with QMS implementation in a stepwise, sustainable manner. 
Laboratories using checklists for guidance may approach QMS implementation as a 
checkbox exercise without having an overview of and control over the implementation 
and functioning of the QMS as one integrated system. In addition, use of checklists 
creates a risk of blinding both the laboratory and assessors for issues not directly 
covered by the checklists but essential for functioning and quality of the laboratory, and 
thereby accreditation to international standards. This can also be considered a possible 
threat to SLIPTA effectiveness and sustainability.  
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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?	

Chapter 6 presented the results of a mixed methods study of implementation of a QMS 
at three National Tuberculosis Reference Laboratories in Africa. This study yielded 
information on best practices for QMS implementation in laboratories in LMICs. The 
findings show that ensuring availability of quality resources and strong management 
with leadership and organizational skills are key to facilitate and coordinate the QMS 
implementation process. Applying these best practices should enable laboratories to 
implement a QMS more successfully and efficiently and achieve ISO 15189 
accreditation.  

The findings of this study, and of the research conducted for sub-questions 1 and 2, all 
contributed to the discussions, scoping and development of a method for assisting 
health laboratories worldwide with implementation of a QMS based on international 
standards, forming the basis of the Global Laboratory Initiative (GLI) Stepwise Process 
Towards TB Laboratory Accreditation (GLI tool) (described in Chapters 7 and 8) and 
the WHO Laboratory Quality Stepwise Implementation (LQSI) tool (described in 
Chapter 8). The GLI and LQSI tools provide stepwise guidance for implementing a QMS, 
divided over four phases of implementation, with visual roadmaps which laboratories 
can use on a day-to-day basis to implement an ISO 15189-based QMS. Where possible, 
each step in the GLI and LQSI tools links to additional guidance materials, partly 
developed by other initiatives, to optimize the level of guidance and at the same time 
maximize use of, and alignment with, other laboratory strengthening initiatives. This 
minimizes the need for, and hence dependence of laboratories on, external assistance 
and increases the laboratory’s ownership of the QMS. Aside from implementation 
guidance, the GLI and LQSI tools also offer checklists that can be tailored by the user. 
This enables laboratories to verify correct implementation of the different steps of the 
tools, again leading to a decreased need for external assistance. Both tools are web-
based, free of charge, with limited broadband requirements to optimize accessibility 
also in areas with poor internet connectivity. In addition, copies for offline use are 
available. By designing the tools in this way, every laboratory worldwide can access and 
use the tools with little need for external assistance. 

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?	

The findings of the study, presented in Chapter 9, indicate that the LQSI tool, available 
in six languages and used worldwide with continuously increasing usage statistics, 
positively impacts quality of services provided by clinical and public health 
laboratories. This is corroborated by findings of a qualitative study conducted by 
Polansky et	al. in which mentees of all laboratories studied unanimously reported that 
the LQSI tool was advantageous and the majority reported that the LQSI tool helped in 
choosing action steps for quality improvement. The flexibility of the methodology and 
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design of the GLI and LQSI tools allows for complementary use with other initiatives 
such as SLIPTA, SLMTA and LQMS-SIP. Other studies have indeed demonstrated that 
the LQSI tool can complement SLMTA and vice versa, and that the GLI tool can be used 
in combination with SLMTA/TB-SLMTA in African National Tuberculosis Reference 
Laboratories. In addition, in 2018 I have collaborated with the Caribbean Med Labs 
Foundation (CMLF) to cross-link LQMS-SIP requirements with LQSI tool activities. 

5 CONCLUSIONS	&	DISCUSSION	
Overall, the studies in this thesis and those presented by others suggest that the GLI and 
LQSI tools can effectively guide laboratories worldwide, including LMICs, with rational 
implementation of QMS based on ISO 15189. Feedback from the survey presented in 
Chapter 9 indicates that laboratories that used the LQSI tool were able to become 
accredited to ISO 15189. However, the studies also pointed out several opportunities 
for improvement. For a next revision it is recommended to scrutinize the tool with a 
dual focus:  

 To eliminate possible details that have been proven in practice to be 
unnecessary and superfluous. 

 To identify gaps in coverage of the new version of ISO 15189, which is currently 
under development. 

