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1
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.



21

General introduction and outline of the thesis

1
RefeRenCes
 1. Seed CR, Cheng A, Ismay SL, Bolton 

WV, Kiely P, Cobain TJ, et al. Assess-
ing the accuracy of three viral risk 
models in predicting the outcome 
of implementing HIV and HCV NAT 
donor screening in Australia and 
the implications for future HBV NAT. 
Transfusion. 2002 Oct;42(10):1365–
72.

 2. Otsubo H, Yamaguchi K. Current risks 
in blood transfusion in Japan. Jpn J 
Infect Dis. 2008 Nov;61(6):427–33.

 3. Stramer SL. Current perspectives in 
transfusion-transmitted infectious 
diseases: emerging and re-emerging 
infections. ISBT Sci Ser. 2014;9(1):30–
6.

 4. Spada C, Souza MA, Treitinger A. 
Estimation of the residual risk for 
the transmission of HIV in blood 
donors from the mountain region 
of Santa Catarina. Braz J Infect Dis 
Off Publ Braz Soc Infect Dis. 2005 
Dec;9(6):489–93.

 5. Vermeulen M, Lelie N, Sykes W, 
Crookes R, Swanevelder J, Gaggia L, 
et al. Impact of individual-donation 
nucleic acid testing on risk of 
human immunodeficiency virus, 
hepatitis B virus, and hepatitis C virus 
transmission by blood transfusion 
in South Africa. Transfusion. 2009 
Jun;49(6):1115–25.

 6. Glynn SA, Kleinman SH, Wright DJ, 
Busch MP, NHLBI Retrovirus Epide-
miology Donor Study. International 
application of the incidence rate/
window period model. Transfusion. 
2002 Aug;42(8):966–72.

 7. Jayaraman S, Chalabi Z, Perel P, 
Guerriero C, Roberts I. The risk of 
transfusion-transmitted infections 
in sub-Saharan Africa. Transfusion. 
2010 Feb;50(2):433–42.

 8. Schreiber GB, Busch MP, Klein-
man SH, Korelitz JJ. The risk of 

transfusion-transmitted viral infec-
tions. The Retrovirus Epidemiology 
Donor Study. N Engl J Med. 1996 Jun 
27;334(26):1685–90.

 9. Al Shaer L, AbdulRahman M, John TJ, 
AlHashimi A. Trends in prevalence, 
incidence, and residual risk of ma-
jor transfusion-transmissible viral 
infections in United Arab Emirates 
blood donors: impact of individual-
donation nucleic acid testing, 2004 
through 2009. Transfusion . 2012 Nov 
1;52(11):2300–9.

 10. van Hulst M, Hubben GAA, Sa-
goe KWC, Promwong C, Permpikul P, 
Fongsatitkul L, et al. Web interface-
supported transmission risk assess-
ment and cost-effectiveness analysis 
of postdonation screening: a global 
model applied to Ghana, Thailand, 
and the Netherlands. Transfusion. 
2009 Dec;49(12):2729–42.

 11. World Health Organisation. WHO | 
Screening donated blood for transfu-
sion [Internet]. WHO. [cited 2015 
Nov 21]. Available from: http://www.
who.int/bloodsafety/publications/
bts_screendondbloodtransf/en/

 12. Sawanpanyalert P, Yanai H, Kitsuwan-
nakul S, Nelson KE. An estimate of the 
number of human immunodeficiency 
virus (HIV)-positive blood donations 
by HIV-seronegative donors in a 
northern Thailand HIV epicenter. J 
Infect Dis. 1996 Oct;174(4):870–3.

 13. O’Brien SF, Yi Q-L, Fan W, Scalia V, 
Kleinman SH, Vamvakas EC. Current 
incidence and estimated residual 
risk of transfusion-transmitted infec-
tions in donations made to Canadian 
Blood Services. Transfusion. 2007 
Feb;47(2):316–25.

 14. Moore A, Herrera G, Nyamongo J, 
Lackritz E, Granade T, Nahlen B, et al. 
Estimated risk of HIV transmission by 
blood transfusion in Kenya. Lancet. 
2001 Aug 25;358(9282):657–60.



Chapter 1

22

 15. Hourfar MK, Jork C, Schottstedt V, 
Weber-Schehl M, Brixner V, Busch 
MP, et al. Experience of German 
Red Cross blood donor services 
with nucleic acid testing: results of 
screening more than 30 million blood 
donations for human immunodefi-
ciency virus-1, hepatitis C virus, and 
hepatitis B virus. Transfusion. 2008 
Aug;48(8):1558–66.

 16. AuBuchon JP. Pathogen reduction 
technologies: what are the concerns? 
Vox Sang. 2004;87:84–9.

 17. Savarit D, De Cock KM, Schutz R, 
Konate S, Lackritz E, Bondurand A. 
Risk of HIV infection from transfusion 
with blood negative for HIV antibody 
in a west African city. BMJ. 1992 Aug 
29;305(6852):498–502.

 18. Oei W, Kretzschmar MEE, Zaaijer HL, 
Coutinho R, van der Poel CL, Janssen 
MP. Estimating the transfusion trans-
mission risk of Q fever. Transfusion. 
2014 Jul;54(7):1705–11.

 19. Oei W, Janssen MP, van der Poel 
CL, van Steenbergen JE, Rehmet 
S, Kretzschmar MEE. Modeling 
the transmission risk of emerging 
infectious diseases through blood 
transfusion. Transfusion . 2013 
Jul;53(7):1421–8.

 20. Slot E, Janssen MP, Marijt-van der 
Kreek T, Zaaijer HL, van de Laar TJ. 
Two decades of risk factors and 
transfusion-transmissible infections 
in Dutch blood donors. Transfusion. 
2015 Sep 9;

 21. World Health Organisation. WHO 
| Global database on blood safety 
[Internet]. WHO. [cited 2015 Nov 21]. 
Available from: http://www.who.int/
bloodsafety/global_database/en/

 22. Dodd RY. Transfusion-transmitted in-
fections: testing strategies and resid-
ual risk. ISBT Sci Ser. 2014;9(1):1–5.

 23. Janssen MP, van der Poel CL, Buskens 
E, Bonneux L, Bonsel GJ, van Hout 
BA. Costs and benefits of bacterial 

culturing and pathogen reduction in 
the Netherlands. Transfusion. 2006 
Jun;46(6):956–65.

 24. Custer B. Risk modelling in blood 
safety – review of methods, strengths 
and limitations. ISBT Sci Ser. 2010 Jul 
1;5(n1):294–9.

 25. Borkent-Raven BA, Janssen MP, van 
der Poel CL, Bonsel GJ, van Hout BA. 
Cost-effectiveness of additional blood 
screening tests in the Netherlands. 
Transfusion. 2012 Mar;52(3):478–88.

 26. Custer B, Janssen MP, Alliance of 
Blood Operators Risk-Based Decision-
Making (RBDM) Initiative. Health 
economics and outcomes methods 
in risk-based decision-making for 
blood safety. Transfusion. 2015 
Aug;55(8):2039–47.

 27. Menitove JE, Leach Bennett J, To-
masulo P, Katz LM. How safe is safe 
enough, who decides and how? From 
a zero-risk paradigm to risk-based 
decision making. Transfusion . 2014 
Mar;54(3 Pt 2):753–7.

 28. van Hulst M, Sagoe KWC, Vermande 
JE, van der Schaaf IP, van der Tuuk 
Adriani WPA, Torpey K, et al. Cost-
effectiveness of HIV screening of 
blood donations in Accra (Ghana). 
Value Health J Int Soc Pharmaco-
economics Outcomes Res. 2008 
Oct;11(5):809–19.

 29. van Hulst M, Hubben GAA, Sa-
goe KWC, Promwong C, Permpikul P, 
Fongsatitkul L, et al. Web interface-
supported transmission risk assess-
ment and cost-effectiveness analysis 
of postdonation screening: a global 
model applied to Ghana, Thailand, 
and the Netherlands. Transfusion. 
2009 Dec;49(12):2729–42.

 30. Watkins NA, Dobra S, Bennett P, 
Cairns J, Turner ML. The Manage-
ment of Blood Safety in the Presence 
of Uncertain Risk: A United Kingdom 
Perspective. Transfus Med Rev. 2012 
Jul;26(3):238–51.



23

General introduction and outline of the thesis

1
 31. Alliance of Blood Operators | Risk 

Based Decision Making [Internet]. 
[cited 2015 Nov 21]. Available from: 
https://allianceofbloodoperators.
org /abo-resources/r i sk-based-
decision-making/rbdm-framework.
aspx

 32. Proceedings of a Consensus Confer-
ence: Risk-Based Decision Making for 
Blood Safety [Internet]. [cited 2015 
Nov 21]. Available from: http://www.
sciencedirect.com/science/article/
pii/S0887796311000484

 33. Risk-based decision-making for 
blood safety: preliminary report of a 
consensus conference - Stein - 2011 
- Vox Sanguinis - Wiley Online Library 
[Internet]. [cited 2015 Nov 21]. Avail-
able from: http://onlinelibrary.wiley.
com.proxy-ub.rug.nl/doi/10.1111/
j.1423-0410.2011.01526.x/full

 34. Bloch EM, Vermeulen M, Murphy E. 
Blood transfusion safety in Africa: a 
literature review of infectious disease 
and organizational challenges. Trans-
fus Med Rev. 2012 Apr;26(2):164–80.

