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This chapter presents the conclusions of research aimed at gaining insight into the 
challenges of assuring quality of health laboratory services in low- and middle-income 
countries (LMICs), and design and assess a method to effectively assist health 
laboratories with the implementation of a quality management system (QMS) based on 
international standards. The research was guided by the main research question: 

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

To answer this question, this thesis first focused on understanding the problem of lack 
of quality assurance of laboratory results and services in LMICs. Two sub-questions 
were formulated to direct this part of the research, namely: 

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?	

The second part of the research was concerned with how to effectively assist 
laboratories in LMICs with implementation of a QMS based on international quality 
standards, that is compatible with other laboratory strengthening initiatives. This part 
was also guided by two sub-questions: 

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?	

The sub-questions are answered and discussed briefly in the first part of this chapter. 
This is followed by a reflection on the main research question, the limitations of the 
study, and the implications of the findings of this study for further (research on) 
laboratory strengthening in LMICs.  

1 CONCLUSIONS	

1.1 INTERNATIONAL	 STANDARDS	 FOR	 QUALITY	 MANAGEMENT	 IN	
HEALTH	LABORATORIES	

At the start of this PhD project in 2010, laboratories around the world had started 
implementing a QMS [1–10] and calls for strengthening of laboratories in LMICs had 
just been made [11–15]. As the number of international laboratory quality standards 
and guidelines was large and their scopes diverse, the purpose of the first study was to 
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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 Quality System Essential (QSE) model of the 
Clinical & Laboratory Standards Institute (CLSI) was used as analytical framework [16].  

The most salient findings of this study, presented in Chapter 2, 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.  

1.2 INTERNATIONAL	INITIATIVES	TO	ASSIST	HEALTH	LABORATORIES	
IN	LMICS	WITH	THE	IMPLEMENTATION	OF	A	QMS	

Perhaps the best-known international laboratory strengthening initiative is the 
Stepwise Laboratory (Quality) Improvement Process Towards Accreditation (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 



164	|	Chapter	10	
 

 

checklist. Considering that SLIPTA checklist v2:2015 covers only 82% of the ISO 
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 [17,18] and that 
the secretariat of SLIPTA, the African Society for Laboratory Medicine (ASLM), aimed 
to include 2,500 laboratories by 2020 [19]. Lastly, this study also showed that 
sustainability of SLIPTA effects has not yet been investigated sufficiently. 

Other well-known initiatives for QMS implementation in health laboratories in LMICs 
were briefly discussed in the introduction of this thesis (Chapter 1). One such initiative 
is the Laboratory Quality Management System Stepwise Implementation Plan (LQMS-
SIP), which has been rolled-out in the Caribbean region [20,21]. 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 the 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 Strengthening Laboratory Management Towards Accreditation (SLMTA) training 
and mentoring program, also briefly discussed in the introduction of this thesis, has 
been implemented in Africa and in recent years also on other continents. Many studies 
have reported results of SLMTA implementation [22]. One study showed that 302 
laboratories, that had completed the program by the end of 2013, showed significant 
improvement with an increase of 25 percentage points (from an average of 39% at 
baseline to 64% at exit, measured using the SLIPTA checklist) over an average 16-
month implementation period [23]. However, research data on sustainability of the 
effects of SLMTA are conflicting. Whereas several studies show sustained improvement 
of laboratories post-SLTMA implementation [22,24–28], 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. One Tanzanian laboratory studied 
by Andiric et	al. [29] improved from zero stars (36%) at baseline to three stars (81%) 
at exit one year later, while seven months after completion of the program, the 
laboratory regressed to one star (62%). A similar phenomenon was seen in a study by 
the same author in eight other laboratories of which the star-rating of seven 
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laboratories had declined six to seven months after the exit audit [30]. A factor that 
contributed to this regression was lack of ownership and commitment of the laboratory 
team: the QMS implementation and maintenance process was dependent on one person 
(the laboratory manager) and when s/he left, compliance decreased. Regression of 
several other laboratories was attributed to complacency and not valuing the 
importance of maintaining records and processes to meet accreditation standards after 
completion of SLMTA, which may also point to a lack of commitment and ownership 
[29,30]. The same problem was witnessed in several other studies	[31–34]. The fixed, 
project based, structure with limited duration of the SLMTA training and mentoring 
program may contribute to the sustainability issues.  

