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ABSTRACT	
Background: This chapter presents the results of a study conducted as part of the 
USAID TB CARE I project aimed at strengthening National Tuberculosis Reference 
Laboratories in Africa. The chapter is based on the study report published in 2015. 

Objectives: The aim of this study was to identify common factors that facilitated or 
impeded quality management system implementation, based on the international 
standard ISO 15189 for quality and competence of medical laboratories, at three public 
National Tuberculosis Reference Laboratories in Africa. Subsequently, the data 
collected were to be transformed into recommendations for best practices for 
implementation of a quality management system based on ISO 15189.  

Method: A mixed methods approach was used to evaluate the quality management 
system implementation process at the laboratories, including a desk review and semi-
structured interviews (n=22) with laboratory employees to identify factors that either 
facilitated or hampered the quality management system implementation process. The 
data collected were analyzed and discussed by tuberculosis laboratory- and quality 
management experts (n=6) during a consensus workshop, resulting in formulation of 
consensus recommendations for ISO 15189-based quality management system 
implementation. 

Results: Eighteen consensus recommendations for best practices were formulated by 
the expert panel based on analysis and discussion of the findings of the desk review and 
interviews. The recommendations are related to ensuring (1) availability of quality 
resources and (2) strong management with leadership and organizational skills to 
facilitate and coordinate the quality management system implementation process. 

Conclusion: Applying the consensus recommendations should enable laboratories to 
implement a quality management system and achieve ISO 15189 accreditation more 
successfully and efficiently.  

1 INTRODUCTION	
Due to increasing recognition of the importance of quality management system (QMS) 
implementation in medical and public health laboratories, many tuberculosis (TB) 
laboratories in high burden TB countries are considering moving towards QMS 
implementation and accreditation. Few have achieved this, particularly in the public 
sector, and most have limited knowledge of what to anticipate regarding the 
preparations needed to implement a QMS and achieve accreditation [1]. In 2008, the 
Maputo declaration was presented which could be seen as one of the first indications of 
increased recognition of the need for laboratory strengthening in low- and middle-
income countries (LMICs) [2]. In 2010, sub-Saharan Africa counted 340 ISO 15189 
accredited laboratories, the majority of which were located in South Africa. Only 28 
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were located in other sub-Saharan African countries and were almost exclusively 
private, parastatal or donor-supported research facilities [3]. Since publication of the 
Maputo declaration many guidance materials have been developed such as the Global 
Laboratory Initiative (GLI) Stepwise Process towards TB Laboratory Accreditation (GLI 
tool: www.GLIquality.org [4]), the World Health Organization (WHO) Laboratory 
Quality Stepwise Implementation (LQSI) tool (extranet.who.int/lqsi) [5], the Stepwise 
Laboratory Improvement Process Towards Accreditation (SLIPTA) checklist [3] and 
Strengthening Laboratory Management Towards Accreditation (SLMTA) training and 
mentoring program [6]. These tools and programs assist laboratories in translating the 
ISO 15189 requirements into practice, i.e. they assist with the implementation of a QMS. 
However, laboratories in LMICs embarking on laboratory strengthening projects are 
frequently confronted with unexpected challenges, many of which are similar for the 
majority of laboratories. This situation leads to waste of limited resources (human and 
otherwise) that could be avoided if laboratories are aware of, and can anticipate the 
critical factors that affect QMS implementation before they embark on this process.  

Between 2007 and 2014, the National TB Reference Laboratories (NTRLs) of Benin, 
Botswana and Uganda were assisted through the USAID funded TB CAP/TB CARE I 
projects with the implementation of a QMS based on ISO 15189, the international 
standard for quality and competence of medical laboratories. In all projects the 
laboratories received technical assistance from external experts. Evaluation of the QMS 
implementation process at these NTRLs forms an excellent opportunity to extract 
lessons learned and translate these into recommendations for best practices for 
implementation of a QMS. The purpose of this evaluation was, therefore, to analyze the 
progress of implementation of a QMS at the aforementioned NTRLs and identify 
common factors that facilitated or impeded QMS implementation, and to transform 
these into recommendations for best practices for QMS implementation. The research 
questions guiding this evaluation were: 

1. Which internal and external conditions of the laboratory challenged or 
facilitated implementation of the QMS? 

2. What are the preconditions for efficient implementation of the QMS? 

This chapter presents and analyses the results of this evaluation and the consensus 
recommendations for best practice formulated by an expert panel for implementing a 
QMS based on ISO 15189. 

2 METHODOLOGY	

2.1 STUDY	SITES	
The study was conducted at the NTRL of Botswana, supported by KNCV Tuberculosis 
Foundation which provided an embedded expert acting as quality officer (QO), and the 
NTRLs of Uganda and Benin, assisted by the Royal Tropical Institute (KIT) which 
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provided three to four one-week mentoring visits per year to guide the QMS 
implementation process. The NTRL of Botswana (enrolled in 2007) received ISO 15189 
accreditation from the South African National Accreditation System (SANAS) in 2012. 
The NTRL of Uganda (enrolled in 2008) was accredited by SANAS in 2013. The NTRL of 
Benin (enrolled in 2011) was not yet accredited at the end of the study period.  

2.2 DATA	COLLECTION	
To be able to evaluate the QMS implementation process at the three study sites it was 
necessary to get a deeper insight into the progress of QMS implementation per NTRL 
through a desk review. TB CAP and TB CARE I mission reports formed the backbone of 
the desk review. In addition, audit/assessment reports, minutes of internal quality 
meetings, and action plans collected during the QMS implementation projects were 
scrutinized. A standardized form was used to list the main findings from each 
document.  