A major weakness of both tools does not pertain to the structure or content of the tools, 
but to their roll-out. Little advocacy has been performed to increase awareness of 
laboratories about the existence of both the GLI and LQSI tool. This is a missed 
opportunity for potential users and for GLI and WHO to maximize impact of their 
investments. Therefore, a major recommendation for future revision of the tools, is to 
design and implement a targeted, well-structured advocacy, monitoring and evaluation 
program.  

Another recommendation for future revision of the GLI and LQSI tools is to pursue 
alignment with other laboratory strengthening initiatives. For example: the SLIPTA 
checklist can be cross-linked, or even merged with the LQSI tool, or vice versa, with 
relatively little effort. This would bring benefits for both the LQSI tool and SLIPTA.  

The revision of ISO 15189, and the publication of the new WHO Laboratory Biosafety 
Manual, both envisaged in the near future, will provide an excellent window of 
opportunity to take on the recommendations for improvement and revision of the tools, 
including possible further development into a mobile application. 

Although the findings presented in this thesis suggest that the stepwise methodology 
and design of the GLI and LQSI tools are an effective method for guiding laboratories in 
LMICs with QMS implementation and achieving accreditation, the studies also have 
limitations related to sample size and methodology. Firstly, the users of both tools 
remain anonymous, except for those users of the LQSI tool that request a copy of the 
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tool for offline use and as such provide their e-mail addresses to WHO. As a result, the 
study presented in Chapter 9 was affected by the limited possibility to contact users of 
the tool.  

An optimal approach of measuring effectiveness of the GLI and LQSI tools would have 
been to conduct a prospective observational study in a sufficiently large sample size. 
This was, apart from the financial perspective (this type of study would be resource 
demanding), unfeasible due to a variety of factors: 

 The size and variation in the laboratory population that would need to be 
sampled: the tools are applied in laboratories worldwide, which introduces 
geographical and cultural variation, but also organizational factors that vary.  

 The variation in size, type, and complexity of laboratories in which the tools 
are implemented should be considered and differs in and between countries. 

 Economic status may be a major influential factor as not all laboratories will 
have the same capacity and resources for implementation of a QMS.  

 The specific focus of the research on laboratories in LMICs, where the effect of 
some of these factors may be amplified.  

Hence, to obtain valid and reliable information about effectiveness of the methodology 
applied in the GLI and LQSI tools for assisting laboratories worldwide with QMS 
implementation, the sample size should be large. A major confounding factor should 
also be accounted for: multiple improvement efforts and programs are often being 
implemented at the same time in laboratories in LMICs. It will therefore be a challenge 
to directly link a measurement of ISO compliance improvement to the use of the GLI or 
LQSI tool. As such, conducting more research to measure the effectiveness of the tools 
would be desirable, but will be complex. 

Several researchers have raised questions about the effect of ISO 15189 QMS 
implementation on laboratory performance and some have even stated that there is 
little to no published evidence of measurable improvements achieved in laboratories 
after becoming accredited to ISO 15189. Concerns about an unequal balance between 
usefulness of accreditation versus the required extra workload to implement a QMS are 
shared among laboratory professionals across the world, including mention of the 
Pareto principle (initial 20% of the effort leads to 80% performance improvement 
whereas the other 80% of efforts lead to 20% of performance improvement). It would 
therefore also be worthwhile to investigate the effect of (stepwise) implementation of 
individual components of the QMS on laboratory performance, as this may provide 
valuable information for prioritizing the implementation of different components of the 
QMS but also to inform the design of an equally or more effective yet less resource and 
effort demanding QMS model. This would certainly be useful for the situation in LMICs, 
where scarce resources should be spent only on interventions with proven 
effectiveness.  

A related topic of discussion is the meaning and value of accreditation itself. Although 
accreditation is a recognition of competence of a laboratory and can encourage QMS 
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implementation by laboratories, it has been observed that the tolerance of the assessors 
and the time spent on assessing laboratories varies, even though certain training 
guidelines for assessors have been drafted. In addition, some laboratories only include 
part of their test menu in their scope of accreditation. However, the customer expects 
that all tests are quality assured when a laboratory is accredited and therefore it is 
important that laboratories strive towards inclusion of their complete test menu into 
the scope of accreditation. This is also in line with the philosophy of ISO 15189, which 
was developed to provide better services for patients, focusing on quality of the overall 
organization rather than the individual laboratory tests. National Accreditation Bodies 
encourage laboratories to include the complete test menu in the scope of accreditation 
but cannot refuse laboratories that do not follow this recommendation.  

