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Abstract (244 words)
Background: Blood services need to undertake research to improve their strategic goals, operational effectiveness and promote evidence-based policies. NBSZ has a long history of active research and undertook a systematic review of its research capacity to guide its new research strategy. In the absence of a published approach for research capacity assessment for national blood services, a framework to assess research capacity in African universities was used.  
Methods: Semi-structured interviews were conducted with 85 NBSZ internal and external stakeholders. The interview topics were based on eight areas covered by the framework used to assess universities’ research systems. Information was verified through triangulation and recommended actions emerging from the review were validated at a national stakeholder workshop. The appropriateness of the framework for use in the setting of blood services was also evaluated. 
Results: Synthesis of information from the multi-perspective interviews highlighted key areas of NBSZ’s research capacity for improvement, in particular better dissemination of NBSZ’s research priorities and closer ties with academics and their institutions for preparing research proposals and jointly undertaking research projects. With minor adaptations, the framework was found to be applicable to NBSZ and no aspects of research capacity were identified which were not covered by the framework.
Discussion: Our results indicate that it is feasible and useful to apply a structured process to review the research capacity of blood services. However, the framework needs to be tested in blood services and other non-university setting to assess its usefulness and transferability. 
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INTRODUCTION
Blood services like other health system services need to undertake research to improve the effectiveness of their operations and to contribute evidence for improving policies, nationally and internationally. [1–4] In 2008, a workshop was held in Kenya to develop the first list of research priorities for transfusion services in sub-saharan Africa (SSA) and highlighted a critical lack of African researchers working on transfusion issues. [5] The European Union-funded transfusion research capacity (T-REC) project (2011-15) was therefore initiated to strengthen research capacity in blood services in Africa, particularly the National Blood Services in Zimbabwe (NBSZ) and Ghana who were grant co-applicants.  
The NBSZ is mandated by the Ministry of Health and Child Care (MoHCC) to provide blood services for Zimbabwe [6] and has five branches nationally. Since its establishment in 1954 NBSZ has committed to continually enhance its research capacity and its profile nationally and internationally and conducts operational research to improve blood safety and to ensure that its systems are kept up to date. [7–9]. NBSZ has used the completion of the T-REC project as an opportunity to, for the first time, systematically review the Service’s current research capacity and to engage its own staff and external stakeholders in planning the Service’s next steps in strengthening its research capacity.  
We were unable to identify any published approach for reviewing blood services’ research capacity. We therefore adapted an evidence-based framework and process used previously to review the research capacity in several African universities.[10] The purpose of this review was to document NBSZ’s research capacity against all areas within the framework, identify strengths and make recommendations about addressing weakness. The overall goal was to enable NBSZ get consensus from key stakeholders on the priorities for NBSZ to conduct high quality research to improve the effectiveness of its operations and which could contribute to international blood services research.  The paper describes an evidence-based approach for systematically reviewing research capacity in a national blood service. It details how the used methods were adapted from those used in African universities. The NBSZ was used as a case study to adapt the methods and tools, test the approach, and evaluate whether it is feasible and able to produce recommendations that are useful and practical for the blood service.  

METHODS
The main method used to gather data was semi-structured interviews with individual stakeholders. A framework which had been used to review research capacity in African universities was used to guide this review of NBSZ’s research capacity.[10] The topics within the framework were based on a literature search, expert opinion and international standards to ensure it comprehensively covered all the academic, administrative and financial support needed to generate international quality research. [1,2,4] Topics in the semi-structured interviews were matched to the interviewee’s area of expertise making sure that all topics were covered during the totality of interviews, and that each topic was discussed with at least two different individuals in order to verify the information. The few discrepancies that arose were resolved through discussions with senior members of the NBSZ Executive Management team. This approach provides a more in-depth and systematic way of planning and is different from traditional SWOT analysis because it assesses existing capacity against a structured framework. This framework is based on published literature describing best practice for research institutions. 
The 85 stakeholders to be interviewed were identified in advance and comprised NBSZ’s five branch research committee representatives, internal staff researchers, medical consultants, research fellows, data clerks, and members of the NBSZ Executive Management and external representatives of organisations such as universities, and the national regulatory organisation and research council. Each interview was conducted individually apart from five group interviews (3-11 people), took 30-60 minutes and was conducted by at least two members of the review team. Notes were taken by hand and senior level interviews were recorded where consent was given. These recordings were used to check accuracy of information and were then deleted.  

Information from each interview was mapped under one of eight categories, which comprised: research strategies and policies, institutional support services and infrastructure, supporting funding applications, project management and control, research careers and promotions, development of skills and knowledge for research, external promotion of research, and national research uptake (details in supplementary online information). The information under each component was amalgamated into a narrative report and recommendations made by interviewees to address any weaknesses were compiled into a list. 