Semi-structured interviews were conducted with laboratory employees to identify 
and/or verify barriers and enabling factors for QMS implementation. Respondents were 
recruited such that all positions in the laboratory were represented. The only inclusion 
criterium was that respondents had to be employed at the laboratory during the QMS 
implementation process and as such had witnessed the QMS implementation process 
first-hand. The interviews were conducted with permission from the management of 
the NTRLs, consent from the informants, and during the informants’ working hours. The 
interviews were recorded with the informants’ permission. Participation was voluntary 
and informants could terminate the interview at any time without giving a reason. The 
interviews were conducted in a private office without any other persons present. The 
informant was given the consent letter (in their national language) and allowed to read 
it before providing their consent by signing the form. To ensure confidentiality and 
anonymity the interview reports were coded and all personal identifiers were removed. 
A two-person team, consisting of a lead interviewer and a notetaker, conducted the 
interviews. The interviews were conducted in the national languages: English in 
Botswana and Uganda, French in Benin. An interpreter was hired for the interviews in 
Benin. The interpreter was familiar with the field of biomedical sciences and the 
associated jargon. Quality control of the interpretation was conducted by the 
interviewer himself as he was able to understand French (however, he was not 
sufficiently fluent to ask the questions himself).  

A total of 22 interviews were conducted (6 at the NTRL of Botswana, 8 at the NTRLs of 
Benin and Uganda each) which lasted between 32 and 116 minutes with an average of 
73 minutes. The main themes discussed were:  

 Internal/external conditions facilitating QMS implementation 
 Internal/external conditions impeding QMS implementation 
 External support provided 
 Preconditions to successful QMS implementation 
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2.3 DATA	PROCESSING	AND	ANALYSIS	
Interview reports were made directly after the interviews were conducted using the 
notes made during the interviews and the audio recording of the interviews. Validation 
of the interview processing method was done by having both members of the interview 
team process interviews separately after which they compared and merged their 
interview reports. 

After conducting all the interviews during the onsite visits, the interview reports were 
read and relevant statements in each interview report were categorized according to 
the themes. One compilation sheet per theme was made with statements from 
interviews from all three countries which facilitated comparison and categorization of 
statements.  

Data were further analyzed during a final consensus workshop where an expert panel, 
consisting of international experts in TB laboratory practice and laboratory quality 
management (Table 6-1) and recruited by USAID, reviewed the findings of the 
interviews and the desk review. They proceeded by listing all their observations per 
country, categorized according to the Quality System Essential (QSE) framework of the 
Clinical and Laboratory Standards Institute (CLSI) [7]. The panel subsequently 
formulated recommendations for best practices for QMS implementation based on their 
observations per QSE through a discussion and consensus approach.  

Table	6‐1:	Members	of	the	evaluation	team	

Expert	name	 Position/expertise	 Affiliation	

Valentina Anisimova, PhD, MD TB laboratory expert KNCV Tuberculosis 
Foundation 

Tjeerd A.M. Datema, MSc.  Laboratory quality management 
expert Royal Tropical Institute 

Mirjam F. Engelberts, BASc. Laboratory quality management 
expert Royal Tropical Institute 

Obert Kachuwaire TB laboratory quality management 
expert Independent consultant 

Linda Oskam, PhD Laboratory quality management 
expert Royal Tropical Institute 

Jerod Scholten, MPH, DSc. TB laboratory expert KNCV Tuberculosis 
Foundation 

3 RESULTS	
References to the NTRLs have been codified in this section to prevent traceability of 
interview quotes to specific persons and thereby ensure anonymity of respondents. The 
QSE framework is used to present the findings, argumentations and resulting best 
practice recommendations in a structured way. All findings are related to the 
organization and the resources of the laboratory: personnel, equipment, supplies (part 
of the QSE purchasing & inventory), and facilities & safety. 
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3.1 ORGANIZATION	
Under the QSE Organization, the expert panel formulated consensus workshop 
recommendations related to five different elements: 

1. Funding 
2. Laboratory management  
3. Communication 
4. Quality manager 
5. In-country quality peers 

3.1.1 Funding	
The assessment reports and mission reports scrutinized as part of the desk review 
showed that all three NTRLs received some level of financial support from their 
respective governments for funding of their basic routine activities. However, the 
donors’ contribution was larger than the financial input by the governments. During the 
interviews with laboratory employees it was indicated that donors provided financial 
support at all NTRLs to fill the gaps when government funding was insufficient/not 
available.  

“The	government	has	no	problem	with	funding,	but	they	don’t	spend	it	well	on	the	
right	efforts.	There	is	no	political	will.	They	don’t	fund	the	accredited	laboratories	
extra.”	[quality	officer,	NTRL	A]	

“It	 is	 costly	 to	maintain	 the	 accreditation	 process.”	 [laboratory	 technologist,	
NTRL	A]	

“[…]	the	management	was	really	ready	to	back‐up	the	process.	The	only	problem	
was	limitation	in	availability	of	funding.”	[quality	officer,	NTRL	C]	

	“Usually	partner	organizations	assist	when	this	is	the	case	and	provide	supplies.”	
[laboratory	technologist,	NTRL	A]	

	“Most	of	 it	 [funding]	 came	 from	TB‐CARE,	which	helped	a	 lot	 for	 continuous	
support.”	[laboratory	manager,	NTRL	B]	

