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Haematopoietic stem cell transplantation (HSCT) is a much-needed service in Tanzania that 
will provide curative therapy for sickle cell disease (SCD), aplastic anaemia and 
haematological malignancies. The experience of countries with limited resources has 
demonstrated that it is possible to set up such a service within similar economic and 
healthcare settings. This article summarises the current progress that has been made 
towards setting up this service and highlights the areas that require on-going work and 
investment to make HSCT a service in Tanzania a reality. 
 
Unmet needs of stem cell transplantation in low to middle income countries 
Haematopoietic stem cell transplantation (HSCT) is the standard of care for patients with 
inherited and acquired haematology disorders. Both autologous and allogeneic stem cell 
transplants take place in HSCT centres worldwide, and are concentrated in high-income 
countries (HIC) due to the significant healthcare resources required. Allogeneic and 
autologous HSCT activity is increasing worldwide with a mean seven percent year-on-year 
increase in the last twenty five years, with increasing demand for HSCT centres in low and 
middle income countries (LMIC) (Niederwieser D 2019) (Baldomero, et al 2019), Das, et al 
(2018), (Ruiz-Delgado and Ruiz-Arguelles 2012). The establishment of a HSCT centre 
requires optimal patient care before, during and after the transplant period, donor care pre-
transplant as well as appropriate laboratory facilities. This may be difficult to achieve in 
LMIC due to inadequate infrastructure, funding and diagnostic services (Bazuaye, et al 
2014, Kulkarni and George 2019).  
 
In this article we describe the current status of HSCT in Tanzania, which does not have a 
HSCT centre. Currently HSCT centres are located only in Nigeria and South Africa (Harif, et 
al 2019), with countries such as Ghana exploring the possibility of setting up centres. If 
patients require a HSCT in Tanzania, they are referred to centres in countries such as India 
and require either personal funding or insurance coverage.  
 
In Tanzania, SCD has been prioritised as one of the medical conditions that can be treated by 
HSCT. SCD is a global health issue, but the impact is most significant in Africa, where over 
80% of the yearly global 305,000 affected births occur (Piel, et al 2013). Allogeneic HSCT 
(allo-HSCT) is a curative option in patients with SCD, with general consensus recommending 
early HSCT in young patients with clinically severe SCD with an HLA-matched donor 
(Angelucci, et al 2014, Bernaudin, et al 2019, Bhatia and Sheth 2015, Eapen, et al 2019). 
Aplastic anaemia is another condition that can be treated with HSCT. An observational study 
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conducted at a teaching hospital in Dar es Salaam reported a high incidence of aplastic 
anaemia, with a mortality rate of 48% (Ally, et al 2019). 85% of patients diagnosed had severe 
or very severe AA, with 80% being diagnosed under the age of 40. The third haematological 
condition that is an indication for HSCT is leukaemia, both acute and chronic forms. Accurate 
estimates on incidence of acute leukaemia is difficult to obtain due many issues, including 
variability in hospital diagnostics and late presentation. However, 2018 estimates from the 
Global Cancer Observatory estimates a yearly incidence of 1898 in Tanzania for 
haematological malignancies, including non-Hodgkin lymphoma, leukaemia, Hodgkin’s 
lymphoma and multiple myeloma (Bray, et al 2018) . This accounts for just under five percent 
of all new cancer diagnoses.  
 
HSCT is a high-risk procedure with a significant associated mortality even in established 
HSCT centres. Causes of transplant related mortality include infection, graft versus host 
disease (GVHD) and end organ toxicity. (Gluckman, et al 2017).  The associated risks mean 
effective pre-, peri- and post- transplant care is needed to ameliorate these risks to the 
patient; therefore in the establishment of a new HSCT centre recognised standards need to 
be met before the first patient can be transplanted. The data described here comes from the 
archives of the Sickle Cell Programme at Muhimbili University of Health and Allied Sciences 
(MUHAS), three specialist hospitals and a systematic PubMed search. Two clinical fellows 
from the UK collated this information during their fellowship at MUHAS in September 2019 
and used information from clinical audit conducted as part of haematology fellowship by a 
Clinical fellow from Tanzania.  
 