 35. Seguy N, Hladik W, Munyisia E, 
Bolu O, Marum LH, Diaz T. Can data 
from programs for the prevention 
of mother-to-child transmission of 
HIV be used for HIV surveillance in 
Kenya? Public Health Rep Wash DC 
1974. 2006 Dec;121(6):695–702.

 36. Shukla RS, Bhuyan KK. Can data on 
HIV sero-reactivity among blood 
donors provide an insight into HIV 
prevalence in the general popula-
tion? Indian J Public Health. 2007 
Mar;51(1):14–21.

 37. Hallett TB, Aberle-Grasse J, Bello 
G, Boulos L-M, Cayemittes MPA, 
Cheluget B, et al. Declines in HIV 
prevalence can be associated with 
changing sexual behaviour in Uganda, 
urban Kenya, Zimbabwe, and urban 
Haiti. Sex Transm Infect. 2006 Apr;82 
Suppl 1:i1-8.

 38. McFarland W, Mvere D, Shandera 
W, Reingold A. Epidemiology and 

prevention of transfusion-associated 
human immunodeficiency virus 
transmission in sub-Saharan Africa. 
Vox Sang. 1997;72(2):85–92.

 39. Fleming AF. HIV and blood transfu-
sion in sub-Saharan Africa. Transfus 
Sci. 1997 Jun;18(2):167–79.

 40. Gezahegn M, Woldemichael K, 
Godesso A. HIV Sero-Prevalence 
Trend among Blood Donors in Jimma 
University Specialized Hospital, 
Southwest Ethiopia. Ethiop J Health 
Sci. 2012 Mar;22(1):37–43.

 41. Ghys PD, Kufa E, George MV. Measur-
ing trends in prevalence and inci-
dence of HIV infection in countries 
with generalised epidemics. Sex 
Transm Infect. 2006 Apr;82 Suppl 
1:i52-56.

 42. Jayaraman S, Chalabi Z, Perel P, 
Guerriero C, Roberts I. The risk of 
transfusion-transmitted infections 
in sub-Saharan Africa. Transfusion. 
2010 Feb;50(2):433–42.

 43. Monasch R, Mahy M. Young people: 
the centre of the HIV epidemic. 
World Health Organ Tech Rep Ser. 
2006;938:15-41-341.

 44. Custer B. Risk modelling in blood 
safety – review of methods, strengths 
and limitations. ISBT Sci Ser. 2010 Jul 
1;5(n1):294–9.

 45. Yasui Y, Yanai H, Sawanpanyalert P, 
Tanaka H. A statistical method for the 
estimation of window-period risk of 
transfusion-transmitted HIV in donor 
screening under non-steady state. 
Biostat Oxf Engl. 2002 Mar;3(1):133–
43.

 46. Lefrère J-J, Dahourouh H, Dokekias 
AE, Kouao MD, Diarra A, Diop S, 
et al. Estimate of the residual risk 
of transfusion-transmitted human 
immunodeficiency virus infection in 
sub-Saharan Africa: a multinational 
collaborative study. Transfusion. 
2011 Mar;51(3):486–92.



Chapter 1

24

 47. Mapako T, Mvere DA, Chitiyo ME, 
Rusakaniko S, Postma MJ, van Hulst 
M. Human immunodeficiency virus 
prevalence, incidence, and residual 
transmission risk in first-time and 
repeat blood donations in Zimbabwe: 
implications on blood safety. Transfu-
sion. 2013 Oct;53(10 Pt 2):2413–21.

 48. Mapako T, Janssen MP, Mvere DA, 
Emmanuel JC, Rusakaniko S, Postma 
MJ, et al. Impact of using different 
blood donor subpopulations and 
models on the estimation of transfu-
sion transmission residual risk of 
human immunodeficiency virus, 
hepatitis B virus, and hepatitis C virus 
in Zimbabwe. Transfusion. 2016 Jan 
22;

 49. Weusten J, Vermeulen M, van Drim-
melen H, Lelie N. Refinement of a 
viral transmission risk model for 
blood donations in seroconversion 
window phase screened by nucleic 
acid testing in different pool sizes and 
repeat test algorithms. Transfusion. 
2011 Jan;51(1):203–15.

 50. Allain J-P. Emerging Viruses in 
Blood Transfusion. Vox Sang. 
1998;74(S2):125–129.

 51. Oei W, Janssen MP, van der Poel 
CL, van Steenbergen JE, Rehmet S, 
Kretzschmar MEE. Modeling the 
transmission risk of emerging infec-
tious diseases through blood transfu-
sion: Modeling EID Transfusion Risks. 
Transfusion. 2013 Jul;53(7):1421–8.

 52. Stramer SL, Hollinger FB, Katz LM, 
Kleinman S, Metzel PS, Gregory KR, 
et al. Emerging infectious disease 
agents and their potential threat to 
transfusion safety. Transfusion. 2009 
Aug;49 Suppl 2:1S–29S.

 53. Wilder-Smith A, Chen LH, Massad 
E, Wilson ME. Threat of Dengue to 
Blood Safety in Dengue-Endemic 
Countries. Emerg Infect Dis. 2009 
Jan;15(1):8–11.

 54. MASSAD E, ROCKLOV J, WILDER-
SMITH A. Dengue infections in non-
immune travellers to Thailand. Epide-
miol Infect. 2013 Feb;141(2):412–7.

 55. O’Brien SF, Uzicanin S, Choquet K, 
Yi Q-L, Fan W, Goldman M. Impact 
of changes to policy for Mexican 
risk travel on Canadian blood donor 
deferrals. Blood Transfus. 2013 
Oct;11(4):580–4.

 56. Massad E, Behrens RH, Burattini MN, 
Coutinho FA. Modeling the risk of 
malaria for travelers to areas with 
stable malaria transmission. Malar J. 
2009 Dec 16;8(1):296.

 57. Grande R, Petrini G, Silvani I, Simon-
eschi B, Marconi M, Torresani E. Im-
munological testing for malaria and 
blood donor deferral: the experience 
of the Ca’ Granda Polyclinic Hospital 
in Milan. Blood Transfus Trasfus 
Sangue. 2011 Apr;9(2):162–6.

 58. Leiby DA, Nguyen ML, Notari EP. 
Impact of donor deferrals for 
malaria on blood availability in the 
United States. Transfusion. 2008 
Oct;48(10):2222–8.

 59. Liumbruno GM, Calteri D, Petropu-
lacos K, Mattivi A, Po C, Macini P, et 
al. The Chikungunya epidemic in Italy 
and its repercussion on the blood sys-
tem. Blood Transfus Trasfus Sangue. 
2008 Oct;6(4):199–210.

 60. Research C for BE and. Workshops, 
Meetings & Conferences (Biologics) 
- Current Deferral Policies to Reduce 
the Risk of Transfusion-Transmitted 
Malaria and their Impact on Donor 
Availability [Internet]. [cited 2014 Jan 
12]. Available from: http://www.fda.
gov/BiologicsBloodVaccines/News-
Events/WorkshopsMeetingsConfer-
ences/ucm091216.htm

 61. Borkent-Raven BA, Janssen MP, van 
der Poel CL, Bonsel GJ, van Hout BA. 
Cost-effectiveness of additional blood 
screening tests in the Netherlands. 
Transfusion. 2012 Mar;52(3):478–88.



25

General introduction and outline of the thesis

1
 62. Jackson BR, Busch MP, Stramer SL, 

AuBuchon JP. The cost-effectiveness 
of NAT for HIV, HCV, and HBV in 
whole-blood donations. Transfusion. 
2003 Jun;43(6):721–9.

 63. Marshall DA, Kleinman SH, Wong JB, 
AuBuchon JP, Grima DT, Kulin NA, et 
al. Cost-effectiveness of nucleic acid 
test screening of volunteer blood 
donations for hepatitis B, hepatitis C 
and human immunodeficiency virus 
in the United States. Vox Sang. 2004 
Jan;86(1):28–40.

 64. van Hulst M, Hubben GAA, Sa-
goe KWC, Promwong C, Permpikul P, 
Fongsatitkul L, et al. Web interface-
supported transmission risk assess-
ment and cost-effectiveness analysis 
of postdonation screening: a global 
model applied to Ghana, Thailand, 
and the Netherlands. Transfusion . 
2009 Dec;49(12):2729–42.

 65. van Hulst M, Sagoe KWC, Vermande 
JE, van der Schaaf IP, van der Tuuk 
Adriani WPA, Torpey K, et al. Cost-
effectiveness of HIV screening of 
blood donations in Accra (Ghana). 
Value Health J Int Soc Pharmaco-
economics Outcomes Res. 2008 
Oct;11(5):809–19.

 66. Hourfar MK, Jork C, Schottstedt V, 
Weber-Schehl M, Brixner V, Busch 
MP, et al. Experience of German 
Red Cross blood donor services 
with nucleic acid testing: results of 
screening more than 30 million blood 
donations for human immunodefi-
ciency virus-1, hepatitis C virus, and 
hepatitis B virus. Transfusion. 2008 
Aug;48(8):1558–66.

 67. Lucky TTA, Seed CR, Keller A, Lee J, 
McDonald A, Ismay S, et al. Trends in 
transfusion-transmissible infections 
among Australian blood donors from 
2005 to 2010. Transfusion . 2013 
Nov;53(11):2751–62.

 68. Slot E, Janssen MP, Marijt-van der 
Kreek T, Zaaijer HL, van de Laar TJ. 
Two decades of risk factors and 

transfusion-transmissible infections 
in Dutch blood donors. Transfusion. 
2016 Jan;56(1):203–14.