Several final remarks should be made about models, requirements, and initiatives to 
assist laboratories with implementation of quality management principles, now and in 
the future. Since the last decade, a more technical debate is taking place on calculating 
and presenting measurement uncertainty, traceability and, related to that, validation or 
verification of examination methods. The number of reports published on how to 
validate automated and high-throughput platforms under ISO 15189 is increasing. The 
automation and digitalization of laboratory testing is a topic that will also become 
increasingly important for health laboratories in LMICs. High-throughput platforms 
capable of measuring a wealth of variables are being introduced rapidly, and the use of 
these platforms also starts to seep through to LMICs. The validation of such platforms 
will become an increasingly important aspect to be covered by ISO 15189 and, 
subsequently, laboratory strengthening initiatives, including the GLI and LQSI tools.  

A similar important development is the rapid evolution of point-of-care-testing (POCT) 
and near-POCT. Although already a topic of discussion in the 1990s, specific 
requirements related to assuring quality of POCT, captured in ISO 22870 (‘Point-of-
Care-Testing Requirements for Quality and Competence’), are not well represented in 
current laboratory strengthening initiatives. Also, and especially in LMICs, (near-)POCT 
platforms are starting to play an increasingly important role. While the process is 
ongoing in many high-income countries, debate and guidance is also needed in LMICs 
on the division of responsibilities between the laboratory and clinic on aspects such as 
training, verification, execution/operation, maintenance, calibration, and quality 
control and -assurance of POCT. 

Nowadays there is a clear movement towards a risk-based approach rather than a 
prescriptive approach when it comes to biosafety and biosecurity. This approach 
should also be promoted for quality management as this would better fit the fact that 
the extent to which mitigation measures need to be implemented may depend on 
multiple variables, including contextual variables that vary per laboratory facility.  

Aside from the total quality management approach as prescribed by ISO 15189, another 
interesting approach that could be useful for laboratories in both high-income countries 
and LMICs is Lean Six Sigma (LSS). This approach may be suitable as a complement to 
QMS implementation. When a QMS has been fully implemented, it should be 
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investigated if the LSS approach could be used for further improvement of laboratory 
performance and for increasing efficiency of the QMS at the same time. This introduces 
a major recommendation related to strengthening of laboratory systems and 
mainstreaming of laboratory services in healthcare. Interestingly, the analytical phase 
of laboratory medicine is the best performing sector in healthcare with nearly 5 sigma 
performance, whereas healthcare overall performs at a 1-2 sigma level. Several studies 
on errors in laboratory medicine have shown that most errors actually occur outside 
the analytical phase, mainly in the pre-analytical phase. The causes of many of these 
errors are outside the span of control of the laboratory, namely at the clinical side. This 
means that the extent to which a laboratory can prevent these errors is limited, even 
with a functional QMS in place. The study presented in Chapter 6 of this thesis and many 
other studies indicate that to function adequately and to successfully implement a QMS, 
a laboratory relies on a multifold of external factors. As such, successful QMS 
implementation and accreditation and strong overall laboratory performance require 
the presence of strong, well-designed, and functional laboratory systems. This in turn 
requires high-level government involvement and commitment for drafting and 
enforcing legislation and regulation, and, for the public service, development of support 
processes and provision of resources. Development of national laboratory policies and 
strategic plans under the One Health approach may be an important step towards 
laboratory system strengthening and improvement of disease surveillance and 
response capacity. Similarly, the development of tiered national laboratory quality 
standards based on ISO 15189 and incorporating the One Health approach and modern 
biorisk management principles, could be another effective means for encouraging, 
regulating and realizing laboratory quality improvement.  

The overarching objective of all laboratory strengthening activities is to ensure strong 
public health surveillance and patient care. This cannot be achieved by strengthening 
of laboratories and laboratory systems alone. No matter how high the quality of 
laboratory services and how strong the laboratory systems, if there are inadequacies at 
the laboratory-clinical interface, if laboratory testing is not properly embedded in 
diagnostic surveillance and clinical algorithms, and if laboratory services are 
insufficiently or incorrectly used for medical decision making, the contribution of 
strong laboratory services to patient care and public health surveillance will remain 
sub-optimal. Hence, the mainstreaming of laboratory systems and services into the 
overall healthcare system is the most important condition for improvement of patient 
care and public health surveillance.  

 