The review team held a debriefing meeting at the end of the review process for senior NBSZ staff so they could provide feedback on the review process and its preliminary findings, discuss and refine the recommendations, and ensure that the review process, findings and recommendations were appropriate and valuable for NBSZ. This was followed by a consultative workshop, which involved senior staff from the NBSZ branches, some of the interviewees and additional external stakeholders. The findings of the review were presented, discussed, and validated by the participants. Through small group discussions the recommendations were refined to ensure they were feasible, and ways of addressing particularly problematic topics were explored in detail.  

RESULTS
Reasons for NBSZ to do Research
All those interviewed agreed that NBSZ should undertake research and that the research should be focused primarily on improving operations and that it should be shared with the international research community. Various reasons for NBSZ to do research were given including to:

· Enhance professionalism at the Service

· Resolve unanswered questions; “understand why they have problems”; “we have problems that are unique to us”

· Influence decision making; research “helps management make informed decisions”

· Keep up with change; to continually improve 

· Motivate staff

· Advance through evidence generation; “any establishment that does not do research will not progress”

The findings of NBSZ’s research capacity review are presented under eight themes, which were designed to cover all of the components needed for an institution to operate as an international research institution. 
Research capacity themes
1. Research Strategies and Policies

Successes
NBSZ has over three decades experience of conducting internal ‘research’ to improve its own operations and blood safety using its own internally generated funds but also occasionally with support from external donors. NBSZ recognises its leadership responsibilities concerning research and has produced a research and development policy (2001) and a research strategy plan integrated within the NBSZ Strategic Plans. Research priorities for NBSZ were adopted from the African transfusion research prioritisation meeting held in Mombasa in 2008. 
Challenges
None of the stakeholders outside NBSZ were aware of the existence of the research policy, strategy and priority research topics. 
Recommendations
Policy makers and academics should be made aware of the research policy, strategy and priority research topic documents since they may be influential for national health planning, and consequent funding opportunities, and for guiding joint University-NBSZ research projects. 
2. Institutional Support Services and Infrastructure

Successes
NBSZ already has many of the elements needed for it to develop into a strong national and international research resource. It has a pool of well-documented, committed blood donors, sophisticated laboratories, a national network of ‘customer’ hospitals and a strong public engagement team. The Service has ISO certification and the quality of its laboratory results is assured through participation in external quality assurance schemes. It also has good information and communication technology facilities and infrastructure and well-developed data management systems. NBSZ’s workforce has a strong culture of enquiry and experience of operational research, which is used to improve the quality and efficiency of the Service. Recognising the importance of good data management to underpin its internal research, NBSZ appointed a Research and Data Officer in 2001 who was later upgraded to head a new department of Planning, Information and Research (PIR) which was established in 2011. 

Challenges
Although NBSZ was recognised by external academics as a “mine of data” only a few academics had actively engaged with the Service to use this resource as the basis for joint research projects, predominantly facilitated by the T-REC project. Each NBSZ branch has a Research Committee but the extent to which the branches are involved in generating and utilising their own research is variable. 
Recommendations
NBSZ should consider how it could better market its ‘research’ resources including by providing training courses, a quality assurance service, ‘normal’ population samples and validation of new diagnostics and use them to potentially diversify and increase its income. Although established in 2006, the NBSZ research committees still require further strengthening so that this could help the organisation wide research efforts.

3. Supporting Funding Applications

Successes
NBSZ already has experience in writing non-research funding applications and there is a clear mechanism in place for approval of research proposals at NBSZ. All proposals have to be signed off by the departmental head and are logged within the PIR department. The involvement of departmental heads promotes ownership of the research and its findings and also allows negotiation around the research topic and methods to ensure it is of benefit to the department. 

Challenges
Despite its capacity to competently apply for grants to non-research projects this has not been extended to research funding applications. Also, across the Service, there is very limited knowledge about how to search for research opportunities and little expertise in developing, submitting and managing competitive research grants. The lack of external research funding makes it difficult for NBSZ to gain a reputation in the international research arena. 
Recommendations
The strong culture of operational research, the well-organised and robust policies and procedures that underpin the Service could provide a strong platform on which to build internationally relevant research activities.  There is an opportunity for NBSZ to develop a strategy for systematically identifying potential research funding opportunities. There is need to set-up a multi-disciplinary team during the development of funding applications. It is critical for NBSZ to prioritise training and mentoring of researchers in how to write successful research grant applications. This can be strengthened by establishing strategic collaborations with experienced researchers, with success in attracting grants, to develop and submit joint-funding applications.
4. Project Management and Control

Successes

NBSZ has experience in managing non-research projects and through T-REC, the Service has also gained experience of managing research activities and funds in line with European Commission requirements, and of managing doctoral projects jointly with the University of Groningen in The Netherlands. 