Stem cell transplant programmes in Tanzania  
Over the last few years, there has been increasing awareness of the worldwide inequality of 
availability of HSCT. This has led to initiatives by governments, charities and regulatory 
bodies such as the World Health Organisation (WHO) and Joint Accreditation Committee of 
the International Society for Cellular Therapy (JACIE) to try to reduce this (Pasquini, et al 
2019, Snowden, et al 2017). The Worldwide Network for Blood and Marrow 
Transplantation (WBMT) recently published recommendations on the establishment of a 
new transplantation program (Aljurf, et al 2019, Pasquini, et al 2019). As of 2019 one billion 
Africans have HSCT available in only two countries: South Africa and Nigeria. South Africa 
has an established transplant programme and performs around 250 autologous transplants 
and 175 allogeneic transplants per year (Harif, et al 2019). Nigeria established an allogeneic 
HSCT programme in 2011 for SCD and has performed six transplants (Harif, et al 2019).  
 
The Sickle Cell Programme within Muhimbili University of Health and Allied Sciences 
(MUHAS) in Dar-es-Salaam, Tanzania has been developing an agenda to establish HSCT in 
Tanzania since 2016, following a directive from the Ministry of Health. MUHAS is a 
university with a strong history of national and international collaborative research 
projects within haematology and other specialties, with particular experience and expertise 
in SCD.  
 
Issues faced in establishing an HSCT program in Tanzania 
Some key initial requirements to establishing an HSCT programme are hospital-support and 
appropriate leadership for an HSCT programme, developing links with well-established HSCT 
institutions and securing funding. Once these are fulfilled, the next requirement centres 
around personnel training, hospital infrastructure, diagnostic and laboratory services, 
pharmacy and vaccination, stem cell processing, and securing a source of blood products and 
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stem cells (Aljurf, et al 2019, Pasquini, et al 2019). Figure 1 illustrates aspects required to 
establish a HSCT programme. 
 
Training and partnership 
The first aspect is partnership: almost all case studies examining the establishment of a new 
HSCT unit in a LMIC mention the importance of pairing a nascent programme with a well-
established centre elsewhere (Das, et al 2018, Faulkner 2013, Yeh, et al 2018). This can be 
facilitated by having a medical director who is a haematologist, oncologist or immunologist 
with experience in HSCT. Bangladesh established their autologous HSCT centre in Dhaka 
with the support of Massachusetts General Hospital (Yeh, et al 2018). In India, the 
establishment of a HSCT unit in Rajasthan was facilitated by the Cure2Children foundation 
(C2C) which paired the developing Indian HSCT unit with an established Italian hospital 
(Bhatia and Sheth 2015). Expertise in medical, nursing and laboratory personnel are 
essential to the successful establishment of a HSCT service. Achieving this expertise is can 
be facilitated by twinning with a more experienced centre. This allows both effective 
training of staff but also on-going support and advice in running the service, along with 
management of quality standards.  
 
Tanzania has recognised this and has been actively seeking collaborative partners. The C2C 
foundation is an Italian non-governmental organisation that has successfully established 
HSCT centres within hospitals with minimal oncology and chemotherapy background 
through structured collaboration and focused training (Faulkner 2013). MUHAS has 
ongoing educational collaboration with C2C, running educational courses for clinicians in 
Africa. In addition to this, a link has been established with the Université Paris Diderot in 
France, where Tanzanian clinicians have been on short-term training fellowship at the 
Assistance Publique Hopitaux de Paris.  MUHAS has experience in setting up their own 
postgraduate haematology training programme (Makani, et al 2017), and plan to expand 
this by offering transplant fellowships. From a nursing perspective, a curriculum is under 
development and discussions are on-going with partners such as University of Oxford 
regarding establishing a training programme. A strategy has been developed for the 
laboratory outlining development requirements and staff training needs, including HLA 
typing and stem cell collection, processing and storage.  
 
Benjamin William Mpaka Hospital (BMH) in Dodoma, Tanzania has twinned with a 
transplant centre in Monza, Italy. Currently there are clinicians, nursing staff and a medical 
director who have undergone training in HSCT working at BMH. The Aga Khan Hospital 
(AKH) which is part of regional and global health services has collaborated with the Sickle 
Cell programme at MUHAS to establish HSCT services. AKH will draw on its expertise and 
experience from the countries with East Africa (Kenya) as well as countries in Europe 
(France) and North America (Canada). 
 