Several researchers have also indicated that, though a laboratory mentoring program 
can be an important way to establish and solidify a QMS and to help laboratories achieve 
accreditation, it is also costly [27,35,36]. This, combined with the doubtful 
sustainability of the SLMTA program, suggests that a mentorship format is not a feasible 
intervention that can be rolled-out on a large scale for sustainable, cost-effective QMS 
implementation. 

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. This may also compromise 
sustainability of the QMS. Several elements of an ISO 15189-based QMS specifically 
focus on sustaining and continuously improving the QMS itself. Without 
implementation of these elements, sustainability of other elements of the QMS, hence 
the QMS overall, may be compromised. In addition, use of checklists creates a risk of 
blinding both the laboratory, using the checklist as guidance, 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, as was also argued by 
Huisman and Thelen [3,37]. This can also be considered a possible threat to SLIPTA 
effectiveness and sustainability. Although checklists can be useful for the laboratory to 
know what can be expected from an assessment, the laboratory (and the assessor) 
should not blindly follow the checklist but rather react on what is noticed, keeping in 
mind (the purpose of) the requirements of the accreditation standard and not the 
checklist [3]. 

1.3 EFFECTIVE	 METHOD	 TO	 ASSIST	 LABORATORIES	 WITH	

IMPLEMENTATION	OF	A	QMS		
The findings of the research conducted in part 1 of this PhD project 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 
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Laboratory Accreditation (GLI tool) and the WHO Laboratory Quality Stepwise 
Implementation (LQSI) tool. 

Based on the findings of part 1 of this PhD project, the decision was made for the GLI 
and LQSI tools to 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. 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 also available. By designing the tools 
in this way, every laboratory worldwide can access and use the tools with little need for 
external assistance. 

The tools both focus on ensuring availability of quality resources and strong 
management and organization in phases 1 and 2 because this was considered to be a 
crucial basis for further developing the QMS. 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, indeed, 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. Since this study was completed, 
many other studies have been published that corroborate the claims of this study 
[24,32,34,38–49].  

1.4 EFFECTIVENESS	OF	THE	METHOD	TO	ASSIST	LABORATORIES	WITH	
IMPLEMENTATION	OF	A	QMS	BASED	ON	INTERNATIONAL	QUALITY	
STANDARDS		

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. [50]	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 design of the GLI and LQSI tools allows for complementary use with other 
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initiatives such as SLIPTA, SLMTA and LQMS-SIP. Indeed, a study conducted by Perrone 
et	 al.	 [51] presents results on use of the LQSI tool in conjunction with the SLMTA 
program, showing that the LQSI tool can complement SLMTA and vice versa. Albert et	
al.	 [38] reported use of the GLI tool in combination with other tools (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. 

2 OVERALL	CONCLUSION	AND	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 [38,50,51]. 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. Unrelated to the GLI and LQSI tools, Huisman et	al. [3] 
stated that a guideline composed by experts tends to be exhaustive in detail to approach 
the ideal situation, which may conflict with the reality of limited time and funding for 
many health laboratories. The GLI and LQSI tools, which are essentially interactive 
guidelines, were developed with the limited resource situation in mind and an attempt 
was made to limit the focus of guidance to the absolute necessities as required by the 
ISO 15189 standard. Nevertheless, 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. 