 69. Zou S, Stramer SL, Dodd RY. Donor 
testing and risk: current prevalence, 
incidence, and residual risk of 
transfusion-transmissible agents in 
US allogeneic donations. Transfus 
Med Rev. 2012 Apr;26(2):119–28.

 70. Borkent-Raven BA, Janssen MP, van 
der Poel CL, Schaasberg WP, Bonsel 
GJ, van Hout BA. The PROTON study: 
profiles of blood product transfusion 
recipients in the Netherlands. Vox 
Sang. 2010 Jul 1;99(1):54–64.

 71. Morton J, Anastassopoulos KP, Patel 
ST, Lerner JH, Ryan KJ, Goss TF, et al. 
Frequency and outcomes of blood 
products transfusion across proce-
dures and clinical conditions warrant-
ing inpatient care: an analysis of the 
2004 healthcare cost and utilization 
project nationwide inpatient sample 
database. Am J Med Qual Off J Am Coll 
Med Qual. 2010 Aug;25(4):289–96.

 72. Wells AW, Llewelyn CA, Casbard A, 
Johnson AJ, Amin M, Ballard S, et 
al. The EASTR Study: indications for 
transfusion and estimates of transfu-
sion recipient numbers in hospitals 
supplied by the National Blood Ser-
vice. Transfus Med Oxf Engl. 2009 
Dec;19(6):315–28.

 73. Mafirakureva N, Khoza S, Hassall 
O, Faragher BE, Kajja I, Mvere DA, 
et al. Profiles of blood and blood 
component transfusion recipients in 
Zimbabwe. Blood Transfus Trasfus 
Sangue. 2015 Oct;13(4):600–9.

 74. Bugge HF, Karlsen NCT, Oydna E, Rake 
MM, Wexels N, Bendabenda J, et al. 
A study of blood transfusion services 
at a district hospital in Malawi. Vox 
Sang. 2013 Jan;104(1):37–45.

 75. Butler EK, Hume H, Birungi I, Ainomu-
gisha B, Namazzi R, Ddungu H, et al. 
Blood utilization at a national referral 
hospital in sub-Saharan Africa. Trans-
fusion. 2015 May;55(5):1058–66.



Chapter 1

26

 76. Natukunda B, Schonewille H, Smit 
Sibinga CT. Assessment of the clini-
cal transfusion practice at a regional 
referral hospital in Uganda. Transfus 
Med Oxf Engl. 2010 Jun;20(3):134–9.

 77. Bates I, Phillips R, Martin-Peprah R, 
Kibiki G, Gaye O, Phiri K, et al. As-
sessing and Strengthening African 
Universities’ Capacity for Doctoral 
Programmes. PLoS Med [Internet]. 
2011 Sep [cited 2015 Jul 15];8(9). 
Available from: http://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3172246/

 78. Bates I, Akoto AYO, Ansong D, Karikari 
P, Bedu-Addo G, Critchley J, et al. 
Evaluating Health Research Capac-
ity Building: An Evidence-Based Tool. 
PLoS Med [Internet]. 2006 Aug [cited 
2015 Jul 15];3(8). Available from: 
http://www.ncbi.nlm.nih.gov/pmc/
articles/PMC1502158/

 79. Cole DC, Aslanyan G, Dunn A, Boyd 
A, Bates I. Dilemmas of evaluation: 
health research capacity initiatives. 
Bull World Health Organ. 2014 Dec 
1;92(12):920–1.

 80. Boyd A, Cole DC, Cho D-B, Aslanyan 
G, Bates I. Frameworks for evaluating 
health research capacity strengthen-
ing: a qualitative study. Health Res 
Policy Syst. 2013 Dec 14;11:46.

 81. Mapako T, Hassall O, Bates I. Proceed-
ings of blood transfusion research 
workshop, Mombasa, Kenya: 23–25 
September 2008. Afr Sang. 2008 
Dec;11(2):9–13.

 82. TREC Final Report - CORDIS [Inter-
net]. [cited 2016 Apr 19]. Available 
from: http://cordis.europa.eu/docs/
results/266/266194/final1-trec-final-
report.pdf

 83. Building the research capacity of 
blood transfusion services in Africa 
[Internet]. [cited 2015 Aug 7]. Avail-
able from: http://www.t-rec.eu/
highlights/documents/Jan2012Bul-
letinBuildingtheresearchcapacityof-
bloodtransfusionservicesinAfrica.pdf

 84. Gonese E, Mapako T, Dzangare J, 
Rusakaniko S, Kilmarx PH, Postma 
MJ, et al. Within-Gender Changes 
in HIV Prevalence among Adults 
between 2005/6 and 2010/11 in 
Zimbabwe. PLoS ONE. 2015 Jul 
24;10(7):e0129611.

 85. Sabino EC, Gonçalez TT, Carneiro-
Proietti AB, Sarr M, Ferreira JE, 
Sampaio DA, et al. Human im-
munodeficiency virus prevalence, 
incidence, and residual risk of trans-
mission by transfusions at Retrovirus 
Epidemiology Donor Study-II blood 
centers in Brazil. Transfusion. 2012 
Apr;52(4):870–9.

 86. Shang G, Seed CR, Wang F, Nie D, 
Farrugia A. Residual risk of transfu-
sion-transmitted viral infections in 
Shenzhen, China, 2001 through 2004. 
Transfusion . 2007 Mar;47(3):529–39.

 87. Mapako T, Oei W, van Hulst M, 
Kretzschmar ME, Janssen MP. 
Modelling the risk of transfusion 
transmission from travelling donors. 
BMC Infect Dis [Internet]. 2016 Apr 
1 [cited 2016 Apr 19];16. Available 
from: http://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4818889/





Invitation

You are cordially invited to 
the public defense of

Tonderai Mapako’s 
doctoral dissertation:

Risk modelling of transfusion 
transmissible infections

on Friday 09 December 2016 
at 2.30pm in the aula of the 

Academic Building of the 
University of Groningen, 
Broerstraat 5, Groningen

In the same evening you are 
invited to a reception dinner that 

will also take place in the 
Academic Building

Paranymphs

Elsbeth Helfrich
Lucia Mapako

Invitation

You are cordially invited to 
the public defense of

Tonderai Mapako’s 
doctoral dissertation:

Risk modelling of transfusion 
transmissible infections

on Friday 09 December 2016 
at 2.30pm in the aula of the 

Academic Building of the 
University of Groningen, 
Broerstraat 5, Groningen

In the same evening you are 
invited to a reception dinner that 

will also take place in the 
Academic Building

Paranymphs

Elsbeth Helfrich
Lucia MapakoCh

ap
te

r  2



Invitation

You are cordially invited to 
the public defense of

Tonderai Mapako’s 
doctoral dissertation:

Risk modelling of transfusion 
transmissible infections

on Friday 09 December 2016 
at 2.30pm in the aula of the 

Academic Building of the 
University of Groningen, 
Broerstraat 5, Groningen

In the same evening you are 
invited to a reception dinner that 

will also take place in the 
Academic Building

Paranymphs

Elsbeth Helfrich
Lucia Mapako

Invitation

You are cordially invited to 
the public defense of

Tonderai Mapako’s 
doctoral dissertation:

Risk modelling of transfusion 
transmissible infections

on Friday 09 December 2016 
at 2.30pm in the aula of the 

Academic Building of the 
University of Groningen, 
Broerstraat 5, Groningen

In the same evening you are 
invited to a reception dinner that 

will also take place in the 
Academic Building

Paranymphs

Elsbeth Helfrich
Lucia Mapako

2

Within-Gender Changes in HIV Prevalence among 
Adults between 2005/6 and 2010/11 in Zimbabwe

Elizabeth Gonese*, Tonderai Mapako*, Janet Dzangare, Simbarashe Rusakaniko, 
Peter H Kilmarx, Maarten J Postma, Stella Ngwende, 

John Mandisarisa, Ponesai Nyika, David A Mvere, Owen Mugurungi, 
Mufuta Tshimanga, Marinus van Hulst

* These authors contributed equally to this work

Adapted from: Gonese E*, Mapako T*, Dzangare J, Rusakaniko S, Kilmarx PH, Postma 

MJ, et al. Within-Gender Changes in HIV Prevalence among Adults between 2005/6 and 

2010/11 in Zimbabwe. PLoS ONE. 2015 Jul 24;10(7):e0129611



Chapter 2

30

absTRaCT

Introduction: Zimbabwe has reported significant declines in HIV prevalence be-
tween 2005/06 and 2010/11 Demography and Health Surveys; a within-gender 
analysis to identify the magnitude and factors associated with this change, which 
can be masked, is critical for targeting interventions.

Methods: We analyzed change in HIV prevalence for 6,947 women and 5,848 men 
in the 2005/06 survey and 7,313 women and 6,250 men in 2010/11 surveys using 
2005/06 as referent. The data was analyzed taking into consideration the survey 
design and therefore the svy, mean command in Stata was used in both linear and 
logistic regression.

Results: There were similar 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 setting, demographic variables of age, educational level 
and some sexual risk behaviours. In logistic regression analysis, statistically sig-
nificant declines were observed among men in Manicaland, Mashonaland East and 
Harare (p<0.01) and for women in Manicaland, Mashonaland Central and Harare 
(p<0.01). Although not statistically significant, numerical increases were observed 
among men in Matebeleland North, Matebeleland South, Midlands and for both 
men and women in Bulawayo. Young women in the age range 15-34 experienced a 
decline in prevalence (p<0.01) while older men 30-44 had a statistically significant 
decline (p<0.01). Having a secondary and above education, regardless of employ-
ment status for both men and women recorded a significant decline. For sexual risk 
behaviours, currently in union for men and women and not in union for women 
there was a significant decline in prevalence.