Findings from the analysis of mission reports of all three NTRLs indicated that lack of 
funding resulted in a delay in the QMS implementation process. For example, all three 
NTRLs were lacking biosafety level (BSL) 3 facilities and needed either renovation of 
the existing facilities or construction of a new building. This was delayed due to lack of 
funding as it was observed that recommendations related to renovation/establishment 
of a BSL 3 facility were recurring in consecutive mission reports over prolonged periods 
of time. Vice versa: data from the mission reports also showed that availability of extra 
funding accelerated the QMS implementation process. For example: when funding 
became available to fill in key positions, to buy equipment and to arrange maintenance 
of equipment, the implementation process gained momentum.  
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Upon analysis of all data during the consensus workshop the panel of experts noted that 
additional funding led to the acceleration of the QMS implementation process whilst 
lack of funds led to a delay, and they concluded that early actions by the laboratory 
management to ensure availability of sufficient funding may facilitate and accelerate 
the QMS implementation process. This led to the following consensus 
recommendations: 

 Laboratory management should ensure funding for the entire QMS 
implementation process. The amount needed should be estimated based on 
identification of the required improvements through a thorough pre-QMS 
implementation assessment. 

 Laboratory management should advocate for sustainable funding for QMS 
maintenance (including equipment maintenance and calibration), e.g. through 
a dedicated budget line in the Ministry of Health (MoH)/government budget. 

3.1.2 Laboratory	management	
Analysis of mission reports of external experts visiting the NTRLs showed that at NTRLs 
B and C the management showed strong leadership and commitment to QMS 
implementation and the process went faster and smoother and staff were more 
dedicated to the implementation process compared to NTRL A. Examples of strong 
leadership demonstrated at NTRLs B and C based on analysis of the mission reports: 

 Pro-active fund raising resulting in sufficient staff and functional equipment. 
 Restructuring of the organization in collaboration with the staff, resulting in 

clear organograms and the appointment of backup staff for key positions. 
 Ensuring that all roles and responsibilities were clear to all staff through 

development of job descriptions, creating a conducive work environment with 
efficient collaboration and teamwork. 

 Adequate planning, resulting in the delegation of tasks and the timely 
maintenance of equipment. 

 Supportive supervision, resulting in competent staff as they were trained as 
needed, leading to better standardization and competence in conducting 
laboratory procedures. 

 Laboratory manager supporting the QO.  

These findings were supported by interviews with laboratory employees: 

“It	[QMS	implementation]	has	much	to	do	with	managing	people.	It	involves	a	lot	
of	aspects:	technical,	organization	and	behavior.”	[quality	officer,	NTRL	C]		

“There	is	need	for	leadership	in	terms	of	implementation.”	[laboratory	manager,	
NTRL	B]	

During the consensus workshops, the expert panel concluded that, at the NTRLs where 
the laboratory management was spearheading the QMS implementation process by 
providing direction and showing leadership to engage and involve staff, the QMS 
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implementation process was smoother compared to where this was not the case. 
Further discussion of these findings led to formulation of the following consensus 
recommendation: 

 Laboratory management should initiate and lead the QMS implementation 
process and show active commitment by spearheading implementation, 
providing direction and applying leadership skills from the start, to ensure that 
all staff are, and remain, engaged in the process. 

3.1.3 Communication	
Data from assessment reports and mission reports of all three NTRLs suggest that short, 
clear and effective communication lines, both internal and external to the laboratory, 
facilitate the QMS implementation process and makes it more efficient. Internally, this 
helped to get all the laboratory staff engaged and to increase team spirit.  

“Start	with	gathering	the	team,	communicating	what	I	think	would	be	important	
and	getting	their	views	about	it	and	setting	up	an	implementation	team,	establish	
communication	with	the	entire	team	regularly.”	[laboratory	manager,	NTRL	B]	

“It	 is	 through	meetings	and	permanent	 communication	 that	 they	 [laboratory	
management]	were	able	to	get	people	to	do	things.”	[quality	officer,	NTRL	C]	

“Attitudes	need	to	be	changed.	Communication	has	led	to	this	change.”	[support	
staff	member,	NTRL	C]	

Data from mission reports showed that good external communication with partners, 
donors and government led to them stepping in when there was a lack of resources as 
they were quickly consulted. 

“Fortunately,	we	have	partners	who	rescue	us.”	[laboratory	manager,	NTRL	A]	

Based on analysis and further discussion of these findings, the experts, during the 
consensus workshop, came to the following consensus recommendation: 

 Laboratory management should create efficient and effective communication 
channels both internally and externally. Internal communication fosters staff 
engagement and provides clarity on the quality objectives. External 
communication allows the laboratory to identify customer requirements and 
enables the laboratory to inform stakeholders about the needs of the 
laboratory and what the stakeholders can expect from the laboratory. 

3.1.4 Quality	manager	
Data from assessment reports and mission reports of external experts indicate that, at 
NTRL A, a full-time QO was appointed three months after the initiation of the 
implementation process and at that moment tangible implementation began. At NTRLs 
B, the QO was (initially) involved in other activities besides the QMS tasks, which had a 
negative impact on the speed of QMS implementation.  
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“There	was	no	dedicated	quality	officer.	The	person	available	had	many	tasks.	
Being	a	 lab	manager	or	quality	officer	 is	a	big	 task.	There	was	need	 for	clear	
distinction	of	tasks	and	responsibilities.”	[laboratory	manager,	NTRL	B]	

The experts, during the consensus workshop, concluded that these findings suggest that 
efficient QMS implementation needs a full-time dedicated QO without involvement in 
activities unrelated to QMS implementation. This led to the following consensus 
recommendation: 

 Laboratory management should appoint a competent, qualified and dedicated 
QO at the start of the QMS implementation process. The position of QO should 
be full-time. 