The consensus of many personal communications with users of the LQSI tool is that 
there is not one ideal sequence for day-to-day implementation of a QMS. Laboratories 
differ greatly on many aspects. One point for improvement was, however, constant 
across the different studies and communications with users and laboratory 
strengthening experts: implementation of quality indicators (now one of the final steps 
in the GLI and LQSI tools) needs to start at an earlier stage. The rationale is that quality 
indicators help to acquire insight into the performance of different processes. As such, 
they can be used strategically for two purposes: a) to adjust QMS implementation 
activities at an earlier stage based on process performance and improvement (also 
known as benchmarking); and b) to increase commitment and motivation for QMS 
implementation among laboratory staff and management by visualizing improvement. 

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 
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opportunity for potential users and for GLI and WHO to maximize impact of their 
investments. A well-constructed, targeted advocacy program could have enabled more 
laboratories to benefit from using the tools. An example could be taken from the SLMTA 
program, and to a lesser extent the SLIPTA program, which have been widely advertised 
and their implementation publicized and formalized. Although Chapter 9 indicates that 
the accession rate of the LQSI tool is high, the identity of the visitors is unknown. Hence, 
it is unclear whether the visitors are laboratory professionals or coincidental visitors. 
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 with relatively little 
effort. This would bring benefits for both the LQSI tool and SLIPTA: by aligning SLIPTA 
with the LQSI tool, SLIPTA will be enriched with a roadmap for rational implementation 
of a QMS that is currently lacking from the program. In addition, the amount of guidance 
for QMS implementation of SLIPTA will increase considerably. Vice versa: aligning the 
LQSI tool with SLIPTA may increase the use and impact of the LQSI tool because SLIPTA 
is well-known among laboratories in LMICs and, although it goes slower than 
envisaged, roll-out of SLIPTA is still actively pursued. Similarly, the GLI and LQSI tools 
can also be applied to facilitate implementation of LQMS-SIP and increase its level of 
guidance. As explained above, a first important step has already been undertaken in 
2018 by crosslinking LQMS-SIP with the LQSI tool.  

Other recommended points for improvement of the LQSI and GLI tools are mainly 
related to three different aspects: 

1. Presentation of the tools: Since the launch of the GLI and LQSI tools (in 2011 
and 2014, respectively), technologies for website design have evolved. Current 
technologies allow for redesign of the tools to increase user-friendliness by 
making the interface of the tool more intuitive. In addition, incorporation of 
extra features that were non-existent in 2014 (the year the LQSI tool was 
launched), is now possible. An example is tracking of completion of activities 
by individual users, which is a request of/suggestion for improvement 
provided by many users of the tools. In 2014, the addition of this feature 
required the creation of individual user accounts, which was in violation of 
WHO regulations that dictate that everyone should have equal access to the 
tool and all its features. Modern-day technologies allow for tracking of progress 
without the need to create a user-account.   

2. Structure and content of the stepwise implementation guide/roadmaps: The 
sequence of activities for day-to-day implementation has now been extensively 
tested in numerous laboratories worldwide. This has resulted in information 
on the applicability of this sequence. During my work of assisting laboratories 
with implementation of a QMS (using the GLI and LQSI tools), I have identified 
points for improvement related to redivision of activities and restructuring of 
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roadmaps. I have also identified several deficiencies, mainly related to 
biosafety and biosecurity aspects. This requires the reassessment of the 
activities and possible expansion of activities for implementation of biorisk 
management in line with modern-day laboratory biorisk management 
standards and guidelines, also considering the envisaged publication of the 
new version of the WHO Laboratory Biosafety Manual in 2020. Another point 
for improvement is the use of specific terminology. For example, it was 
observed that the term ‘failure mode and effect analysis’ is foreign and 
unfamiliar to many users. In a future revision the replacement of this term for 
the term ‘risk assessment’, which is easier to understand and more frequently 
used, should be considered. 