Conclusion: Zimbabwe has reported a significant decline among both men and women 
but there are important differentials across provinces, demographic characteristics and 
sexual risk behaviours that suggest that the epidemic in Zimbabwe is heterogeneous 
and therefore interventions must be targeted in order to achieve epidemic control.
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InTRoDUCTIon

Sub-Saharan Africa is experiencing an HIV epidemic with substantial variation 
across and within countries.[1] The Joint United Nations Program on HIV/AIDS 
(UNAIDS) reported that among the worst affected countries, Ethiopia, South Africa, 
Zambia and Zimbabwe had reduced new HIV infections by more than 25% between 
2001 and 2009.[1] National HIV prevalence declined in Kenya, stabilized in Uganda, 
Rwanda and Nigeria.[1] However HIV prevalence increased in Mozambique and 
remained high in Swaziland and Botswana.[1]

As countries battle to curb and reverse the impact of the HIV epidemic, un-
derstanding the influence of demographic, behavioral and biological determinants 
of the HIV epidemic remains key to evidence based programming and policy 
formulation. Evidence from the analysis of antenatal clinic surveillance (ANC) and 
Demographic and Health Survey (DHS) data has shown that age, sex, educational 
level and residence are important differentials for HIV epidemics in Sub-Saharan 
Africa. Heterosexual transmission remains the main driver of the HIV epidemic in 
sub-Saharan Africa. Women are disproportionately affected by the epidemic as a 
result of the biological factors and cultural socio-economic disparities [2,3]

Analysis of data in Zambia, showed significant declines in HIV prevalence among 
women aged 15-19 years attending sentinel antenatal clinics, whereas data from 
DHS showed that HIV prevalence declined in urban women aged 15-29 years and 
in the 15-24 year group among rural women.[4] A follow-up analysis by Kayeyi et 
al, comparing the 2001/2 and 2007 DHS and 1994 to 2008 ANC data concluded 
that national level trend analysis masks important differences in the change in HIV 
prevalence by geographic setting and level of educational attained. [5]

Analysis of eight national demography and health surveys conducted between 
2003-2005 in Sub Saharan countries (Kenya, Ghana, Burkina Faso, Cameroon, Tan-
zania, Lesotho, Malawi, and Uganda) showed a positive association of wealth and 
HIV prevalence. This association was partially explained by other factors such as 
such as place of residence, education, and by differences in sexual behaviour, such 
as multiple sex partners, condom use, and male circumcision.[6]
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An extended analysis of the two DHS conducted in 2003/4 and 2007/8 in Tan-
zania showed that age at first marriage, cohabiting, multiple sexual partners and 
presence of sexually transmitted infections (STI) were associated with HIV infection 
among women. Further, the analysis showed that while overall HIV prevalence 
decreased by 14% (7.9% to 6.8%), this decline was only significant among urban 
males; prevalence did not decline significantly in other socio-demographic, behav-
ioral and biological sub-groupings. This and other analyses highlight the benefit of 
disaggregated analysis of data. [7–10]

Zimbabwe has one of the highest HIV burdens in Southern Africa with a gen-
eralized epidemic in which an estimated 860,000 adults (15-49 years) living with 
HIV.[11]Antenatal sentinel surveillance has reported a decline from 25.7% in 2002, 
21.3% in 2004, and 17.7% in 2006 to16.1% in 2009.[12] Because of the limitations 
of ANC data in representing the general population, Zimbabwe implemented its 
first DHS with HIV testing in the general population in 2005/06 and a follow-up 
in 2010/11. These surveys showed a decline in HIV prevalence in Zimbabwe from 
18.1% (95% CI 16.9-19.3) (2005/2006) to 15.2% (95% CI 14.3-16.1)(2010/2011). 
[13,14] The national trend showed a decrease in HIV prevalence of 15% in men 
and 16% in women between the 2005/6 and 2010 DHS. Because of the growing 
evidence that national trends tend to mask important differences, we set out to 
examine the within gender differentials in the change in HIV prevalence. This analy-
sis was focused to identify the key factors influencing this change in prevalence 
and so we examined differences by geographic location, selected demographic, 
behavioural and biological characteristics. Results of such an analysis are useful in 
targeting interventions.

MeTHoDoloGy

study Design

This is a descriptive cross-sectional study focusing on the within gender changes of 
HIV prevalence between the DHS 2005-6 and 2010/11.
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Study Setting

Zimbabwe is a landlocked, bordered by Mozambique on the east, South Africa on 
the south, Botswana on the west, and Zambia on the north. Based on Census of 
2012 the total population of the country was 13,061,239. There were 6,280,539 
males and 6,780,700 females giving a sex ratio of 93 males per 100 females. [15] 
The population was relatively young with 41 percent of the population being below 
age 15 years and about 4 percent age 65 years and above.

Population and Sampling

The study population consists of 6,947 women and 5,848 men in 2005/6 and 7,313 
women and 6,250 men in 2010/11 in the age group 15-49 that were eligible (de facto 
that is those who stayed in the household last night), completed the interviews and 
consented to HIV testing in the respective DHS. All the HIV data from these DHS 
was included in our analysis and we did not do further sampling over and above 
what was done in the original reports of the ZDHS 2005/6 and 2010/11. Therefore 
the data collection process and sampling procedures in our study are the same as 
those for standard DHS methods described in main reports 9,10. In summary, in both 
DHSs a two stage sampling method was used to select households for participation 
in survey. The 2002 Zimbabwe Population Census used the national administrative 
subdivision of provinces and districts to further create wards and enumeration 
areas (EA). The 2005/06 and 2010/11 surveys selected a representative sample of 
EA from which households were selected in the second stage of sampling.

HIV Testing

Consenting individual participants were interviewed and provided a blood sample 
from which a dried blood spot was prepared. Enzyme-linked immuno assays were 
used to test the dried blood spots samples for HIV at the National Microbiology 
Reference (NMRL). All samples were tested with first ELISA assay test. All positives 
were subjected to a second ELISA. If the test result was positive on both tests then 
the final result was tendered positive, discordant samples were retested with a 
Western Blot to confirm whether the result was negative or positive. If the result 
was still discordant, the sample was rendered indeterminate. The HIV results were 
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used to create a laboratory dataset, which were delinked from the individual ques-
tionnaire dataset.

Variables

The explanatory variables selected for use in our study are for (a) socio-demo-
graphic factors that include province (ten administrative provinces), location 
(urban, rural) as defined by the Zimbabwe National Statistics office classification 
was used to classify clusters into urban and rural as defined by population size and 
types of activity, age in five-year categories, sex (M/F), educational (no education, 
primary and secondary and above), employment status in the last 12 months (not 
employed, employed), wealth quintile (lowest & second, middle, forth & highest); 
(b) sexual behavioural factors that include currently in union (yes, no), age at first 
sexual intercourse (<16, >=16), number of lifetime partners (1, 2, 3-4, 5-9, 10 or 
more), condom use at last sexual intercourse in past 12 months (yes, no); (c) bio-
logical factors that include sexual transmissible infections (STI) in past 12 months 
(had STI or STI symptoms, no STI or no symptoms) and male circumcision (yes, no).

Relative change in HIV prevalence was the main outcome variable and was 
calculated as the difference of prevalence in 2005/06 minus 2010/11 divided by 
prevalence in 2005/6 and presented as a percentage. In DHS data files the data is 
weighted to correct for over and under sampling in some regions hence the sample 
weights were used during the analysis. The use of sample weights during analysis 
ensures sample representativeness. The sample weight was an 8-digit variable with 
6 implied decimal places. To use the sample weight we divided it by 1,000,000 
before applying the weighting factor. All sample weights were normalized such that 
the weighted number of cases was identical to the unweighted number of cases 
when using the full dataset with no selection. The weight variable was used to 
weight all tabulations produced using the data file.

Data analysis

The change in HIV prevalence and risk factors were explored using the svy, mean 
command (for survey design analysis) in Stata Corp Version 12.1 followed by a Lin-
com command (Linear combinations of estimators), which is equivalent to a t-test 
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(t test for differences between two proportions). All continuous variables such as 
age, number of sexual partners were categorized for analysis as explained under 
variables. All analysis was two-tailed and the significance level was set at 0.05.