Financing HSCT services 
It is not surprising that globally HSCT centres are associated with higher GDP per capita, 
government healthcare expenditure and human development index (Gratwohl, et al 2010).  
There are limited data on the cost of setting up a HSCT centre. However, the C2C have 
estimated costs of between 150,000 and 200,000 USD to set up a transplant centre 
(Faulkner, et al 2013). In LMIC, costs vary depending on country and allogeneic or 
autologous transplantation but are between 9,000 and 18,000 USD per transplant (Yeh, et al 
2018). Both governments of Nigeria and Bangladesh funded the establishment of the 
transplant centre and initial transplants. Other countries have relied on a combination of 
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governmental and charitable funding (Faulkner, et al 2013). Multiple strategies have been 
utilised to lower the cost of HSCT in LMICs (Gomez-Almaguer 2002). These include 
strategies that are now also used in HICs, such as increased use of ambulatory care and 
peripheral blood stem cells. In Tanzania, MUHAS aims for the HSCT units to be self-
sustaining financially from research collaborations, private health care, outreach 
programmes as well as education and training. There have been proposals to secure funding 
for the project through international development programmes and financing from the 
private sector e.g. pharmaceutical and laboratory companies. The government of Tanzania 
has made considerable investment in tertiary health services with the opening of a state-of-
the-art hospital, Muhimbili National Hospital (MNH) in Mloganzila, which has the capacity 
to host a HSCT centre. 
 
Identifying donors: stem cells and blood products 
One of the key components in HSCT is strengthening the availability of blood products and 
developing capacity for blood irradiation, stem cell collection, processing and storage. These 
requirements pose significant problems due to their availability and cost. With regard to 
blood products, the Tanzania National Blood Transfusion Service (NBTS) has greatly 
increased its capacity for providing blood products. Furthermore, MNH, BMH and AKH have 
hospital transfusion services: collecting, processing, screening and allocating blood 
products. However, the demand for blood exceeds its supply in both hospitals and the NBTS, 
with the latter estimating that it can meet approximately 30% of requests for blood. This is 
despite having increased annual donations over 14-fold between 2005 to 2014 to 171,300 
donors (Drammeh, et al 2018). NBTS and BMH are expanding their capacity for blood 
component collection and preparation and have procured or an in the process of procuring 
an apheresis facility for stem cell collection and platelet harvesting. 
   
At MUHAS, a programme is under development to establish a stem cell registry for SCD 
patients, related and unrelated donors, initially starting with one thousand patients and 
siblings and one hundred unrelated donors. The aim is to lay the foundations for HSCT, and 
this will also demonstrate to prospective partners the feasibility of HSCT in Tanzania. 
Currently the Sickle Cell Programme has had discussions with the Sunflower Fund and Be 
The Match, both non-profit stem cell registries, regarding the establishment of a stem cell 
registry in Tanzania.  
 
Medicines and Vaccinations: Role of the Pharmacy  
The use of conditioning chemotherapy, immunosuppressant agents, and supportive 
medications during the transplant as well as antimicrobial, antifungal and antiviral agents 
are a necessary part of HSCT. The establishment of a pharmacy capable of supplying as well 
as monitoring these drugs is part of the minimum requirement for establishing the 
transplant centre (Pasquini, et al 2019).  Supply from the private sector and donations 
remain the main sources of chemotherapy (Leak, et al 2020).  
 
