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Summary

Despite blood transfusion now being an integral part of medical practice there re-
mains inherent risks associated with it. 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). Understanding the TTIs risk 
flow (general population – blood donation and processing – patients) and quan-
tifying this risk in a blood transfusion chain is important in informing appropriate 
and cost effective risk management strategies interventions. All blood services are 
presented with this inherent risk and there has been varied response to this risk 
threats globally. In developing setting, the risk modelling has been employed for 
a long time and this has contributed substantially to the blood safety level gains 
(approximately 1: million) for most blood services in these settings. In sub Saharan 
Africa where there is high burden of TTIs the response has been minimal and char-
acterised with limited budgetary support, which partially explains the high residual 
risk being reported (approximately 1:1000). This thesis examined the application 
of risk modelling in a developing setting as presented in various chapters. The 
research questions explored on this thesis were:
• How general and blood donor populations TTIs data can be jointly used to 

safeguard blood supply and monitoring dynamics of the infections?
• What is the residual risk of TTIs in Zimbabwe? What are the appropriate models 

to use in resource-limited settings?
• Can a model be developed to assess the risk of transfusion posed by travelling 

blood donors?
• What is the cost-effectiveness of adding NAT to serologic test in a resource 

limited setting with high burden of the TTIs?
• How can blood services in resource-constrained settings assess their research 

capacity for enhanced evidence based blood safety interventions?
• How risk-based decision-making for blood safety can be promoted in resource 

limited settings?
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HIV IN THE GENERAL AND BLOOD DONOR POPULATIONS: 
blooD safeTy IMPlICaTIons

In Chapter 2, we investigated the within-gender changes in HIV prevalence among 
adults between 2005/6 and 2010/11 in Zimbabwe Demographic and Health Sur-
veys (ZDHS, general population). It was noted that there were similar significant 
proportional declines in prevalence at national level for males (15%, p=0.011) and 
females (16%, p=0.008). However, there were variations in decline by provincial set-
ting, age, educational level and some sexual risk behaviours. In order to assess this 
heterogeneity’s effect on the blood safety programme, blood donor data analysis 
over the same study periods (2002-2006; 2007-2011) was conducted and changes 
and patterns were examined and compared with ZDHS results. The results indicate 
that although there were similar proportional declines in ZDHS HIV prevalence at 
national level for males and females in the overall blood donors there was a 4% in-
crease in females (p=0.376) and no change in males (0%; p=0.929). Sub-analysis for 
new blood donors showed increases of 10% in females (p=0.09) and 3% in males 
(p=0.573). In repeat blood donors there was no change in females (0%; p=0.907) 
and a decline of 3% in males (p=0.645). There were disparities in changes and pat-
terns by provincial setting and age groups as have been observed in general popu-
lation. The donor management factor (DMF; a ratio obtained by dividing the HIV 
prevalence in general population by donor population HIV prevalence) decreased 
over the two periods in males from 28 (14.5/0.51) to 24 (12.3/0.51) and females 
from 29 (21.1/0.72) to 24 (17.7/0.75). These results provide insights on how NBSZ 
can use these results to strengthen the blood safety programme and lobby for 
more support given the increased challenges of accessing safer blood donations 
as shown by an averaged 15% decrease of DMF in both males and females. Our 
findings points to the need for blood services to constantly undertake or partici-
pate in (sub) population based studies on current and emerging TTIs as this will 
help in optimising blood safety programmes. The within gender HIV changes noted 
are useful for designing a responsive and sustainable blood service programme 
that responds to the epidemiological dynamics within the general population. Our 
study was constrained as it focussed on HIV due to non-availability of data on HBV 
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and HCV at population level and this should be prioritized in future studies. This 
will help especially in the monitoring of HBV burden in donated blood as currently 
this is presenting challenges in Zimbabwe and other SSA settings. The DMF ratio 
will also need to be applied to different settings and assess its utility as a global tool 
for assessing donor management by blood services. 

RIsK ManaGeMenT of TTIs

In Chapter 3, the NBSZ HIV risk management strategy findings were presented. 
Over the nine years included (2002-2010), the overall HIV prevalence estimates 
were 1.29% and 0.42% for first-time and repeat donations, respectively. The over-
all relative risk was 3.1 (95% CI, 2.9 - 3.3, p < 0.0001). The overall mean residual 
transmission risk of HIV window phase donations in first-time was 1:7384 (range, 
1:11,308–1:5356) and in repeat donors 1:5496 (range, 1: 9943–1: 3347). The 
results indicate that for HIV prevalence the strategy is sufficiently working as the 
HIV relative risk was about three times in first time donations compared to repeat 
usable donations. However, the residual risk estimates in both first-time and repeat 
were comparable and as have been observed in some studies elsewhere and this 
suggest the need for a cost-effectiveness analysis of the blood donor risk manage-
ment strategies. It has also been argued that the NBSZ can consider collecting only 
test tube in situations of perceived higher risk donation.  However, this paradigm 
shift would require public and donor education so that the NBSZ does not risk 
being used as a testing centre thereby eventually compromising blood safety. The 
current risk management model is Zimbabwe is primarily based on the HIV and 
there is need to have an integrated risk model that takes into account other TTIs. 

RIsK MoDellInG of TTIs

In Chapter 4, we presented results of the impact of various definitions of blood 
donor sub-populations and three models on residual risk estimates in Zimbabwe. 
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The applied models are the Schreiber incidence window period model (Model 1) , 
an amended version (Model 2) and an adapted NBSZ model (Model 3). The annual 
(2002-2011) average residual risk estimates for Models 1 through 3 were 1 in 6542, 
5805 and 6418 respectively for HIV; 1 in 1978, 2027 and 1628 for HBV; and 1 in 
9588; 15,126 and 7750 for HCV. The three models provided comparable residual 
risk estimates. This process allowed us to determine appropriate residual risk es-
timates for HIV, HBV and HCV that will be utilised to inform blood safety decision-
making process in Zimbabwe. The approach we used can be utilised in comparable 
settings so that the generalizability of this approach can be made. Currently there 
is no consensus among blood health authorities on the risk categorisation process 
and this should be tackled in future studies. 