3.1.5 In‐country	laboratory	quality	peers	
All three NTRLs were the first TB laboratories in the public sector of their countries to 
implement an ISO 15189-based QMS. This meant that they did not have access to other 
routine diagnostic (TB) laboratories that were already accredited. However, during 
interviews both staff and management at all three NTRLs expressed that access to peers 
in quality management would have facilitated the QMS implementation process.  

“Personnel	should	be	given	examples	and	be	made	to	understand	the	role	of	the	
QMS.”	[laboratory	technologist,	NTRL	B]	

“The	workers	now	have	no	example	situation	when	they	get	the	tasks	to	improve	
something,	while	the	technologists	are	the	ones	who	really	have	to	realize	the	
changes.”	[laboratory	technologist,	NTRL	C]	

“Staff	need	to	see	how	an	already	accredited	laboratory	works,	so	send	them	to	
an	already	accredited	laboratory.”	[laboratory	manager,	NTRL	C]  

After analysis of the findings, the experts, during the consensus workshop, concluded 
that having had access to an already accredited laboratory, e.g. through a study visit, 
would have provided clarity on the final objective for staff, and for the QO this would 
have enabled discussion of possibilities with peers to find (alternative) solutions to 
challenges related to QMS implementation. This led to formulation of the following 
consensus recommendations: 

 Laboratory management should create or advocate for physical access to 
already accredited laboratories at the beginning and during the QMS 
implementation process, especially for key personnel. This provides them with 
a tangible example of an accredited laboratory and enables them to have a 
clearer picture of the required outcome. 

 Laboratory management should arrange communication with peers (if 
possible, in-country peers) for the QO to discuss challenges related to QMS 
implementation. This could also enable bilateral support mechanisms between 
the laboratories (such as creation of assessment schemes, bench marking, 
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exchange of equipment as well as spare parts and supplies, sharing equipment 
maintenance capacity and SOP templates). 

3.2 PERSONNEL	
Three elements related to the QSE Personnel were found to be of particular importance 
for efficient implementation of a QMS: change management, training, and management 
of workload. 

3.2.1 Change	Management	
Mission reports from external experts and data from interviews both indicate that at all 
the NTRLs the staff initially showed different levels of reluctance to fully partake in the 
QMS implementation process. Barriers were observed in the required change in both 
mindset and behavior.  

“It	is	difficult	to	get	staff	to	do	QMS	work	because	it	is	an	added	duty.”	[quality	
officer,	NTRL	A]	

“Change	in	the	staff’s	mindset	took	long.”	[laboratory	technologist,	NTRL	B]	

“You	also	have	 to	change	behavior	and	 this	 is	a	big	challenge	because	human	
beings	are	difficult	to	change.”	[laboratory	technologist,	NTRL	C]	

“Asking	staff	to	change	habits	 in	a	short	time,	 it	was	difficult.”	[quality	officer,	
NTRL	C]	

“It	 is	 difficult	 to	 change.	 There	was	much	 problems	with	 it.	 The	 staff	 turned	
around	when	consultants	came	to	explain	about	the	system,	somewhere	 in	the	
middle	 staff	 realized	 that	 it	 was	 good	 and	 started	 working	 on	 it	 to	 get	
accreditation.	This	went	bit	by	bit.”	[laboratory	technologist,	NTRL	A]	

Better involving staff in the QMS planning and implementation process by the 
management, and creating short communication lines within the organization, led to 
better acceptance. Thorough training and explanation on the importance of the QMS 
helped to get staff on board. 

“The	main	difficulty	is	documenting	everything.	They	are	not	accustomed	about	
taking	note	of	everything.	They	have	to	make	a	report	about	everything.	That	is	
a	great	problem	they	are	having	because	they	are	really	not	used	to	taking	notes.”	
[laboratory	technologist,	NTRL	C]	

“The	process	should	involve	all	staff	at	all	levels	from	the	beginning	so	that	it	is	
not	viewed	as	management’s	work	only.”	[laboratory	technologist,	NTRL	B]	

“People	are	not	all	onboard.	This	was	overcome	by	involving	all	staff	in	meetings	
and	discussing	problems	and	educating	them.”	[laboratory	technologist,	NTRL	C]	
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During the consensus workshop the expert panel, upon analysis of the data, concluded 
that for the success of QMS implementation it is important that the laboratory 
management is trained and skilled in change management. QMS implementation 
involves inevitable changes. By managing the change process well, the delay of QMS 
implementation due to reluctance among staff can be shortened. As such, the expert 
panel achieved consensus on the following recommendations: 

 Laboratory management should be competent in using change management 
principles and apply the proper management and leadership skills to facilitate 
the process of change required for QMS implementation. 

 Laboratory management should create transparency in the QMS 
implementation process for all staff and ensure that all staff members are 
involved. This facilitates staff engagement. 

3.2.2 Training	
Mission reports of the external experts assisting the NTRLs with QMS implementation 
indicate that at all three NTRLs the QOs and laboratory managers were trained in QMS 
principles. Only at NTRLs B and C all other staff were trained on quality management 
principles at the start of the process. However, during the interviews, staff of all NTRLs 
indicated they needed more training on QMS principles and implementation. All NTRLs 
were supported with continuous education through QMS-related trainings provided by 
the external experts, which was valued by staff. In all three countries laboratory quality 
management principles are not part of the pre-service training curriculum. 

