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1.1 baCKGRoUnD

Whilst blood transfusion is now an integral part of medical practice there remains 
inherent risks associated with it.1–10 The World Health Organization recognizes the 
threats presented by transfusion transmitted infections (TTIs) and recommends 
universal testing of all donated blood for viral TTIs, human immunodeficiency virus 
(HIV), hepatitis B virus (HBV), and hepatitis C (HCV).11 It is also recommended by 
World Health Organization that other TTIs tests could be introduced based on 
the epidemiological context and emerging diseases agents for different blood 
services.3,11

Several blood services implement various blood safety strategies1,7,9,12–20 and 
World Health Organization helps to highlight the success and challenges of these 
through published reports from regular surveys on Global Database on Blood 
Safety programme.21 The Global Database on Blood Safety reports highlight the 
disparities between different countries on their blood safety achievements. It is 
important to note that not all blood services have managed to comply with the 
World Health Organization recommendations on testing of all donated blood.21 
There is also a variation on the testing technologies and approaches that are used 
and these range from no testing at all, rapid diagnostic test, enzyme-linked immu-
nosorbent assay based tests, and nucleic acid testing (NAT) technologies.21 These 
varying testing technologies present window period risk to transfused patients and 
this remains a major challenge for blood services.22 There is also growing number 
of pathogen reduction technologies that are being introduced by blood transfusion 
centres throughout the world.16,23 All these TTIs risk management and modelling 
in transfusion medicine need to be fully appreciated and B. Custer gave a compre-
hensive review of the methods, strengths and limitation of such risk modelling in 
blood safety.24

The need to optimise blood safety remains a central theme within transfusion 
medicine but this comes with related costs, as health budget is not infinite.23,25–29 
The need to balance safety and cost take a central stage in transfusion medicine.30 
This has broadened the scope and complexity of making evidence based decision 
making for blood safety. This debate has resulted in the initiatives of establishing 
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and promoting risk-based decision-making in blood safety.30–33 These continual 
blood safety and costs considerations becomes even complicated for blood services 
in resource constrained settings which are often characterised by high diseases 
burden of these TTIs, inadequate blood supply, limited resources, and conflicts 
which compromise blood provision.34–43

Risk modelling in blood safety

Risk modelling is defined as a set of techniques that can be used to inform and 
support decision-making at all levels in transfusion medicine as there is need to 
quantify and contrast risks and benefits.24 This informs policy development and 
intervention decision-making. There are various types of questions that can be 
answered through risk modelling including the identification of effective strategies 
for risk management. Despite risk mitigation strategies that may be introduced 
it should be appreciated that zero risk is an unattainable goal.26,27,44 It is common 
practice to combine these analyses with economic information to assess the feasi-
bility of risk interventions based on budgetary constraints.

The concept of risk modelling in blood safety gained momentum following 
the publication in 1996 by Schreiber and co-workers8 on the risk of transfusion 
transmitted viral infections. They developed an algorithm of quantifying this risk 
based on the incidence and window period of the testing technologies. These and 
the variations of the model are generally classified as incidence-window period 
risk assessment model.10,22,45 Accurate estimates of the residual risk is essential for 
monitoring the safety of the blood supply and evaluating the potential effect of 
new blood safety interventions. The five blood centres studied in paper resulted 
in the reported overall viral TTIs estimated residual risk (the probability that a do-
nated unit is infectious but was donated in the antibody-negative window before 
seroconversion) of 29.12 per million units for the four viral markers combined. This 
is a high indication of blood safety in the United States. They also analysed and 
concluded that introducing techniques of screening would substantially reduce the 
residual risk of transmitting infectious diseases by transfusion. These are practical 
application aspects of risk modelling, which will enable evidence-based decision to 
be made in the quest to optimise blood safety. This is imperative given the demands 
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and expectation that blood services worldwide faces in deciding whether to add 
new test and it is instructive to determine the yield and cost-effectiveness about 
such proposed implementation given the many demands on health care resources. 
There is a growing attention of risk modelling for blood safety in developing 
countries in the sub-Saharan Africa. Lefrère and co-workers46 in their multinational 
collaborative study involving five countries in sub-Saharan Africa (Burkina Faso, 
Congo, Ivory Coast and Senegal) provided an overall HIV residual risk estimate of 
1: 29,000 donations (95% CI 28,000; 14,000). They also indicated that for each 
country it is important to have the residual risk estimates for HIV as it helps to as-
sess the impact of preventive strategies as well as inform decision-making process 
to enhance blood safety. In a related study involving 45 sub-Saharan countries by 
Jayaraman and colleagues7 they reported that in the sub-Saharan Africa the overall 
risk of acquiring HIV through blood transfusion is 1:1000 donations which is quite 
higher than that reported by Lefrère and co-workers and they postulated a number 
of contributing factors to this disparity. It is therefore important for blood services 
in the sub-Saharan Africa to publish their national TTIs residual risk estimates and 
our studies on Zimbabwe47,48 presented in this thesis provide information to fill 
these literature gaps. The sub-Saharan countries disparities in transfusion residual 
risk estimation efforts is quite apparent as in countries such as South Africa, the 
residual risk studies have been ongoing for a period of time and several publica-
tions are available.5,49