Challenges
NBSZ has little experience of managing research projects and ensuring timely delivery of objectives to address specific research questions, and this requires a different set of skills and expertise, from those needed to manage operational Service projects.
Recommendations
There is a wide recognition that NBSZ has a strong project management and control capacity, which can be extended to research activities. This can be achieved by forming strategic collaborations with researchers, ensuring that training and mentoring for researchers and research support staff is included as part of the collaborative agreement. 
5. Research Careers and Promotions

Successes
Enhancing research skills among scientific and clinical staff so they can “go beyond the routine”, and encouraging all staff to get involved in supporting research, are both considered important by NBSZ. The Service has invested in a PIR department and currently hosts two PhD students under the T-REC PhD Fellowships who are registered with Groningen University in Netherlands with supervisors from both Netherlands and Zimbabwe local university. [11–13] One of these students is, and will continue to be, employed by NBSZ on completing his doctoral studies and to lead research activities across the Service. NBSZ also welcomes external research fellows to undertake (unpaid) projects with the Service and the Human Resources Department has policies regarding, for example, confidentiality, governing arrangements for these Fellows. 
Challenges
Research, other than for its own internal Service improvement purposes, is a secondary function of NBSZ. Research is not yet universally included in the job descriptions of senior scientific and clinical staff and there is currently no way of recognising individuals’ contributions to research through the careers or promotion system. NBSZ does not have any specific requirement for any post-holder to have obtained a PhD and there are no immediate plans to establish a specific NBSZ research and development unit (similar to Blood Service Research and Development units in Europe and North America). Consequently there is currently no clear role for a PhD holder within NBSZ. NBSZ like all service industries has limited capacity to allow some staff to be full time researchers in the face of competing needs for research and service demands.
Recommendations
Currently the research career path within NBSZ needs further strengthening in view of the hosting of current two PhD fellowship under the T-REC project.  There are opportunities to explore potential career options for PhD holders including joint or part-time posts with academic institutions. Various stakeholders were keen for NBSZ to consider the introduction of incentives for research achievements.

NBSZ should pursue mechanisms for strategically expanding university links so that NBSZ staff can access research training and mentoring, and courses possibly in return for teaching. Another key consideration is to improve students’ learning environment at NBSZ by appointing an NBSZ training officer, formalising students’ learning outcomes and holding regular progress meetings. NBSZ could also consider establishing stand alone continuing professional development courses or using them as modules for Masters programmes. External validity and marketability may be enhanced if the courses are externally accredited. The NBSZ was encouraged to ensure that NBSZ staff are aware of academics’ needs and perceptions relating to incentives so that misunderstandings do not jeopardise relationships. 
Although no formal arrangements are in place, it was suggested that if finances are available it might be possible for NBSZ senior staff to have one day a week devoted to research. 
6. Development of Skills and Knowledge for Research

Successes
NBSZ actively encourages and funds training for staff including in research-relevant activities. The Service has also contributed staff time and facilities to research activities, including the T-REC programme so that staff could attend workshops and conduct their research using NBSZ facilities. Regular research seminars are held within NBSZ. Prior to T-REC, specific research skills training was not undertaken within NBSZ but managers are confident that some of this training could now be provided in-house. The human resources department holds the NBSZ training budget and there is a clear process for applying to access it. All training is subject to an evaluation after 3-6 months, which has to be signed by the trainee and their line manager, to gauge its effectiveness. There is an ongoing Memorandum of Understanding relating to research that has been established between University of Zimbabwe and NBSZ, and through T-REC, a formal agreement was signed between NBSZ and the University of Zimbabwe’s Research Support Centre. These arrangements enabled NBSZ staff to attend courses and provided free library access for the PhD students.