“You	 need	 time	 to	 become	 trained	 and	 understand	 the	 purpose	 of	 the	 QMS	
activities.”	[laboratory	technologist,	NTRL	A]	

“Things	 that	would	 facilitate	 implementation	of	 the	QMS	 is	 training,	 training,	
training.	More	insight	was	needed	to	know	what	to	expect	and	what	was	needed.”	
[laboratory	technologist,	NTRL	A]	

“There	 should	 have	 been	 more	 trainings	 to	 explain	 what	 accreditation	 is.”	
[laboratory	technologist,	NTRL	B]	

“Trainings	were	not	all	 inclusive;	 some	people	missed	 some	 trainings	because	
they	were	not	invited.”	[laboratory	technologist,	NTRL	B]	

“They	 involved	all	 the	 trainees	and	worked	 from	 the	 top	of	an	activity	 to	 the	
bottom	of	the	activities.”	[laboratory	technologist,	NTRL	C]	

“External	assistance	really	helped.	Some	got	training	on	ISO	15189.	But	most	of	
the	 people	 at	 the	NTRL	 have	 never	 been	 trained	 on	 ISO	 15189.”	 [laboratory	
technologist,	NTRL	A]	

“The	majority	of	the	staff	except	the	QO	and	the	director	were	green	about	the	
exercise.”	[laboratory	technologist,	NTRL	B]	
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[when	asked	about	a	factor	for	successful	QMS	implementation:]	“The	first	thing	
is	training.	Before	you	start	the	process,	you	have	to	understand	all	the	things	
that	are	involved	in	that	process.”	[laboratory	technologist,	NTRL	C]	

“When	there	are	trainers	everybody	has	to	be	involved.”	[laboratory	technologist,	
NTRL	C]	

Upon analysis of the findings of the study during the consensus workshop, the expert 
panel concluded that training facilitates the QMS implementation process by increasing 
staff knowledge and competences in quality management, which in turn results in 
better staff engagement in the QMS implementation process. In addition, continuous 
education ensures that all staff remain engaged in the QMS implementation process. 
They further reasoned that training could also enable laboratory management to apply 
better management and leadership skills and guide the process of change. Related to 
this, the expert panel also noted the absence of education on laboratory quality 
management in the pre-service education curricula in all three countries. This appeared 
to have had an impact on the QMS implementation process at all three NTRLs because 
staff members were completely new and unfamiliar with laboratory quality 
management principles. These observations led the panel to formulate the following 
consensus recommendations: 

 At the start of the QMS implementation process laboratory management 
should ensure adequate training for key positions, particularly for the 
laboratory manager, QO and BSO. This enables them to perform their tasks 
competently and to be able to engage staff effectively. 

 Laboratory management and, if applicable, external experts, should ensure 
that all laboratory staff understand their role in the QMS implementation 
through targeted, relevant and continuous internal and external training. 

 Relevant stakeholders (e.g. laboratory representatives, donors and partners, 
national and international public health organizations) should advocate at the 
level of national government and education sector to make training on 
laboratory quality management principles part of the pre-service laboratory 
training curriculum, to maximize familiarity with QMS implementation on a 
national scale. 

3.2.3 Workload	
Mission reports related to all NTRLs noted that increased workload and shortage of 
staff affected the QMS implementation process, although no quantitative data on the 
workload of routine work versus human resource capacity were provided. However, 
issues related to high workload during QMS implementation were also noted during the 
interviews at the NTRLs. 

“When	QMS	was	implemented	the	workload	increased.”	[support	staff,	NTRL	A]	

“Some	people	were	against	the	whole	process	because	they	felt	they	had	increased	
workload.”	[laboratory	technologist,	NTRL	A]	
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“We	 felt	 that	 the	 process	 was	 very	 demanding	 and	 needed	 a	 lot	 of	 work.”	
[laboratory	technologist,	NTRL	B]	

“It	is	difficult	to	get	staff	to	do	QMS	work	because	it	is	an	added	duty.”	[quality	
officer,	NTRL	A]	

“There	are	many	different	routine	activities	which	already	causes	the	NTRL	to	be	
busy.	The	QMS	is	an	additional	burden.”	[laboratory	manager,	NTRL	C]	

During the consensus workshop the expert panel concluded, upon analysis of the 
findings, that implementation of a QMS initially increases the workload as it requires 
work to be done in addition to the routine work of the laboratory. This includes, for 
example, implementation of new methods, development and implementation of 
standard operating procedures (SOPs), improvement of recording and reporting 
mechanisms, development of equipment maintenance programs, etc. They therefore 
indicated that for efficient QMS implementation it is important that the increase in 
workload is anticipated and that workload should be monitored by the laboratory 
management throughout the QMS implementation process, so that swift action can be 
taken when workload becomes too high. This led the panel to formulate the following 
consensus recommendations: 

 Laboratory management should anticipate the initial increased workload 
when initiating QMS implementation and take appropriate measures. The 
increase in workload depends on the availability of staff and the amount of 
work to be done to achieve ISO 15189 compliance. The latter could be 
estimated by performing a thorough pre-QMS implementation assessment to 
identify the improvements that need to be made to achieve full ISO 15189 
compliance. 

 The laboratory management should continuously monitor workload. This 
enables the laboratory management to respond adequately to increased 
workload and prevent this from hampering QMS implementation and/or 
affecting routine work. 

3.3 EQUIPMENT	
The major challenge observed for the QSE Equipment was the in-country maintenance 
capacity and backup. 

3.3.1 Equipment	Maintenance	and	Backup	
External experts at all NTRLs reported insufficient competent in-country maintenance 
capacity for the maintenance and calibration of equipment. These claims were 
supported by interviews at NTRL A and B. 