Logistic regression was performed for changes in HIV prevalence by regress-
ing HIV results (positive/negative) with year variable indicator and including and 
controlling for all the socio-demographic, sexual risk behaviour and biological 
factors. The co-efficient of year (reference category was year 2005/06) was used 
to obtain the adjusted odds ratio for change in HIV prevalence between the two 
surveys for the selected variable controlling for the other factors. This co-efficient 
was used to interpret the output of the logistic regression models fitted. Because 
male circumcision applies to males only, it was not used in the logistic regression 
model in order to have an accurate comparison of males and females. We analysed 
the men and women’s 2005/6 and 2010/11 ZDHS data sets separately.

ethical Consent

In the 2005/6 ZDHS standard verbal informed consent procedures were followed 
prior to blood sample collection. The sample was bar code labelled and personal 
identifiers were removed before linking with household behavioural data. The 
Medical Research Council of Zimbabwe (MRCZ) approved verbal consent without 
return of HIV results in an effort to increase participation rates. Participants were 
given coupons to access HIV testing in the national HIV testing and counselling 
program. In 2010/11 survey, participants gave informed written consent and con-
sent forms were sent to the Zimbabwe National Statistical Agency (Zimstats) for 
storage. Both surveys were approved by ICF International review board and the US 
Office for the Protection from Research Risks (OPRR). This extended analysis was 
approved by the US Centers for Disease Control and Prevention (CDC), Center for 
Global Health (CGH).
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ResUlTs

The HIV prevalence and proportions of change in prevalence are summarized in 
Table 1, which shows major variations within gender, across the different variables. 
Nationally there was a significant decline in HIV prevalence among men of 15% 
(p=0.011), and similarly women experienced a similar significant proportional 
decline of 16% (p=0.008) between the 2005/6 and 2010/11 surveys. However, 
there were striking variations within gender for some variables. Among men, the 
change within province ranged from (-46%, p <0.001 Harare) to (+29%, p=0.223 
Bulawayo) and for women the range was (-34%, p=0.055, Mashonaland Central) to 
(+8% p=0.530 Bulawayo). While there was a higher decline in prevalence for men 
in urban (17%, p=0.089) compared to rural (13%, p=0.073) settings, the opposite 
was true among women with a higher and significant change in rural areas (19%, 
p=0.002) and no significant change in urban areas 9% (p=0.144). Younger women 
(15-34 years) experienced the higher declines ranging from (-35%, p<0.001, age 
20-24 years) to (-18%, p=0.012 age 30-34 years). The only increase in prevalence 
were observed among men 15-19 years (+10%, p=0.679) and 45-49 years (+15%, 
p=0.307) and among women 45-49 years (+25%, p=0.111). The highest decline 
though not statistically significant was experienced in men (-32%, p=0.351) and 
women (-24%, p=0.277) without any educational background however significant 
declines were observed in both men (-16%, p=0.012) and women (-19%, p<0.001) 
with above secondary education. For sexual risk behaviors there was a high propor-
tional decline among both men (-23%, p<0.001) and women (-20%, p<0.001) who 
were in union and those who had reported their sexual debut at 16 years and older 
(men 23% p<0.001 and women (- 21% p<0.001). There were variations in decline 
of prevalence by number of sexual partners but increases were observed in women 
with 5 to 9 partners. Significant declines were observed for condom use in men 
(-33%, p<0.001) and women (-32%, p<0.001) while prevalence increased when 
condom use was not reported for men (29%, p=0.03) and women (6%, p=0.508).
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In the logistic regression analysis (Table 2), the decline in HIV prevalence remained 
statistically significant for both men and women in three of ten provinces, i.e. 
Manicaland, Mashonaland East and Harare and for women only in Mashonaland 
Central. The change in prevalence in rural and urban location, which had been 
masked in the univariate analysis, became significant in the regression analysis. 
The decline in prevalence among young women (15-29 years) and men in the age 
range 30-44years remained statistically significant. There were significant declines 
among men and women regardless of educational level except in men with primary 
and women with no education. Similarly, there were significant declines irrespec-
tive of employment or wealth status with the exception of men in the lowest and 
second quintiles.

Analysis of sexual risk behaviours showed non-significant declines only in men 
who were not currently in union. Regardless of the number of sexual partners, 
there was a significant decline in both men and women. Other significant deter-
minants included sexual debut above 16 years and condom use in both men and 
women. Regardless of reported STI history, there was a decline among men and 
women, although these were significant among those with previous STI exposure.
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DIsCUssIon

Our study shows that while nationally the declines among women and men ap-
peared similar, there are striking variations in the change in prevalence across the 
different provinces, urban and rural location, age and sexual risk behaviour within 
each gender. The similarities at national level suggest that interventions may have 
had a similar effect on both men and women. These variations support studies that 
show that national trends mask the real differences. [2,5]

The high proportional decline in HIV prevalence observed among men of (-) 46% 
in Harare and women of -34% in Mashonaland Central compared to an increase in 
prevalence of (+) 24% among men in Matebeleland North and (+) 8% among women 
in Bulawayo; suggest that the epidemic is heterogeneous and that there are signifi-
cant differences that require further examination to determine reasons for these 
variations by gender and provincial location. Possible explanations include the 
fact that areas, which experienced an increase in prevalence, are all situated in a 
geographic location that is close to a border or are situated around a highway from 
a border. This is the case for Matebeland North and South, Bulawayo and Midlands 
where increases maybe related to high internal and inter-country migration due 
to economic reasons.[15] Such variations warrant a data driven focused approach 
in HIV programming. The pronounced decline in prevalence among young women 
in age groups 15-39 years may suggest reduced HIV incidence in a group that has 
been disproportionately known to be at a higher risk of HIV infection. [3] A de-
crease in this age group is also suggestive of a decline in HIV incidence5. This study 
highlighted increases in HIV prevalence among older men and women this maybe 
a function of reduced mortality attributable to survival on antiretroviral therapy. 
A review of mortality records by Dlodlo et al (2011) suggested that the declining 
trend in mortality in the two major cities could be associated with treatment scale 
up. [16]

Our study indicates that high education (secondary and above) for both males 
and females is associated with significant decline in HIV prevalence, while female 
with no education remain vulnerable to HIV infection with an insignificant decline 
recorded between the two surveys (p>0.05). Mbanga et al observed a shift in the 
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HIV epidemic from educated to the uneducated.[7] Given the continued focus on 
education in Zimbabwe and the high literacy rate has a potential in contributing f to 
further reductions of HIV prevalence in Zimbabwe. This analysis supports theories 
that adoption of positive sexual risk behaviours in Zimbabwe such as increase in 
age of sexual debut and condom use can explain the decline in HIV prevalence.
[17,18] Marital union and monogamy are positively associated with the decline for 
both men and women. Although numbers tend to be smaller, the numerically high 
prevalence among men and women reporting more than one sexual partner are 
a cause of concern and requires follow-up research using proven methods of col-
lecting sensitive information such as the Audio Computer- Assisted Self –Interview 
(ACASI) supported by collection of HIV blood for biomarkers.[19] These findings 
underscore the need for interventions to increase age of sexual debut, reduction in 
sexual partners and promote condom use.

The finding that there is a similar proportional decline in HIV prevalence among 
men who had been circumcised compared to those who had not been circumcised 
cannot be interpreted to infer causality, because of the small numbers involved. 
Clinical trials have demonstrated a nearly 60% reduction in the risk of HIV transmis-
sion among men aged between 15 and 49 years who became circumcised. [20] The 
finding in our study needs to be interpreted with caution given that this information 
is self- reported and that medical male circumcision had not been implemented 
during this period.

Finally, the HIV epidemic is currently in a pattern of decline in many areas of 
Zimbabwe. A multi-centre study of HIV epidemics in Sub-Saharan Africa attributed 
such a change to the natural progression of the epidemic, a decrease in risky prac-
tices, and increased access to treatment.[21] Regardless of direction of change in 
prevalence, this analysis highlights the importance of a disaggregated analysis in 
order to focus interventions.

Limitations

One of the limitations of our study is that it focused on the changes in HIV preva-
lence alone. This was constrained by the design of the Demography and Health 
Surveys, which are cross-sectional in nature, and provides limited opportunities to 
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assess changes in HIV incidences. [13,14] This information is critical in the broad 
strategies of fighting the HIV pandemic in Zimbabwe. Future research efforts 
should be directed to determine the feasibility of calculating general population 
HIV incidences based on ZDHS data and other reliable population based studies. 
However, this analysis provides results that are of essence to other HIV program-
ming activities such as PMTCT, ANC, youth HIV programs and blood safety program 
[22] as these can identify changes noteworthy to incorporate into their program-
ming activities. This analysis is not able to determine the actual contribution of 
mortality and migration on the observed declines in HIV prevalence hence should 
be interpreted with caution.

ConClUsIons

This analysis shows that while Zimbabwe has reported a significant decline among 
both men and women, there are important differentials that suggest that the 
epidemic in Zimbabwe is heterogeneous and warrants closer examination of these 
variations. The changes in HIV prevalence were more pronounced in some provin-
cial regions, among young women and are associated with adoption of safer sexual 
behaviours.
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absTRaCT

BACKGROUND: National Blood Service Zimbabwe human immunodeficiency virus 
(HIV) risk management strategy includes screening and discarding of first-time 
donations, which are collected in blood packs without an anticoagulant (dry pack). 
To evaluate the impact of discarding first-time donations on blood safety the HIV 
prevalence, incidence, and residual risk in first-time and repeat donations (wet 
packs) were compared.

STUDY DESIGN AND METHODS: Donor data from 2002 to 2010 were retrieved 
from centralized national electronic donor database and retrospectively analyzed. 
Chi-square test was used to compare HIV prevalence with relative risk (RR), and the 
RR point estimates and 95% confidence interval (CI) are reported. Trend analysis 
was done using Cochran-Armitage trend test. HIV residual risk estimates were 
determined using published residual risk estimation models.

RESULTS: Over the 9 years the overall HIV prevalence estimates are 1.29% (n = 
116,058) and 0.42% (n = 434,695) for first-time and repeat donations, respectively. 
The overall RR 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 it was 1:5496 (range, 1: 9943–1:3347).