Challenges
NBSZ hosts university undergraduate students doing the four-year Medical Laboratory Science Honours degree and through this initiative and T-REC, the Service has created valuable links with local academic institutions. This relationship now needs to be translated into concrete arrangements for ongoing joint research projects. It would also benefit NBSZ if their training courses, including those related to research, could be accredited by an external academic institution or professional organisation. Many College of Health Sciences staff were unaware of the formal arrangements between NBSZ and the University of Zimbabwe or it’s Research Support Centre concerning research. It was felt that the links had not been fully utilized and that more work was needed to sustain them in the long term. 
Recommendations
The university academics were amenable to a mutually beneficial arrangement whereby NBSZ staff contributed teaching time in the university in return for access to, for example, mentoring or training courses. Areas where NBSZ had skills that they could use for university teaching included biostatistics and data management. Other suggestions ranged from financial incentives, to publications since these were required for academic promotions and hence resulted in salary increases. Discussions should be held with the Dean’s office in the universities for provide guidance about the need and type of incentives. 
7. External Promotion of Research

Successes
Academics who were interviewed recognised that NBSZ was a “phenomenal resource” with strong potential for research opportunities. Of particular interest to researchers was the well-documented bank of ‘normal’ population samples from blood donors. NBSZ regularly participates in international research meetings (e.g. organised by World Health Organisation, Africa Society for Blood Transfusion, International Society for Blood Transfusion, AABB) and has published several peer-reviewed articles in prestigious journals over the last three decades (see supplementary Table with NBSZ published papers). [7,14,15]  
Challenges
None of the non-NBSZ interviewees were aware that NBSZ had already defined its research priorities. NBSZ’s focus on international research meetings means that efforts to engage in national research meetings have been limited. 
Recommendations
The need for NBSZ to externally promote its research capabilities was regarded as critical but is currently limited. NBSZ was urged to develop a ‘research marketing’ strategy to “entice the academic fraternity” which should include highlighting its research priorities and promoting the research advantages of the wealth of data and material, as well as the quality systems and tests available within the Service. NBSZ should also actively contribute, and submit research abstracts, to the local research fora and hold annual research days jointly with the universities where both senior and junior university staff and students would be invited. The need for NBSZ to identify priority research meetings and seminars for NBSZ staff to attend was also emphasised. NBSZ was encouraged to explore dissemination opportunities through various strategic institutions. 
8. National Research Uptake
Successes

NBSZ is perceived nationally as a very successful private organisation and a valuable strategic resource for the country, which uses internally and internationally generated research to improve its operations. In order to use research findings internally, the PIR department is informed about research results and sets up a meeting with the Executive Management team to discuss the implications and decide on any further actions. NBSZ has some engagement with national research bodies (e.g. the research manager is a reviewer for the Medical Research Council of Zimbabwe and a Board Member of the Biomedical Research and Training Institute – Institutional Review Board). In February 2015, for the first time, NBSZ provided a research exhibition at the 10th Zimbabwe International Research Symposium hosted by Research Council of Zimbabwe. This exhibition serves as an entry point to expand involvement of NBSZ in the national research community. The Medicines Control Authority of Zimbabwe is pursuing the process to begin regulating blood and blood components (products are already regulated as ‘drugs’) and is keen to be involved in the research process at NBSZ. 
Challenges

Although NBSZ is a national health service delivery institution, it faces challenges with national visibility partly because it is a private, non-profit organisation and it does not have direct communication channels with other non-health government departments. The mechanisms by which NBSZ could influence national policies have not been strategically exploited by the Service and so they may have missed opportunities to get transfusion-related priority issues onto the national agenda. This is important because national funding is linked to these priorities. 
Recommendations
NBSZ needs to exploit the fact that policy makers are keen to get involved in research discussions by providing opportunities for them to attend relevant meetings. Blood Service regulation is a new area for the Medicines Control Authority of Zimbabwe who are keen to work closely with NBSZ to design appropriate mechanisms such as standard operating procedures starting with a focus on diagnostics for transfusion transmissible infections and then moving on to haemovigilance. NBSZ should forge strong links with the regulatory body so they can jointly strengthen NBSZ’s research activities.
Overall summary on the review process
In summary, our study has indicated for the first-time that it is feasible using NBSZ as a pilot centre to assess the blood services research capacity based on the above eight themes. With minor adaptations (streamlining of the review questions), the framework was found to be applicable to NBSZ and no aspects of research capacity were identified which were not covered by the framework. We noted that NBSZ stakeholders appreciated having an external review to help them identify, and prioritise, actions for the short and medium term. 
DISCUSSION 
This study describes an innovative process for rapidly and comprehensively assessing the research capacity of a national blood service. The use of an overarching framework to guide discussion topics, the collection of information from stakeholders with multiple perspectives, the verification of findings by more than one source and validation of the findings at a consensus workshop all give confidence that the findings are robust. Identification of the strengths that already exist within NBSZ against a framework derived from an evidence-based international ‘benchmark’ provides reassurance for senior NBSZ managers that they have already embedded many components of research infrastructure in the organisation. Challenges that emerged from the review, and potential solutions proposed by the interviewees, have provided senior NBSZ managers with clear actions that they can incorporate into their annual planning cycle. Successful completion of these action will enable NBSZ to be confident that they have capacity in their human and infrastructural resources to generate research that is of international standard and meets the needs of NBSZ, and that they have mechanisms for promoting the uptake and utilisation of the research within NBSZ, by external decision-makers and by the international transfusion and research communities. [1,2,16,17] 