“They	were	struggling	to	get	equipment	and	calibration	of	equipment	in	order.”	
[laboratory	manager,	NTRL	A]	
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“Calibration	 was	 a	 challenge	 for	 the	 whole	 country,	 finding	 the	 competent	
engineers	 who	 also	 understand	 the	 standard	 and	 document	 the	 requisite	
information	 when	 they	 finish	 their	 work	 was	 a	 challenge.”	 [laboratory	
technologist,	NTRL	B]	

“What	could	be	improved	would	be	having	competent	maintenance	technicians	
from	 the	 country.	 Local	 vendors	 may	 sometimes	 fail	 to	 trouble	 shoot	 the	
equipment	failures.”	[laboratory	technologist,	NTRL	B]	

“The	current	companies	in	[country]	cannot	do	the	correct	job.	There	are	several	
contracts	for	different	suppliers.	The	MGIT	machines	give	us	a	hard	time	to	get	
serviced	within	time.	The	general	equipment	also	gives	a	hard	time	because	of	the	
barrier	of	suppliers.”	[laboratory	manager,	NTRL	B]	

Data from mission reports related to NTRL C indicated that, to overcome issues related 
to continuity of equipment maintenance and calibration on the short term, the 
equipment officer was sent abroad to be trained on maintenance and calibration of the 
critical pieces of laboratory equipment. 

During the consensus workshop, the expert panel, noting that a stable equipment 
maintenance and calibration system is critical to QMS compliance and accreditation, 
reasoned that early actions are needed to ensure that a stable equipment maintenance 
program is created during the course of the QMS implementation process. One of the 
activities includes assessment of in-country expertise for maintenance and calibration 
of specialized laboratory equipment before the start of the QMS implementation 
process. This will inform on follow-up actions to be taken. In addition, the panel decided 
that it is important to also call on relevant stakeholders to advocate at the national 
government to increase in-country equipment maintenance capacity. This led to the 
following consensus recommendation: 

 Laboratory management should assess whether there is adequate equipment 
maintenance capacity for all critical laboratory equipment at the start of the 
QMS implementation process. This activity could be part of a pre-QMS 
implementation assessment. If in-country equipment maintenance capacity is 
inadequate, laboratory management must initiate actions early to find 
mechanisms to overcome this, as this may otherwise cause delays. Examples of 
possible interventions could be:  

o Training of one or more staff members to perform equipment 
maintenance themselves.  

o Outsourcing equipment maintenance to competent companies in-
country or otherwise abroad, dependent on in-country capacity (and 
anticipating the extra funds required). 

o Including a service contract for preventive maintenance as a 
requirement in tenders when purchasing new equipment. 

If in-country equipment maintenance capacity is inadequate, relevant 
stakeholders (laboratories/laboratory societies, national and international 



ISO	15189	quality	management	system	implementation:	look	before	you	leap	|	107	
 

 

public health organizations, etc.) should advocate at the national government 
to increase in-country equipment maintenance capacity for the (health) 
laboratory sector. 

3.4 PURCHASING	&	INVENTORY	
The major challenges observed for the QSE Purchasing & Inventory were related to 
procurement and supply chain management.   

3.4.1 Procurement	of	Supplies	
During the desk review it was observed that inflexible in-country supply chain 
management procedures resulted in slow procurement processes and substandard 
quality of supplies for all NTRLs. All NTRLs relied on donors for the provision of 
supplies that were not provided by the government supply system. At NTRL A, 
interview data indicate that this was perceived as having a negative impact on QMS 
implementation.  

“The	supply	management:	it	is	not	optimal,	we	often	run	out	of	supplies.	It	takes	
long	to	get	the	reagents	due	to	procedures	of	the	national	procurement	system	
arranged	by	the	government.	Sometimes	we	run	out	of	supplies	to	an	extent	that	
we	 have	 to	 stop.	 Fortunately,	we	 have	 partners	who	 rescue	 us.”	 [laboratory	
manager,	NTRL	A]	

“Some	things	are	beyond	the	NTRL	and	hinder.	Example	is	supply	management.	
The	NTRL	cannot	do	something	about	this.”	[laboratory	technologist,	NTRL	A]	

“Supply	management	does	 influence	 [quality]	because	work	 sometimes	has	 to	
stop.”	[laboratory	technologist,	NTRL	A]	

In addition, a lack of certified suppliers was perceived as a challenge for NTRL C.		

“Because	of	the	tendering	system	it	is	not	always	possible	to	have	good	quality	
supplies.	Funding	applications	don’t	always	allow	brands,	only	 specifications.”	
[laboratory	manager,	NTRL	C]	

The expert panel, noting that timely delivery of good quality supplies leads to 
uninterrupted quality services and is a condition for QMS compliance and accreditation, 
concluded that in areas were qualified suppliers are scarce, and/or supply delivery has 
long lead times, adequate actions must be taken to find alternative solutions and 
improve this situation. Examples of the actions recommended by the panel are similar 
to those related to equipment maintenance: prior to the QMS implementation process, 
the capacity of procurement and supply chains should be assessed to inform on early 
actions to be undertaken if the capacity is inadequate. In addition, the panel decided to 
call on relevant stakeholders to advocate for improvement of supply chain management 
in the country. This led to the following consensus recommendations: 
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 Prior to QMS implementation the laboratory management should assess the 
capacity of procurement and supply chains to provide quality supplies and 
cope with a potential increasing demand for supplies. This activity should be 
part of a pre-QMS implementation assessment. If capacity of procurement and 
supply chains is inadequate, timely actions should be undertaken as 
improvements can take a long time (as they often are outside the control of the 
laboratory). The appropriateness of the strategies depends on the local 
situation. If the routine procurement of supplies is outside the control of the 
NTRL, the NTRL management should advocate to the relevant authorities to 
have their own budget available for the procurement of supplies in case of 
failures in the supply chain and for emergencies that require extra supplies. 