One of the current challenges in risk modelling is the need for proactive assess-
ment of risk posed to the domestic blood supplies by travelling donors. Trends in 
globalization have brought increased blood safety concerns as population mem-
bers (and therefore also blood donors) have become highly mobile. This presents 
challenges for blood safety when travellers go to areas in which there is ongoing 
transmission of infectious diseases (either endemic or epidemic) and import in-
fections to their home countries. Blood safety concerns for emerging infectious 
diseases are identified and documented extensively in the literature.50–53 Currently 
available travellers’ risk models focus mainly on the probability of travellers acquir-
ing an infection when visiting high-risk areas,54–56 but do not link this information 
directly to its implications for the risk of transmission by (blood) donors.
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Several blood establishments have travel risk policies for donors who report 
having visited emerging infectious diseases risk areas.51,53,55,57–60 Variation in exist-
ing policies may be an indication of the absence a common understanding and 
perception of the blood safety risk posed by travellers in their respective home 
countries. The EUFRAT (European Up-Front Risk Assessment Tool) project51 de-
veloped and launched an online risk assessment tool12 to help decision-makers 
assess the emerging infectious diseases risk in order to guide informed decisions 
concerning an appropriate course of action. The current tool, however, offers only 
limited opportunities for extensively analysing the transfusion transmission risk 
from travelling donors.

Cost effectiveness analysis of blood safety

Nucleic acid testing of donated blood is widely recognized as an essential activity 
required for improving the safety of the blood supply. However, it has been associ-
ated with low returns at high costs resulting in unfavourable cost-effectiveness ra-
tios in most developed countries where economic evaluations were performed.61–65 
Outcomes of economic evaluations of NAT are dependent on factors such as the 
incidence of infections in the donor population, donor deferral and follow-up 
practices and the demographic characteristics of blood transfusion recipients. In 
developed countries, the incidence of TTIs is relatively low,66–69 active deferral and 
follow-up mechanisms are in place, with a higher proportion of the transfusion 
recipients being older.70–72 These factors may limit the benefits of NAT screening in 
such countries. However, in sub-Saharan Africa, the risks of TTIs are relatively high 
and transfusion recipients are much younger.73–76 This subsequently enhances the 
benefits of introducing NAT in these settings.

Building research capacity in blood services

Blood services like other health system services need to undertake research to 
improve the effectiveness of their operations and to contribute evidence for im-
proving policies, nationally and internationally.77–80 Sadly, sub-Saharan Africa is still 
depending on evidence predominantly generated from developed settings. It has 
been noted81 that there is lack of research capacity in African blood services. This 
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limitation negatively affects the conduct of blood services research that meets in-
ternational standards in sub-Saharan Africa to address their local problems. There 
is an urgent need for development of this research capacity at blood services level 
in developing countries to allow local scientific evidence to be generated that will 
aptly inform indigenous polies and practices in transfusion medicine. This cannot 
be achieved unless there is a comprehensive framework available for sub-Saharan 
African blood services to assess their research capacity. The building of research 
capacity in African blood services would allow further research work in various 
research priority areas to be pursued.

1.2 obJeCTIVes anD THesIs oUTlIne

The Africa Society for Blood Transfusion Research Priorities81 developed in 2008 in 
Mombasa, Kenya (Appendix A1) identifies several research priority areas were the 
application of risk modelling would help to answer some of the problems affecting 
blood transfusion services in Africa (Appendix A2 – A3). One of the key challenges 
identified was the absence of local blood service researchers meeting international 
standards. To address this challenge, an international research consortium was 
established with the aim of building the research capacity for blood transfusion 
services in Africa (T-REC project from 2011 to 2015, with funding from the European 
Union Seventh Framework Programme (FP7/2007-2013) under Grant Agreement 
266194).82,83 In the T-REC project, 4 PhD fellowships in Zimbabwe and Ghana as 
pilot sites were supported to address some of the research priority areas in the 
African blood services.

One of the main challenges in resource-limited settings is to have a defined risk 
assessment that stretches from donor selection from a general population until the 
blood is transfused to patients. Firstly, it is important to understand the general 
population TTIs risk and dynamics as blood donors are recruited from this general 
population pool. Due to high HIV burden in Zimbabwe, general population based 
studies are routinely conducted to get generalized HIV estimates in the population. 
This general population data is critical for improving blood transfusion safety as it 
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assists in the identifying of low-risk populations and targets these for blood donor 
selection and recruitment. We compared within-gender HIV changes between 
Zimbabwe Demographic and Health surveys in 2005-6 and 2010-11. The aim was 
to identify the magnitude and factors associated with this change, which can be 
masked. This is critical for targeting interventions such as blood safety programme 
(Chapter 2). 84 We further compared the HIV changes in the general and blood do-
nor populations to assess the patterns and magnitude of these changes within the 
two populations separately for males and females. Our objective was to develop 
a donor management factor that would allow the utilization of both populations’ 
data to identify of low-risk populations and targets these for blood donor selection 
and recruitment (appendix a3, abstract 9).