3. Additional possibilities: Since 2014 mobile device use has evolved. The use of 
tablets and smartphones has become omnipresent, also in LMICs [52–54]. This 
makes the development of a mobile application more relevant, contributing to 
the user-friendliness of the tools. For example, it would enable digital 
completion of the checklists using a tablet or smartphone such that assessment 
data can be digitally stored, processed, shared and compared with data of 
earlier assessments, aiding to progress analysis and visualization, and work 
efficiency.  

The revision of ISO 15189, and the publication of the new WHO Laboratory Biosafety 
Manual, both envisaged for 2020, will provide an excellent window of opportunity to 
take on the recommendations for improvement and revision of the tools. 

3 LIMITATIONS	OF	THE	STUDY		
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 tool for offline use and as such provide their e-mail 
address to WHO. As a result, the study presented in Chapter 9 was affected by the 
limited possibility to contact users of the tool. Consequently, this study was affected by 
a small sample size.  

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.  
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 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. 

In measuring and discussing the effectiveness of the GLI and LQSI tools (and other 
laboratory strengthening initiatives discussed in this thesis), the concept of 
effectiveness needs to be clearly defined. A careful distinction needs to be made 
between the tools’ effectiveness in strengthening laboratories through assisting with 
implementation of a QMS and their effectiveness in improving laboratory quality itself. 
One has to be mindful that accreditation (i.e. full implementation of a QMS) does not 
equal quality, as was also argued by Donabedian [55]. Instead it signifies compliance 
with standards, which infers performance improvement at best. Indeed, many papers 
stating that QMS implementation improves laboratory quality present results that are, 
in fact, compliance levels with the accreditation standard. Studies on laboratory quality 
improvement due to SLMTA implementation often solely report SLIPTA scores 
(indicating the level of compliance with the checklist, which represents the extent of 
implementation of (a part of) a QMS), rather than presenting data on quality and 
performance improvement. And if such improvements were reported, these were often 
the result of specific benchmarking exercises and not the implementation of a QMS itself 
[22,24–27,34,40,41,56–58].  

Measuring the effect of QMS implementation without measuring the implementation 
process itself is difficult [59–61]. In addition, as described in Chapter 6 of this thesis, it 
is often impossible to collect enough baseline data on laboratory performance due to 
absence of proper information management processes at laboratories that have no QMS 
in place (hence, this is a “Catch-22” situation). A similar finding was reported by 
Homolka et	al. [62]. For example, when a laboratory – over the course of the QMS 
implementation process – is suddenly able to provide performance data, this signifies 
that the laboratory has implemented a functioning information management system, 
but no conclusions can be drawn related to laboratory performance improvement 
compared to before QMS implementation.  

Although many reports present laboratory improvement due to implementation of a 
QMS, for several studies it is difficult to estimate how much of the improvement can be 
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attributed directly to QMS implementation without being confounded by other 
improvement activities [44,47,62–67]. For example: Homolka et	al. [62]	implemented 
process changes based on monitoring quality indicators and attributed improved 
performance to QMS implementation. Indeed, implementation of quality indicators and 
tweaking laboratory processes based on quality indicator data is part of the QMS 
implementation, but the effect measured can only be attributed to the implementation 
of quality indicators and the benchmarking exercise, not to implementation of the 
overall QMS [62]. The same applies to a study conducted by Zeh et	al.	[64], although 
that study also presents benefits of achieving ISO 15189 accreditation in terms of 
increased test demand, cost savings and better client confidence in laboratory services. 
Buchta et	 al. [63] demonstrated that having ISO 9001 certification or ISO 15189 
accreditation significantly improves analytical performance in immunohematology 
EQA results. A similar finding was reported by Jang et	al. [68]; laboratories accredited 
by the Korean Laboratory Accreditation Program reported more accurate test results 
in EQA for clinical chemistry, compared to laboratories that were not accredited. 
However, accurate EQA performance does not (necessarily) include performance of 
extra-analytical phases, hence, only provides, again, a partial indication of effectiveness 
of the QMS. These findings suggest that a QMS has a positive effect on laboratory quality 
and performance, but to get a complete view of the total effect of QMS implementation 
on all facets of laboratory quality and performance, a high number of input, process and 
output indicators need to be selected and confounding variables need to be accounted 
for.  