Diagnostic services 
Laboratory services required for HSCT include flow cytometry to establish blood 
phenotypes including CD34 counts for stem cell collection, measuring blood levels of 
immunomodulatory drugs (e.g. ciclosporin and tacrolimus), donor/recipient chimerism 
analysis and PCR analysis for viral pathogens. These are all necessary parts of the HSCT 
service, but do not necessarily need to be done within the country. For example, the 
Bangladesh centre outsourced advanced diagnostics to more established laboratories in 
India (Yeh, et al 2018). In Tanzania, the Sickle Cell Programme has established a curriculum 
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for laboratory personnel as well as identifying which tests would take place in Tanzania and 
which could be outsourced. Alternatives to outsourcing include repurposing existing 
laboratory machines to improve diagnostics. This has the advantage of reducing costs and 
test turnaround times, and has been used to improve diagnostic services at the Kilimanjaro 
Christian Medical Centre in Moshi (Leak, et al 2020). In addition to laboratory-based 
diagnostics, availability of radiology services in the transplantation centre (x-ray and CT) is 
also an essential component of the program (Pasquini, et al 2019). 
 
Infrastructure 
HSCTs in HIC have been conducted in isolation rooms with HEPA-filtered air, but are not a 
requirement for HSCT.  Furthermore, these are not currently available in most hospitals in 
LMICs and require a significant financial investment to build and maintain. Dedicated units 
with either HEPA filtration (Nigeria) or regular monitoring of air and water colonies 
(Bangladesh) were constructed in new HSCT centres (Bazuaye et al, 2014, Yeh et al, 2018)  
 
Quality assurance and standards 
Historically, the method of assessment of the standards of a new HSCT centre is through the 
JACIE and EBMT. The European Bone Marrow Working Group established JACIE in 1998. 
The aim was two-fold: to provide a set of agreed quality standards for HSCT and provide 
formal accreditation for HSCT centres with regular inspections. The JACIE standards have 
also been developed in collaboration with Foundation for the Accreditation of Cellular 
Therapy (FACT) in the United States and the same standards apply across all centres 
worldwide. JACIE has performed accreditation inspections of around 40% of transplant 
centres in Europe and other HSCT centres worldwide. Currently almost all JACIE accredited 
centres are situated in HIC. The costs and infrastructure involved in establishing HSCT are 
significant and adding an extra set of quality standards and inspections to the process 
increases complexity and expenditure. JACIE has recognised the need for more HSCT 
centres in LMIC and have therefore developed a stepwise approach to HSCT accreditation 
for centres in this position. They have prioritised certain standards to try to reduce the high 
cost involved, aiming for HSCT centres in LMICs to build on these standards once 
established, and also makes entry-level accreditation for LMIC more attainable (Snowden, et 
al 2017). Another organisation ensuring HSCT quality standards, WBMT, also have a similar 
step-wise approach for accreditation that facilitates development in LMICs (Hashmi, et al 
2017). 
 
Moving forward 
The programme to achieve stem cell transplantation in Tanzania has made substantial 
progress since inception in 2016. Given that transplantation is a goal of several centres 
across the country, consolidation of efforts to form a national collaborative effort is key to 
accelerate progress. This has been recognised by the Sickle Cell Programme at MUHAS with 
inter-hospital discussions about locations most suited to a HSCT centre. Moving forward, 
governmental policy to direct the formation of a national taskforce that includes 
representatives from governmental healthcare policy makers, hospitals, universities and 
Tanzanian NBTS. This allows a united approach and will reduce duplication of efforts. 
Division of responsibilities within the taskforce creates accountability and allow 
representatives to focus on areas in which they have a specialty interest. There should be 
identification of one or two centree to focus on with the aim of expanding access throughout 
the country and disseminating training in other hospitals once the centre has been 
successfully established. Co-operation between different centres may enable a more unified 
approach to securing national and international funding. Recent experience in establishing 
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HSCT centres in Saudi Arabia demonstrates benefit in collaboration, with reduction in 
overall cost and project duration (Al-Hashmi, et al 2020). 
Many of the factors described currently faced by Tanzania which limit establishment of 
HSCT services are similar to those faced in other LMIC. Therefore, the strategy for 
developing a HSCT centre in Tanzania could be used as a model for other countries. The 
WBMT has outlined practical requirements for establishing a HSCT centre: attempts at 
practically using their guidance is essential to highlight potential roadblocks for other 
countries adopting a similar blueprint. 
 
The international HSCT community has a responsibility to promote and develop centres 
within LMIC. This has been started with guidance from WBMT and JACIE towards 
developing HSCT centres, however more practical assistance with funding and twinning 
would help drive progress forward through into the next stage.  
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