CONCLUSION: The significantly high HIV prevalence estimates recorded in first-time 
over repeat donations is indicative of the effectiveness of the HIV risk management 
strategy. However, comparable residual transmission risk estimates in first-time and 
repeat donors point to the need to further review the risk management strategies. 
Given the potential wastage of valuable resources, future studies should focus on 
the cost-effectiveness and utility of screening and discarding first-time donations.
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InTRoDUCTIon

Zimbabwe is categorized as a country with generalized epidemic of human im-
munodeficiency virus (HIV). It lies at the epicenter of the HIV epidemic in the 
Southern African region and has experienced one of the world’s most severe HIV 
and AIDS crises,1,2 However, it has recorded a significant decline in HIV prevalence 
in the general population from 18.1% (95% confidence interval [CI], 16.9%-18.8%) 
in 2005 and 2006 to 15.2% (95% CI, 14.3%-16.1%) in 2010 and 2011 based on 
Zimbabwe Demographic Health Surveys.3,4 There are several publications that have 
documented the HIV decline in Zimbabwe, which started in the late 1990s.5–11 The 
population of Zimbabwe based on 2002 census is 11.6 million with 99.3% being of 
African ethnic group and 55% in the age group 15 to 64 years. The life expectancy 
at birth is 45 years compared to 61 years in 1992.12

The National Blood Service Zimbabwe (NBSZ) on average collects approximately 
80,000 units of whole blood annually based on internationally endorsed principle 
of 100% voluntary nonremunerated blood donation.13 Donor selection is based on 
locally determined risk factors and all donated blood is routinely tested in a qual-
ity assured manner for transfusion-transmissible infections (TTIs) using serologic 
markers for HIV, hepatitis B virus (HBV) and hepatitis C virus, and Syphilis. NBSZ 
instituted various HIV and other TTI risk management strategies including screen-
ing and discarding of first-time donations, which started in 1992. 14 First-time blood 
donors donate blood in a blood pack without an anticoagulant (dry packs). Collect-
ing donations in dry packs from this group reduces wastage of more expensive wet 
packs (with anticoagulant). Blood collected in dry pack coagulates and this acts 
as an extra safety measure to prevent transfusion and use of first-time donations, 
which may carry a higher risk of HIV and other TTIs such as HBV, which accounts 
for much of the discarded blood in Zimbabwe. Discarding first-time donations has 
been discussed recently because of the potential wastage of blood donations in 
a country with intermittent blood shortages and a limited health budget. In this 
study, we 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 forms the basis for continued or alternative 
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blood safety strategies that NBSZ will use to ensure and safeguard the sustain-
ability, adequacy, and safety of blood and blood products supply in Zimbabwe.

MaTeRIals anD MeTHoDs

This was a retrospective study conducted among all Zimbabwe blood donors from 
2002 to 2010. Details of the blood safety program in Zimbabwe are given below.

blood safety

NBSZ from its inception has operated as an independent nonprofit company solely 
mandated by the Government of Zimbabwe through the Ministry of Health and 
Child Welfare to procure, test, process, and distribute blood and blood products 
to all health institutions in Zimbabwe. It is authorized and entrusted to ensure 
availability of adequate and safe blood and blood products in Zimbabwe. There is 
a National Blood Policy15 and Standards for Blood Donation, Processing and Clinical 
Transfusion in Zimbabwe16 that guides the blood safety program. The NBSZ Board 
through its medical scientific subcommittee continuously monitors and evalu-
ates the blood safety activities in Zimbabwe. The NBSZ executive management 
is charged with responsibilities to implement standard operating procedures to 
ensure blood safety.

Donor recruitment is targeted at low-risk populations and updated risk factors 
are used to select blood donors as per the donor risk classification described under 
Materials and Methods. There are various blood donor mobilization programs 
targeting the youth such as Pledge 2517 that was introduced in 1994 and other 
measures all aimed at promoting repeat donations in Zimbabwe. Intensive donor 
education is provided that is key to continued blood safety.

All donors are individually assessed for risk factors before blood donation 
through a structured donor interview process and review of available previous 
donation history and test results. If the previous donor test results are positive, the 
donor is prevented from making further donations. All donors with positive test 
results are informed and offered postdonation counseling through the NBSZ donor 
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notification and counseling program, which also involves external counseling part-
ners. The NBSZ view is that postdonation counseling is key to ensure that those 
donors with positive test results will be encouraged to self-defer from attempting 
to make future blood donations which might compromise blood safety.

Zimbabwe, through the NBSZ, was the third country in the world to introduce 
100% routine enzyme-linked immunosorbent assay testing for HIV in donated 
blood in 1985.18 This demonstrates the NBSZ commitment to ensure that the blood 
safety program in Zimbabwe is responsive to the emerging threats and strives to 
meet the international blood safety standards.

Donor Risk Classification

As part of a structured risk management strategy, NBSZ in 1994 developed blood 
donor risk categories based on r-codes, which are R1 (two or more previous dona-
tions within 12 months), R2 (one previous donation within 12 months), R3 (previ-
ous donation not within 12 months-lapsed donor) and R4 (new donor). Consistent 
with World Health Organization (WHO) recommendations on blood safety, repeat 
donations (R1 and R2) are advocated. R1 and R2 donations are expected to show 
a low HIV prevalence compared to R3 and R4. The lapsed donors are classified 
separately as these donations carry an elevated HIV transmission risk compared to 
R1 and R2. Different policies that are based on age and donation venue are applied 
to new donors (R4) although they are maintained as category. New donors aged 16 
– 20 years donating at a school venue are generally deemed to be safe18 and their 
blood is collected in blood bags with anticoagulant. The new donors in age group 
21-44 are in the high-risk category14,18 and their blood is collected in blood packs 
without an anticoagulant as part of risk management for HIV and other TTIs.19–22 
As an additional safety measure for window period-phased donations there are 
instances when a dry pack is used on repeat donors. This applies to all lapsed 
repeat donors and repeat donors aged 21 to 30 years coming for their second 
donations. Furthermore, in cases where a high-HIV-risk repeat blood donation is 
suspected due to individual donor interview the donor is deferred from donation 
or a dry pack may be used. In some instances the dry packs are also used for other 
purposes other than HIV risk, such as malaria temporary deferrals. Donors with 
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high risk for malaria will be temporarily deferred. After this period of temporary 
deferral, donors will be regarded as first-time donors. As such, the first donation 
will be in a dry pack. It is important to note that in all cases, the fulfillment of set 
established donor eligibility is critical. If the donor interview indicates high risk the 
donor is permanently deferred and no dry pack is used.

The option of predonation screening is not encouraged due to concerns that 
this may be associated with voluntary counseling and testing services thereby 
encouraging test seeking behavior (personal communication). We are unaware of 
any published evidence on this. This is a potential area for future research. It may 
be worth investigating the views of potential donors on these crucial aspects so 
that the Service stands informed accordingly. The current practice is based on the 
notion that the experience of donating a full unit will help the donor to overcome 
donation fears and help the staff to identify donors at risk of adverse reactions. 
Donors are educated at the point of donation on the different blood pack types 
and blood use as indicated on the Donor Bill of Rights posted at all NBSZ donation 
facilities.

Tracking first-time and repeat donations

The type of pack used at each donation is identified and tracked at the point of 
blood collection and entered into the NBSZ nationally centralized electronic data-
base introduced in 1994. The national electronic data management system allows 
all donations collected in dry and wet packs to be tracked and these are linked to 
the TTIs testing results and other demographic factors such as age. In this study 
units collected in dry packs are risk classified as first-time donations and those in 
wet packs as repeat donations based on the donor risk profile described above. We 
have used the term first-time conservatively to denote high-risk donations typical 
of adult new donors hence the use of the blood bag without an anticoagulant. 
The term new donor or donations is reserved for all donations where there is no 
previous donation. HIV reactivity data in first-time and repeat donations from 2002 
to 2010 was retrieved and analyzed from the NBSZ national donor database. All 
the five NBSZ centers located in major cities (Harare, Bulawayo, Gweru, Mutare 
and Masvingo) were nationally connected to the national database through wide 
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area network by 2002. Consequently, the national database is representative of all 
centers as from 2002 hence this study includes all data from 2002 to 2010.

serologic screening

From 2002 to 2006, an HIV antibody test was in use. As from 2007 the primary 
HIV test is the Architect HIV Ag/Ab Combo assay (Abbott Diagnostics, Germany), 
which is a chemiluminescent microparticle immunoassay. The chemiluminescent 
microparticle immunoassay detects HIV p24 antigen and antibodies to HIV-1 and 
HIV-2. If the primary test is nonreactive for HIV and other markers the unit is made 
available for distribution except if it is a first-time donation as per the donor risk 
classification. All reactive or discrepant samples from the primary test are repeated 
in duplicates using the same technology. If both duplicates are negative, the blood 
will be released, otherwise the samples and blood bags are further tested using 
an alternative technology (AxSYM HIV Ag/Ab Combo; Abbott Diagnostics) for con-
firming the test results. This assay is a microparticle enzyme immunoassay for the 
simultaneous detection of antibodies to HIV-1 and HIV-2 and HIV p24 antigen.