Hence, conducting research on the effects of QMS implementation on laboratory quality 
and performance is 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 [4,69,70]. 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 [45,60]. This has also been argued by Wilson et	al.	[60]	in a very critical paper on 
the value of accreditation inspections for improving laboratory performance. In fact, a 
study conducted by Kallner [71] indicates that in the first phase of the QMS 
implementation process a laboratory achieves a genuine quality improvement, but 
when quality management becomes routine, annual inspection and formal 
accreditation seem to become less valuable. He, in fact, postulates the existence of the 
pareto principle (also known as the 80/20 rule): the 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 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.  
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A related topic of discussion is the meaning and value of accreditation itself. Although 
accreditation is a recognition of competence of a laboratory, and, when enforced by the 
country or linked to reimbursement, can encourage QMS 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 [2,3,43,55,60,70]. The International Laboratory Accreditation 
Cooperation (ILAC) is a mechanism to harmonize the process of accreditation whereby 
regional accreditation bodies (in Europe this is the European Cooperation for 
Accreditation) organize mutual recognition of accreditation standards by National 
Accreditation Bodies (NABs). Only one NAB per country is allowed under a mutual 
agreement [37]. In addition, all NABs need to be accredited to another ISO standard 
(ISO 17011:2017 “Conformity assessment: Requirements for accreditation bodies 
accrediting conformity assessment bodies”). Despite these mechanisms, Thelen and 
Huisman indicate that quite a few differences exist in the number of assessors and the 
duration of accreditation assessments between European countries, which may be even 
larger on a global scale [37].  

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 the 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 [3,37,72,73]. NABs encourage laboratories to include the complete test 
menu in the scope of accreditation, but cannot refuse laboratories that do not follow 
this recommendation [37]. A possible alternative was introduced by Thelen et	al. [74],	
who present an approach to applying a flexible scope of accreditation constructed in 
such a way that creation of false impressions regarding accreditation is prevented. 
However, this approach is better suited for laboratories that have already been 
accredited with a fixed scope than for laboratories that have not yet been accredited 
before. 

4 SUGGESTIONS	 FOR	 FUTURE	 (RESEARCH	 ON)	
LABORATORY	STRENGTHENING	

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. Literature shows a clear trend related to evolution and implementation of 
quality management in medical laboratories. Between the 1950s and 1990s, papers 
related to laboratory quality management mainly discuss implementation and 
performance of internal quality controls and external quality assessment/proficiency 
testing. Between 1990 and 2000, articles were mainly focused on development of 
laboratory standards specifically for the medical laboratory context. Between 2000 and 
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2010, there was a major focus on ISO 15189 and the question how to implement the 
standard in an efficient manner. Between 2010 and now many reports were published 
on successful ISO 15189 implementation and, specifically for laboratories in LMICs, 
initiatives to facilitate QMS implementation, signifying that ISO 15189 compliance is 
now regarded as an indispensable element for good medical laboratory practice. 
Nevertheless, discussions on implementation issues are continuing. 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 because ISO 15189 is not prescriptive on the methods to be used 
[3,4,75–85]. 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 [86]. 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 [87,88]. Kost and Zadran [89] observed 
that no schools or colleges of public health systematically teach POCT, that POCT is only 
very limitedly discussed in public health books, and they argue that POCT training 
should become an integral component of public health education, especially due to its 
importance in disease outbreak situations. Also, and especially in LMICs, (near-)POCT 
platforms are starting to play an increasingly important role [90,91]. While the process 
is ongoing in many high-income countries [5], 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, as was also argued by O’Kelly et	al.	 [92]. In 
addition, Abimiku et	al.	[93] express the need for organization of EQA for POCT and 
evaluation of point of care tests prior to implementation and incorporation into 
(national) diagnostic test algorithms. They provide examples of cases where this did 
was not properly addressed, leading to HIV misdiagnoses due use of tests with low 
sensitivity.  