NBSZ has been investing in research for many years and has developed a sophisticated set of policies and strategies that define the way the organisation manages its research and uses it to improve its own operations. From 1981 to 1989 NBSZ’s research was primarily funded by around fifty Zimbabwean companies who provided more than USD300,000 annually. External funders  (e.g. NICARE; Kapneck Trust; IBM; governments of UK, Finland, Denmark and France) also provided support for Service projects on training needs, blood product requirements and transfusion-transmitted infections, which led to NBSZ being one of the first services internationally to have a national programme for testing all donated blood for HIV. [7–9] 

Key strengths within NBSZ, which are relevant for conducting international quality research, included experience in non-research funding applications, project management skills and sophisticated training programmes with effectiveness monitoring.  NBSZ’s policies and strategies are similar to those of academic institutions in Africa[1,18,19] and in more well-resourced countries such as UK, Australia and the Netherlands17[20–23] but are focussed more on improving internal operations than on generating research that is relevant internationally. Research that it generated by NBSZ to improve its own internal operations is likely to be relevant for other national blood services and this review revealed that the Service uses mechanisms such as peer-reviewed publications and presentations at international conferences for sharing this information internationally. There are other research models especially in developed countries, which NBSZ and other blood services could also consider. The Canadian Blood Services, [24] through its Centre for Innovation, conducts and supports research in key priority areas. In the United Kingdom the Bristol Institute for Transfusion Sciences is a major part of NHSBT and it brings together research and teaching at International Blood Group Reference Laboratories, the Bristol Blood Centre and the University of Bristol. [25] Similarly in Netherlands and Australia the Blood Service have Research and Development teams. [20,26] Although there are these examples of other models of the organisation transfusion medicine research, we have been unable to find in the literature detailed descriptions about how these models were planned and operate. We were also unable to find any models from Low-Medium Income Countries and it is not clear if those from well-resourced countries would be transferable to a setting with much fewer resources such as Zimbabwe. More publications in this area will stimulate more work and harmonization of research organisation within blood services so that best practice guidelines can be developed and adopted.
The review highlighted several missed opportunities for enhancing research capacity by NBSZ and for maximising the impact of its research at national level within Zimbabwe. In particular there were few formal linkages with local academic institutions and with national policy-makers. There are several mutual benefits in forging closer ties between national blood services and universities including, for academics, access to ‘normal’ datasets and samples archived in the blood services and using blood service staff as course tutors, and for blood services, opportunities for attending research meetings and courses within universities and for jointly applying for research grants with academic partners. In the longer term, consolidating academic links and enhancing research capacity in blood services has the potential to generate income for blood services through successful research applications. This is critical for blood services in resource limited settings since they often have to rely on external donors to supplement internal funds. [27] Published examples of collaborations between blood services and local universities within sub-saharan Africa are scarce but a recent initiative in Australia has demonstrated how joint university-blood service research into long and short term challenges in blood supply has improved operational procedures within the blood service and also contributed to advances in basic science.[28] 

This review is the first stage in NBSZ’s process to systematically identify its research strengths and to address its weaknesses so the true value of the process will only become apparent in several years time when a subsequent evaluation is conducted. However it has provided some clear actions based on evidence collated from multiple perspectives of NBSZ stakeholders and provides a baseline against which to measure progress. NBSZ senior managers have committed to addressing the research capacity gaps and responsibility for implementing the recommendations and for tracking progress has been given to the PIR Department and is reflected in its work plan. 
One limitation of our approach used to review the research capacity with NBSZ is that we are not able to measure the impact of implementing the recommendations, and therefore of assessing whether this was a useful process for bringing about lasting improvements, for several years. However, there is NBSZ commitment to ensure that the longer term impact of the T-REC project and research in general across the Service will be reviewed over the next 1-5 years. The review will include peer reviewed publications by T-REC graduates (PhD[6,29–32] , DPDM [33] and Bursaries) and all the eight thematic areas to follow progress against stated recommendations over time.  The systematic, and evidence-based approach we used was based on one used in African universities and required very little adaptation to apply it to the blood services context using NBSZ as a pilot centre. It is therefore likely that it would be transferable and useful for other national blood services wishing to identify priorities for enhancing their own research capacity. 
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