 If lead times for supply delivery are long due to circumstances that have their 
root cause within the country, relevant stakeholders (laboratories/laboratory 
societies, national and international public health organizations, etc.) should 
advocate to the proper sources to eliminate these causes and improve supply 
chain management. 

3.5 FACILITIES	&	SAFETY	
As indicated earlier in this chapter, renovation of the laboratory facilities can be a long 
process which requires timely anticipation and planning. This was also the case at all 
the NTRLs where mission reports showed that the (re)construction of the BSL-3 facility 
delayed QMS implementation due to inadequate planning and/or communication 
between the NTRL and the donor, slow tender procedures, and/or unavailability of 
competent in-country BSL-3 laboratory construction firms. 

The expert panel, noting that a safe work environment is a prerequisite for health of the 
staff, especially in TB (culture) laboratories, therefore deemed it important to formulate 
a dedicated recommendation related to laboratory safety, urging for early assessment 
of compliance of laboratory facilities with biosafety and biosecurity standards to inform 
early and adequate improvement of safety and security of the laboratories. This led to 
the following, final, consensus recommendation: 

 Laboratory management should assess whether the facilities comply with the 
(bio)safety and biosecurity requirements prior to QMS implementation. This 
could be part of a pre-QMS implementation assessment. If the facilities do not 
meet the requirements, laboratory management must immediately set the 
improvement of the facilities in motion as funding limitations and limited in-
country availability of competent contractors to renovate or newly construct 
laboratory facilities can affect QMS implementation. 
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4 DISCUSSION	
This evaluation sought to determine consensus recommendations for best practices 
that laboratories should take into consideration before embarking on the process of 
QMS implementation. Many factors that are likely to affect the implementation of a QMS 
were observed, such as the (un)availability of funding, the role of laboratory 
management, training, supply chain management and equipment maintenance 
capacity, and change management/staff resistance. The findings are supported by 
several other reports on QMS implementation [8–19]. 

4.1 IMPORTANCE	OF	A	STRONG	LABORATORY	SYSTEM	
The NTRLs in this evaluation received different levels of support from their respective 
MoHs. They are situated in LMICs in Africa and represent settings similar to 
laboratories in other African countries where multi-partner support in collaboration 
with the government has been used to achieve laboratory accreditation [20,21]. As 
much as partner support is essential to start the implementation of the accreditation 
processes, without long-term government support national accreditation programs will 
not be sustainable in the public sector [19,22]. To ensure sustainability, advocacy by 
relevant stakeholders at the national level will be required for governments to include 
QMS implementation in national laboratory policies and national strategic plans and 
budgets [19,21,23,24]. 

Availability	 of	 funding facilitated QMS implementation in this study by enabling 
recruitment of additional staff, procurement of reagents, improvement of facilities, etc. 
Lack of funding delayed some of the processes at the NTRLs such as the construction of 
BSL-3 facilities. This obstacle was often resolved by interventions from donors who 
financially supported the majority of the QMS activities. The same was seen in Ethiopia, 
where laboratories implementing a QMS using the Strengthening Laboratory 
Management Towards Accreditation (SLMTA) model only progressed in areas that 
required no financial commitment, signifying the importance of funding for this process 
[25]. Although donor funding facilitates continuity of the QMS implementation process, 
it does not contribute to sustainability. Sustained funding is required for maintenance 
of the QMS after it has been implemented and in the public sector this should ideally be 
provided by the MoH. 

The availability	 of	 a	well‐functioning	 supply	 chain	 system	 and	 reliable	 suppliers was 
identified as a prerequisite for adequate functioning and QMS implementation by all 
three NTRLs. Availability of reliable (certified) in-country suppliers was a challenge at 
all three NTRLs, which made the supply chain system cumbersome. This finding is 
supported by other studies [8,10,14]. The same applies to the frequently reported 
challenges around equipment maintenance capacity in LMICs [11,12,14,18], which was 
also perceived as a challenge by the three NTRLs evaluated in this study. The fact that 
challenges related to equipment maintenance and supply chain systems are similar in 
many LMICs indicates that urgent action is needed at laboratory system level to resolve 
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these issues. Although many supplies have to be imported from abroad which often 
leads to long lead times, the national governments could play a role in optimizing the 
administrative procedures around ordering and importing supplies. This will prevent 
an increase in the already long lead times of imported supplies. National governments 
can also play a role in the creation of in-country equipment maintenance and calibration 
capacity by establishing policies and providing subsidies for the establishment of such 
institutions. 

A safe	work	environment in TB laboratories is an international requirement to ensure 
the safety of both staff and patients [26]. The challenges related to facility upgrading 
observed in this evaluation support the statement made in the roadmap for ensuring 
quality TB diagnostic services within national laboratory strategic plans as published 
by WHO, indicating that the establishment of well-maintained TB laboratories with 
appropriate biosafety measures and equipment presents the greatest challenge for both 
initial financing and sustainability [27]. This emphasizes the necessity to assess and 
identify the improvements that need to be made to the laboratory facilities at the start 
of the QMS through a pre-QMS implementation assessment, so that the improvement 
process can be started at the earliest convenience, leaving more time to mitigate 
challenges. 