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, as 
was also argued by Thelen and Huisman [37]. A positive development is that, compared 
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to ISO 15189:2007, the scope and approach of ISO 15189:2012 has already become 
more risk based, which is a trend that should be continued. 

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), as also stated by Carey et	al.	[94]. Although not a 
new approach (the Lean methodology was developed by Toyota in the 1940s [95], the 
Six Sigma method in the mid-80s by Motorola and both were combined in the LLS 
approach by Michael George in 2002 [96]), the approach may be suitable as a 
complement to QMS implementation. When a QMS has been fully implemented, it 
should be 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. Lean 
focuses on elimination of waste (i.e. optimization of efficiency of processes without 
losing effectiveness) and could be used to optimize efficient functioning of QMS 
processes at lower cost. Zarbo et	al.	[97]	have presented promising results of deviation 
management using the Lean methodology in combination with ISO 15189 
implementation in the laboratories of the Henry Ford Health System. Serrano et	al.	[98] 
describe similarly promising results in a paper sharing experiences of implementing 
Lean tools in a pathology laboratory. Beastall [99] explains that it is a professional 
responsibility for laboratory medicine specialists to deliver a cost-effective service 
without compromising quality and he suggests Lean as one approach to achieve this. 
Six Sigma aims at increasing performance through project-based or long-term 
improvement processes, conducted by both management and employees. The case for 
Six Sigma implementation in conjunction with QMS implementation for continual 
improvement has been made before by Sciacovelli et	al.	[100], although Sharkawy et	al.	
[101] argue that debate on, and harmonization of the Six Sigma score calculation 
method in the laboratory is still needed. This was also demonstrated by Lee et	 al. 
[102,103], who propose a global dashboard with sigma metrics (once consensus on the 
calculation method has been reached) to provide a systemic-wide quality profile.  

This introduces a major recommendation related to strengthening of laboratory 
systems and mainstreaming of laboratory services in healthcare. Robert Hawkins 
argues that, interestingly, the analytical phase of laboratory medicine is the best 
performing sector in healthcare with nearly 5 sigma performance (0.002% error rate, 
or 233 errors per million opportunities), whereas healthcare overall performs at a 1-2 
sigma level (31-69% error rate, or 308,538 to 691,462 errors per million opportunities) 
[104]. Several studies on errors in laboratory medicine have shown that most errors 
actually occur outside the analytical phase and mainly in the pre-analytical phase 
[100,105–107]. 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. 
Although the research presented in this thesis is focused on strengthening individual 
laboratory facilities through implementation of a QMS, the study presented in Chapter 
6 and many other studies indicate that to function adequately and to successfully 
implement a QMS, a laboratory relies on a multifold of external factors 
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[32,45,64,69,108–113]. For example, to be able to effectively maintain laboratory 
equipment, specialized engineering capacity should be present within the country, to 
ensure availability of quality supplies, adequate procurement and supply systems need 
to be implemented countrywide, and availability of high quality preservice and in-
service training curricula is needed for ensuring availability of competent personnel. 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 [113,114]. 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, as discussed in the 
introduction of this thesis, is to ensure strong public health surveillance and patient 
care. This cannot be achieved by strengthening of laboratories and laboratory systems 
alone. More than 40 years ago, Lundberg introduced the ‘brain-to-brain’ loop in 
laboratory testing consisting of several steps until a right interpretation and utilization 
of the laboratory test result is achieved for improved clinical outcomes [115]. As one of 
the many examples, Plebani et	al. [83,116] indicate that clinicians often have trouble 
interpreting laboratory test results and related measurement uncertainty. This signifies 
that, 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 [90,114,116–118]. 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.  
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