Transmission risks

HIV transmission risk of first-time donation was estimated from the prevalence 
(expressed as a proportion), window period (22 days, 2002-2006; 17 days, 2007-
2010),23 and duration in HIV stage 1 and 2 (5 years, expressed in days) using the 
method published by Van Hulst et al.24

For repeat donations, the residual risk of HIV transmission was estimated 
from the interdonation interval, incidence rate and the window period (22 days, 
2002-2006; 17 days, 2007-2010 expressed as a fraction of one year)23 as described 
by Schreiber and colleagues.25 To determine the incidence rates, seroconvertors 
(numerator) were identified on repeat donors who had a previous seronegative 
donation before the index donation during the year of follow-up. The interdona-
tion intervals in days were obtained by obtaining the differences between all 
donations. These were summed-up to give the denominator (person-years of 
observation) used in repeat donors risk calculation. For seroconverting donors, a 
correction factor, the preseroconversion interval midpoint was used assuming that 
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seroconversion occurred halfway during that period as proposed by Schreiber and 
colleagues.25 HIV positive repeat donors with a negative previous donation were 
defined as seroconvertors. Only repeat donors with at least two donations within 
the follow-up period were considered. The window periods of 22 days (2002-2007) 
and 17 days (2007-2010) were decided based on the literature review23 and review 
of the previous and current testing assays user package inserts. The residual risk 
was obtained by multiplying the window period and the incidence rates.

Statistical Analysis

The HIV prevalence was calculated and the Chi-square test was used to determine 
whether there was a significant difference between the HIV prevalence in first-time 
versus repeat donations. The relative risk (RR) was calculated and 95% CI for the 
RR determined. A p-value of less than 0.05 was used to determine a statistically 
significant difference. Trend analysis was done using Cochran-Armitage trend test. 
Residual risk estimates are reported.

ResUlTs

From 2002 to 2010 a total of 116,058 (21%) and 434,695 (79%) donations were col-
lected from first-time and repeat donors respectively (Table 1). In first-time donors, 
the mean annual blood donation was 12,895 (range, 9094–17,248) and in repeat 
donations it was 48,299 units (range, 27,293–58,682). These donations were all 
from voluntary nonremunerated donors and on average the numbers of annual 
blood donors are 10,001 (range, 6977-14,004) and 33,769 (range, 19,814-40,861) 
for first-time and repeat donors respectively. The number of first-time blood dona-
tions remained stable (linear trend p = 0.726) from 2002 to 2010. There was a 
significant overall continued downward trend (linear trend p = 0.013) in repeat 
blood donations which decreased by 53% in 8 years from 2002 (58,642) to 27,293 
(2009) (figure 1). In 2010, there was a 74% increase in repeat blood donations.
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Table 1: HIV prevalence (national) in first-time and repeat donations, 2002 to 2010

Year First-time (dry pack) Repeat (wet pack) RR (95% CI)

Donations HIV % Donations HIV %

2002 14,365 1.55 58,642 0.43 3.6 (3.0 – 4.3)*

2003 11,792 1.42 57,301 0.39 3.6 (3.0 – 4.4)*

2004 12,440 1.41 55,343 0.42 3.4 (2.8 – 4.1)*

2005 12,629 1.53 58,074 0.53 2.9 (2.4 – 3.5)*

2006 17,248 0.89 51,262 0.41 2.2 (1.8 – 2.7)*

2007 9,094 1.00 42,872 0.27 3.7 (2.8 – 4.8)*

2008 12,477 1.14 36,347 0.37 3.1 (2.5 – 3.9)*

2009 14,661 0.95 27,293 0.51 1.9 (1.5 – 2.4)*

2010 11,352 1.88 47,561 0.47 4.0 (3.3 – 4.8)*

Total 2002-2010 116,058 1.29 434,695 0.42 3.1 (2.9 – 3.3)*

* p < 0.0001

Figure 1. Blood collection (national) trends in first-time (dry pack) and repeat (wet pack) do-
nations, 2002 to 2010
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Over the 9 years the overall HIV prevalence estimates are 1.29% (range, 0.89%-
1.88%) and 0.42% (range, 0.27%-0.53%) for first-time and repeat donations, 
respectively. The overall RR was 3.1 (95% CI, 2.9-3.3; p < 0.0001) with RR ranging 
from 1.9 to 4 (Table 1). Thus, the RR of HIV positivity was 3.1 in blood donations 
from first-time relative to blood donations from repeat donors. Between 2002 and 
2009, there was a significant decreasing trend in HIV seroprevalence (Cochran-
Armitage test for linear trend, χ2 = 37.01, p < 0.0001) in first-time donors. When we 
added the 2010 data, which shows a sharp upward trend in HIV prevalence from 
0.95% (2009) to 1.88% (2010) the linear trend was marginally significant (Cochran-
Armitage test for linear trend, χ2 = 4.20, p = 0.04). In repeat donations from 2002 
to 2010 there was no significant linear trend in HIV prevalence (Cochran-Armitage 
test for linear trend, χ2 = 0.14, p=0.7082). The trends in HIV are shown in figure 2.

Figure 2. HIV trends (national) in first-time (dry pack) and repeat (wet pack) donations, 2002 
to 2010

From 2002 to 2010, the mean residual risk for HIV transmission in first-time do-
nations was 1:7384 (range, 1:11,308 – 1:5356). In 2002, the highest residual risk 
was recorded as 1:5356 and in 2010 the risk was 1:5714 and this corresponded 
to the highest HIV prevalence recorded during the same year. However, this risk 
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was averted, as these units are deliberately not channeled towards blood supply 
system. In the repeat blood donations, the mean residual risk of transmission was 
1:5496 (range, 1:9943–1:3347). The highest risk of 1:3347 recorded in 2009 was 
the same period when the lowest number of repeat collections of 27,293 (65%) 
was recorded. On average the residual risk in first-time was 0.8 times (range, 0.3-
1.3) lower than the residual risk estimated in repeat donations. Table 2 and figure 
3 show the data on the HIV residual risk estimates.

Figure 3. HIV Residual Risk (per 100,000 donations) trends in first-time (dry pack) and repeat 
(wet pack) donations (national), 2002-2010

When we further analyzed (data not presented) and compared the residual risk 
estimates in repeat donors in wet and dry packs we noted that there was a high 
residual risk in repeat donors who were dry packed (mean, 1:2538 vs. repeat, 
wet packs 1:5496 and first-time, dry packs 1:7384). We also further analyzed the 
overall data for all new donors (n = 242,739, 44% of total donations) by age groups 
irrespective of the pack type used. The overall residual transmission risk in the 
age groups 16-20 (n = 213,160), 21-29 (n = 20,998), 30-39 (n = 5343), 40-44 (n = 
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1246) and above 44 (n = 1992) were 1:16,068; 1:4758; 1:2143; 1:2242 and 1:4972, 
respectively.

DIsCUssIon

On blood collections it was noted that in 2010, there was a dramatic 74% increase 
in repeat blood donations and possible explanation for this is that Zimbabwe was 
recovering from the 2008 and 2009 worst operational era. Consequently, NBSZ was 
targeting to increase its repeat blood collections, which had reduced to 27,293 in 
2009. This was aimed at ensuring that there will be sufficient usable blood to fulfill 
the anticipated increased blood demand for maternity supported programs.

In the study period, the overall HIV prevalence in blood donations from first-
time donors was significantly higher (1.29%) than the HIV in blood donations from 
repeat donors (0.42%). This is indicative of the usefulness of the policy of using dry 
packs in the HIV risk management in Zimbabwe. In both first-time and repeat blood 
donations, the HIV seroprevalence is lower than that in the general population,3,4 
which indicates the efficacy of donor motivation and selection procedures by NBSZ. 
The reasons for the HIV upsurge in 2010 in dry packs cannot be discerned now and 
is an area for further investigations.

Over the 2002 to 2010 period, the overall residual risk estimate in first-time 
donations was 1:7384 and in repeat donations it was 1:5496. The data seem to sug-
gest that the residual risk estimates in first time and repeat are comparable. This 
finding is consistent with the findings of Shang and coworkers23 who find a lower 
residual risk in first-time among Shenzhen blood donors, which is quite in contrast 
with Western blood donor populations. They speculated that this might be due 
to differing donor demographics and donation motivations in the population they 
studied. In Zimbabwe, just like Shenzhen the donor population is relatively young 
with 70% of donations coming from donors aged 16 to 20 years, which differ mark-
edly with, say Australia with median donor age of 44 years.23 The young donors 
are generally considered highly mobile and prone to risky behaviors that may have 
the consequence of equilibrating the risk profile of first-time and repeat donors. 
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As shown in figure 3, between 2006 and 2009 there was notable elevated residual 
risks in repeat donors over this period, which corresponds to the Zimbabwean 
harsh socioeconomic environment, which was also affecting donor recruitment 
and blood collections. This may have resulted in some donors ordinarily regarded 
as high risk having their blood collected in wet packs in an effort to ensure blood 
adequacy, hence contributing to the upward residual risk observed. The use of 
dry packs for other reasons other than HIV risk may also have contributed to the 
dilution effect. As argued by Shang and colleagues23 it may as well be reflective of 
the fact that repeat donors in developing countries such as Zimbabwe fail to deliver 
the premium of “lowered risk” that is found in Western donor populations. These 
findings have implications for NBSZ to consider other risk management strategies 
including considerations for implementing more sensitive tests such as NAT so as 
to further safeguard the blood supplies in Zimbabwe.