4.2 IMPORTANCE	OF	STRONG	MANAGEMENT	
All the consensus recommendations formulated based on this study are related to two 
elements: (1) organization (including management) of the laboratory, and (2) the 
resources required for laboratory work (personnel, equipment, supplies, and facilities 
& safety). As stated before, QMS implementation is a process of change; strong 
management and organization are needed to coordinate and facilitate this process. 
Laboratory management has an important role in advocating and sensitizing the MoH 
to support QMS implementation and maintenance. Further to this, laboratory 
management has the responsibility to propagate the QMS and explain the implications 
both internally and externally. In addition, in this evaluation, all the NTRLs experienced 
increases in workload during QMS implementation. Laboratory management should be 
ready to anticipate and manage this change by reorganization and/or the recruitment 
of new staff. 

The availability	of	a	full	time	QO from the start of QMS implementation process made it 
move faster and more efficiently, which supports the statement of Zeh et	al. [14] and 
Guzel et	al.	[16], who emphasize the importance of appointing persons responsible for 
coordinating the process. When the QOs, in this study, were assigned duties unrelated 
to QMS implementation, the implementation process slowed down. 

Data from our study support the statement made by others that initial	and	continuous	
training to build capacity of staff, starting with key personnel, is essential for the QMS 
implementation process [8,12,13,17]. In addition, the interviewees indicated that they 
would have benefited from visiting laboratories that were already accredited and QOs 
stated that it is important to have opportunities to share experiences with peers 
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involved in QMS implementation. In Kenya, a laboratory implementing a QMS formed 
an advisory committee with experts from the U.S. and held quarterly meetings in a 
formal in-country Quality Assurance committee which aided the QMS implementation 
process [14]. If possible, advisory committees with peers from the same country are 
preferred to facilitate more accessible discussion possibilities and keep control over the 
costs. 

Resistance from staff caused by the required change in culture and practice during the 
accreditation process as observed in our study is in line with findings of studies 
conducted in Kenya and Rwanda [14,28]. In Rwanda, to increase staff buy-in, a 
performance-based incentive scheme was employed, which involved financial rewards 
for continued improvement during implementation [28]. In our study the management 
of two NTRLs showed strong direction and leadership. At this NTRL staff were engaged 
and committed to the QMS implementation process from the start. A culture of open 
communication also contributed to staff engagement and involvement. These findings 
confirm the importance of laboratory management showing strong	management	and	
leadership and applying principles of change management as described by Berwouts et	
al. [9]. 

4.3 MEASURING	EFFECT	OF	QMS	IMPLEMENTATION	–	QUANTITATIVE	
DATA	

During this study the collection of quantitative data on laboratory performance before, 
during and after QMS implementation was attempted. It proved to be impossible to 
collect sufficient baseline data. In laboratories without a QMS many data are not 
structurally recorded due to absence of a laboratory information system. However, the 
fact that the proper collection of data from the years before the start of the accreditation 
projects is not possible, while this can be done after QMS implementation is in itself a 
sign of quality improvement, indicating that a QMS improves accessibility and 
availability of laboratory data. 

Collection of quantitative data with the aim to measure performance improvement of 
the laboratory as result of QMS implementation was also found to be unfeasible because 
of various confounding variables. During the study multiple development and research 
programs were implemented at the same time and it turned out that no direct link could 
be made between measured performance improvement and QMS implementation.  

Nevertheless, at the NTRL of Botswana, the number of routine diagnostic tests in the 
year after receiving accreditation was 6.7 times higher compared to the year before the 
start of the accreditation project (21,491 vs. 3,200 requests, respectively). This increase 
was attributed to the improved reputation of the NTRL following accreditation and the 
fact that (referral) laboratory testing at the NTRL was, therefore, included in the 
national diagnostic algorithms of Botswana.  
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4.4 LIMITATIONS	OF	THIS	EVALUATION	
This evaluation was performed by the same persons that provided assistance during 
the QMS implementation processes at the three NTRLs. The evaluators minimized the 
risk for bias by making sure that most of the interviews were led by persons that did 
not provide external assistance to the NTRL at which the interviews were held, while 
the person that had provided external assistance to the NTRL before, made notes of the 
interviews.  

Another potential limitation is the small sample size. However, reports of similar 
projects in other countries, some of which outside Africa, present similar results and 
therefore the authors conclude that the findings and resulting consensus 
recommendations for best practices for QMS implementation from this study can to 
some extent be extrapolated [9,11,14,21,29–37].  

5 CONCLUSION	
Through evaluation of the ISO 15189-based QMS implementation processes at the 
NTRLs of Botswana, Uganda and Benin, using a mixed methods approach, insights were 
obtained on important factors influencing the QMS implementation process. Based on 
these insights, 18 consensus recommendations for best practices for QMS 
implementation were formulated. These best practices should enable more efficient 
implementation of a QMS based on ISO 15189. 

Interestingly, all best practices identified in this evaluation are related to two particular 
areas: organization (including management) and the resources of the laboratory 
(personnel, equipment, supplies, facilities & safety). This emphasizes the importance of 
strong laboratory management and a strong laboratory system for efficient QMS 
implementation.  

It is important that laboratories that are planning to implement a QMS, perform a pre-
QMS implementation assessment, focused on the recommendations for best practices 
laid out in this chapter. If major points for improvement/needs for investment are 
identified, actions should be taken immediately to decrease the chance that they will 
affect QMS implementation at a later stage. 
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