Once the TTIs dynamics and relationships in the general and blood donor 
populations are established it is important to track the actual TTIs magnitudes 
from the selected and recruited blood donors and its impact on blood safety. Our 
subsequent aim was to monitor the HIV prevalence, incidence and residual risk es-
timates among blood donors and assess its impact in the blood safety programme 
in Zimbabwe. The National Blood Service Zimbabwe HIV risk management strategy 
includes screening and discarding of first-time donations, which are collected in 
blood packs without an anticoagulant (dry pack). We aimed to evaluate the impact 
of discarding first-time donations in Zimbabwe on blood safety by comparing the 
HIV prevalence, incidences and residual risks in first-time and repeat donations. 
This will helps to inform the basis for continued or alternative blood safety strate-
gies that the National Blood Service Zimbabwe will use to ensure and safeguard 
the sustainability, adequacy and safety of blood and blood products supply in the 
country. The results of our work on this are presented in Chapter 3.47

Despite measures taken, such as attracting safe donors and testing, there is 
still a risk of TTIs. The quantification of this residual risk is critical to safeguard the 
safety of blood supplies in a blood services settings. To achieve this, various models 
for estimating the residual risk of transmission of infections by blood transfusion 
have been published, however these are mainly based on data from high-income 
countries.1,6,8,10,45,46,85,86 It has been noted that to obtain the data required for such 
an assessment remains challenging for most developing settings. The National 
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Blood Service Zimbabwe adapted a published incidence-window period risk model, 
which has less demanding data requirements. We aimed to assess the impact of 
various definitions of blood donor sub-populations and models on residual risk 
estimates by comparing the outcomes of two published models and an adapted 
National Blood Service Zimbabwe model as presented in Chapter 4.48 We present 
based on application of these three models refined residual risk estimates for HIV 
as well as first published HBV and HCV residual risk estimates for Zimbabwe.

There is growing need for blood services in both developed and developing to 
proactively protect their blood supplies from emerging infectious diseases posed 
by travelling donors. The current gap equally affects both countries in resource 
constrained and high-income settings hence our aim was to extend the EUFRAT 
(European Up-Front Risk Assessment Tool) to characterise and model the risk of 
disease transmission from travelling donors to blood safety. We aimed to develop 
generic formulas for calculating the risk of transmission taking into account trans-
fusions that have already occurred by the time of observation (past transmissions), 
and the projected (future) transmissions from travelling donors. Our novel ap-
proach to estimate the risk of infection transmission by travelling donors is given 
in Chapter 5.87

In order to further optimise the blood safety, interventions such as NAT are an 
option but these come at an additional cost. We aimed to assess the cost-effec-
tiveness of the introduction of NAT in addition to serologic testing in Zimbabwe 
to further improve blood safety. Despite being planned, the funding for the NAT 
introduction is not yet available and the additional costs will add to the present 
burden for hospitals and patients hence the need to provide cost implications for 
the introduction this intervention. We implemented a study aimed at evaluating 
the cost-effectiveness of adding individual donation NAT to antibody and antigen 
screening currently in place in Zimbabwe. We also aimed to analyze the cost-
effectiveness of the current routine antibody and antigen screening, compared to 
a hypothetical strategy of no screening of blood donations in Zimbabwe. The cost 
effectiveness analysis of introduction of NAT for HIV, HBV and HCV in Zimbabwe is 
presented in Chapter 6.
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For blood services in developing countries to conduct appropriate research 
work that meet international standards there is need to have a systematic way of 
assessing their research capacity. This will allow blood services to develop a sus-
tainable research programme that can facilitate research programmes as the one 
that facilitated the production of this thesis. To this end, our aim was to develop a 
generic and systematic approach to assess the research capacity of blood services 
as presented in Chapter 7. The idea was to use National Blood Service Zimbabwe 
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.

In Chapter 8 we discuss the implications of our results, future prospects and 
focus discussion on the optimisation of blood safety through consideration and 
application of risk-based decision-making framework.

In the appendix we share additional related work published and presented at 
various international scientific conferences and congress to further support the 
discussion and future prospects. In appendix a2 a project report on Comparison of 
blood services and clinical transfusion practices in Zimbabwe and The Netherlands: 
What are the key lessons? is shared. In appendix a3, selected abstracts that were 
presented as oral and poster abstracts are shown which helps to contextualise the 
proposed future prospects.
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