In Chapter 5, a generic model for estimating the transfusion transmission risk 
from a stream of travelling donors that visited an EID risk area was presented. 
The model use only a few basic parameters related to the outbreak, the infectious 
disease, and the travelling donor population for the estimation of the transmission 
risk from travelling donors. The model distinguishes projected future transmissions 
from those that have already occurred. As an illustration the model was applied to 
the previously analysed and published outbreaks of chikungunya in Italy in 2007 
and Q fever in the Netherlands in 2007-2009. For the chikungunya outbreak in 
Italy, an early intervention (at the end of week 7 after the start of the outbreak, so 
after only 19% of all cases) would have been required to prevent only 41% of all 
expected transmissions at that time. For Q fever, with the transmission of chronic 
disease explicitly considered, even at the end of the third annual outbreak’s peak, 
47% of all (chronic) Q fever transmissions could still be prevented. 

IMPLICATIONS OF RISK MODELLING TO PATIENTS (COST 
EFFECTIVENESS) AND BLOOD SERVICES (RESEARCH CAPACITY) 

In Chapter 6, the cost-effectiveness analysis results of ID-NAT introduction in 
addition to the serologic test in Zimbabwe was presented. The study indicated 
that the introduction of ID-NAT in addition to serologic tests would lower HBV, 
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HCV and HIV transmission risks from 80.5, 6.6 and 8.2 to 46.9, 0.3 and 2.7 per 
100,000 donations, respectively. Compared to serologic screening, ID-NAT would 
prevent additional 25, 6 and 9 HBV, HCV and HIV transfusion transmitted infections 
(TTIs) per 100,000 donations, respectively. The introduction of this intervention 
would save an estimated 212 quality-adjusted life years (QALYs). The incremental 
cost-effectiveness ratio was estimated at US$17,774/QALY, a value far more than 
three times the GNI per capita for Zimbabwe (US$936) as per the “World Health 
Organization CHOosing Interventions, which are Cost-Effective” (WHO CHOICE) 
guideline. We noted challenges of the applicability of this threshold in settings such 
as Zimbabwe where the GNI may be severely compromised. Focus should be made 
to undertake further investigations on this area.

In Chapter 7, a systematic and structured process was presented to evaluate 
the research capacity of blood services in SSA, which was piloted within NBSZ.  The 
developed research capacity review framework is based on eight thematic areas, 
which are (1) research strategies and policies, (2) institutional support services 
and infrastructure, (3) supporting funding applications, (4) project management 
and control, (5) research careers and promotions, (6) development of skills and 
knowledge for research, (7) external promotion of research, and (8) national re-
search uptake. Semi-structured interviews were conducted with 85 NBSZ internal 
and external stakeholders. Synthesis of information from the multiperspective 
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 un-
dertaking 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. There is now a need for this tool to be applied 
further in other settings to assess its usefulness and transferability. This systematic 
framework would enable blood services in SSA to assess their research capacity. 
This is critical, as this will facilitate blood services to be able to generate their own 
evidence that would inform local blood safety policies formulation and practice. 
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ConClUsIon

In conclusion, this thesis has demonstrated that the risk modelling process can be 
equally and gainfully applied in SSA and this momentum needs be maintained. The 
TTIs (HIV) changes and patterns linkages have been established from general to 
blood donor populations. The use of DMF as a risk assessment and management 
ratio for blood safety has been demonstrated and can be potentially transferred 
to other settings. The TTIs (HIV, HBV, and HCV) residual risk estimates for Zimba-
bwe were determined and used to assess the blood safety implications, as these 
were generally low risk though there was demonstrated high HBV burden, which 
requires further attention. Applicable residual risk models and impact of blood 
donor subpopulations on residual risk estimates for SSA were assessed and it was 
demonstrated that SSA adapted models performed comparatively well with other 
published models. These viral TTIs residual risk estimates needs to be further moni-
tored and compared across sub-Saharan Africa based on comparable data sets and 
similar models applications. The travellers’ risk model we developed can be applied 
globally, including sub-Saharan Africa. However, there is need to have this model 
applied prospectively in realtime emerging infections diseases outbreaks in sub-
Saharan Africa and other settings. This will enable further review and validation 
of the model. The review and validation outcomes will be used to inform further 
refinements of the travellers’ risk model. The cost-effectiveness analysis of ID-NAT 
introduction in addition to serologic testing in Zimbabwe was presented. Although 
our findings indicated that it was not cost-effective to implement ID-NAT there is 
need for comparative studies across sub-Saharan African blood services involving 
current (implementing) and prospective centres on NAT technology implementa-
tion. This will allow an assessment and applicability of the current thresholds for 
cost-effectiveness of health interventions for the sub-Saharan Africa as questioned 
in our study. A systematic and structured process was developed on how blood 
services in sub-Saharan Africa can review their research capacity. This will allow 
the sub-Saharan blood services to conduct research activities that meet interna-
tional standards and inform their local health policies and practices. Currently, 
they are predominantly relying on evidence generated from developed settings. 
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The application of this research capacity assessment tool needs to be applied in 
other blood services in sub-Saharan Africa. This will allow the sub-Saharan African 
blood services to build their own critical mass of transfusion medicine researchers 
meeting international standards. These sub-Saharan African researchers pool will 
be able to further contribute in addressing the sub-Saharan Africa research priority 
areas as initiated in this thesis. 
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