An independent report (R.Y. Dodd, S.E. Lloyd, R.K. Shamu, J. Emmanuel, D.A. 
Mvere, “Management of risk of HIV transmission by blood transfusion in Zimba-
bwe,” 1995-96) on the study conducted among blood donors in Zimbabwe between 
July 1, 1993, and June 31, 1995, reported the HIV prevalence and incidence rates 
of 9.6% (95% CI, 9.2%-10.0%) and 0.56% (0.51%-0.61%), respectively. The residual 
risk of infection from blood supply was reported as 1:3670 (1:4268–1:3,157). The 
percentage reduction of prevalence from 9.6% (1993-1995) to 1.29% (2002-2010) 
in dry packs is quite remarkable. The incidence rate reduced from 0.59% to 0.42% 
(crude rate, Table 1) over the same period. The residual risk in 1993 to 1995 of 
1:3650 is higher than the current estimated residual risk of 1:5496 (repeat do-
nations) in total of 2002 to 2010. This reflects positive gains in reducing residual 
risk by NBSZ under difficult circumstances and this provides the much-needed 
confidence in the blood supply. The selected residual risk model by Schreiber and 
coworkers25 used in this study for the repeat donors requires NAT screening, which 
is currently not performed in Zimbabwe. There are also other available published 
residual risk models for first-time donors23 and these may need to be considered 
in further refining the provided residual risk estimates in Zimbabwe. It is recom-
mended that sensitivity analysis of residual risk estimation models be applied to 
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blood donor data in Zimbabwe. The reported residual risk estimates need to be 
cautiously interpreted in light of these limitations.

We note the apparent differences in the conclusions based on prevalence and 
residual transmission risk in first-time and repeat donors (figures 2 and 3). While 
it is quite evident from the prevalence data that the dry pack HIV prevalence is 
always above the HIV prevalence in repeat donors (RR, 3.1; p < 0.0001), a different 
pattern is exhibited for the residual transmission risk especially for period 2006 
to 2009 for the reasons postulated above. It can be concluded that in addition 
to monitoring prevalence data the residual transmission risk data is also vital to 
ensure a balanced decision-making process. The high residual risk estimates in 
repeat donors in dry packs (1:2538 versus, repeat wet packs 1:5496) seems to 
suggest that when appropriately applied, the dry pack policy is an effective risk 
management strategy. This is further supported by the fact that there is a 7-fold 
increase of residual risk in new donors in the age groups 30 to 39 years (1:2143) 
and 40 to 44 years (1:2242) compared to the age group 16 to 20 years (1:16,068). 
In the age groups 20 to 29 years (1:4758) and above 44 years (1:4972) we observed 
a threefold increase in residual risk compared to the new donors in the age group 
16 to 20 years. The comparable residual risks observed in the age group 20 to 29 
and older than 44 years were not expected and the dry pack policy may need to be 
reviewed in line with these results. The stratified analysis by age groups provides 
evidence of the need to review the application of different policies to new donors. 
However, we note that 88% of all the overall new donors are in the age group 16 to 
20 years and this should be considered when interpreting these results. Although 
the NBSZ developed its window period risk algorithm in 1994, its use to evaluate 
key policies such as dry pack policy has been limited although the overall window 
period risk estimates are routinely reported in its Annual Reports.

In a high-HIV-prevalence setting such as Zimbabwe the use of appropriate donor 
selection methods complemented with advanced testing technologies will improve 
blood safety. In South Africa where the HIV prevalence in the general population 
is 11.4%,26 the South Africa National Blood Service reported their residual risks in 
first-time and repeat donors as 1:25,641 (3.9/100,000 donations) and 1: 40,000 
(2.5/100,000 donations), respectively based on study by Heyns and coworkers.26 
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After individual-donation NAT introduction in 2005, the South Africa National 
Blood Service reported27 that the residual transmission risk of window phase dona-
tions was estimated at 1:479,000, which indicates enhanced blood safety through 
implementation of an advanced testing technology. In a residual transmission risk 
of TTIs study in sub-Saharan Africa by Jayaraman and colleagues28 they estimated 
that the risk of HIV transmission is 1:1000 donations (one infection per 1000 units), 
which is high compared to the Zimbabwean data. This may be indicative of differ-
ent risk management strategies in the sub-Saharan blood services.

The observed significant HIV declining trend in first-time donors and no sig-
nificant trend in repeat donors portrays a mixed message and this needs to be 
properly examined. Zimbabwe, like most developing countries has generalized HIV 
epidemic and the relationship between general and donor population HIV needs 
proper monitoring and evaluation as this impacts the blood safety strategies. It is 
generally accepted that the HIV prevalence in blood donors if cautiously interpreted 
can provide useful insight to the epidemic condition in the general population and 
vice versa.29 We are currently conducting such studies in Zimbabwe, which have 
been undertaken in other settings.30,31

NBSZ through its strengthened blood safety program is aware of its potential 
contribution to the continued fight against HIV and AIDS in Zimbabwe. The WHO 
estimates that up to 3% of HIV infections worldwide are transmitted through the 
transfusion of contaminated blood and blood products.32 However, to date NBSZ 
does not have documented cases of HIV transmission through blood transfusion in 
Zimbabwe. However, we note that the reporting structures for such cases may still 
be underdeveloped in Zimbabwe. This is an area that may still need further atten-
tion in Zimbabwe. One of the key recommended strategies to prevent transfusion-
associated HIV transmission is the appropriate use of blood products.18 Zimbabwe 
developed and published guidelines for prescribing blood,33 which are used to 
educate and guide clinicians on appropriate use of blood and blood products.

The significantly high HIV prevalences recorded in first-time over repeat dona-
tions seems to suggest the effectiveness of the HIV risk management strategy for 
HIV through screening and discarding first-time donations in Zimbabwe. In settings 
where there is high HIV prevalence and other TTIs in the general population, the 
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use of dry pack policy or alternative strategies such as test-tube samples may be 
considered as a useful risk management strategy in blood transfusion. However, 
this should be considered in light of residual risk estimates, which in this study 
indicate comparable residual risk in first-time and repeat donors. We are of the 
view that before policies can be changed further research is warranted. The find-
ings presented in our article justify investing resources in more precise estimation 
of the residual risk between first-time and repeat donors and a rigorous cost-
effectiveness evaluation. Furthermore, there remains uncertainty surrounding the 
numbers of undetected TTIs due to the limited capacity for hemovigilance. Addi-
tionally, the difference in risk of transmission of TTI is unknown between first-time 
and repeat donors. It is also important to ensure that the review of blood safety 
strategies including the application of the dry pack policy needs to be balanced 
with the availability of adequate and constant blood supplies. The policy of collect-
ing dry pack from first-time donors has evolved over years, this article opens the 
discussion whether it should be continued or changed. It is perceived that collect-
ing tubes could attract high-risk donors by suggesting a voluntary counseling and 
testing service and there is potential risk of stigmatization especially in a school 
donor population. Further research could compare the risk profile, incidence, and 
prevalence of collecting tube versus dry packs in first-time or prospect donors. Yet, 
given the potential wastage of valuable resources, future studies should focus on 
the cost-effectiveness and utility of screening and discarding first-time donations34 
in Zimbabwe.
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absTRaCT

Background: Various models for estimating the residual risk (RR) of transmission 
of infections by blood transfusion have been published mainly based on data from 
high-income countries. However, to obtain the data required for such an assess-
ment remains challenging for most developing settings. The National Blood Service 
Zimbabwe (NBSZ) adapted a published incidence-window period (IWP) model, 
which has less demanding data requirements. In this study we assess the impact 
of various definitions of blood donor subpopulations and models on RR estimates. 
We compared the outcomes of two published models and an adapted NBSZ model.

Methods: The Schreiber IWP model (Model 1), an amended version (Model 2) and 
an adapted NBSZ model (Model 3) were applied. Variably the three models include 
prevalence, incidence, preseroconversion intervals, mean lifetime risk and person-
years at risk. Annual mean RR estimates and 95% confidence intervals for each of 
the three models for human immunodeficiency virus (HIV), hepatitis B virus (HBV) 
and hepatitis C virus (HCV) were determined using NBSZ blood donor data from 
2002 through 2011.

Results: The annual mean RR 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.

Conclusions: The adapted NBSZ model provided comparable results to the pub-
lished methods and these highlight the high occurrence of HBV in Zimbabwe. The 
adapted NBSZ model could be used as an alternative to estimate RRs when in set-
tings where two repeat donations are not available.
Keywords Residual risk HIV HBV HCV window period blood safety blood donation 
Zimbabwe
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InTRoDUCTIon

Blood transfusion inherently presents risk for transmission of transfusion transmit-
table infections (TTIs) in spite all the modern advancements in donor selection and 
donations testing.1 This is due to the potential for blood donations to be made in 
the window period (WP) phase, as the screening reagents in use are not able to 
detect early infections. Estimation of this WP risk (residual risk [RR]) is important 
to assist in evaluating the current safety of donated blood and to assess the (cost-) 
effectiveness of proposed improvement in alternative safety strategies.2–6

Several countries have instituted various mechanisms to protect the blood 
supplies from any potential infections through identifying, recruiting and retaining 
low risk populations; screening of all donations in a quality-assured manner, using 
highly sensitive testing assays such as Nucleic Acid Testing (NAT) technologies and 
incorporating pathogen reduction technologies. However, there are differences 
between low-, medium- and high-income countries in how these blood safety 
measures have been implemented and the safety improvements are achieved. The 
World Health Organization regularly provides update reports on the global blood 
safety through the Global Database on Blood Safety, which demonstrates these 
disparities.7

In spite of all safety interventions, WP donations continue to pose risks and 
concerns. Accurate estimation of residual risks allows effective monitoring and 
evaluation of blood safety and development of appropriate mechanisms for risk 
reduction. Various RR estimation models have been published based mainly on 
data from high-income countries. It is important to assess the applicability and 
usability of these models in different settings, especially in low-income countries.

The National Blood Service Zimbabwe (NBSZ) has instituted a number blood 
safety strategies aimed to reduce the risk of transmission of TTI’s through blood 
transfusions. These measures have been previously published. 8–15 Despite these 
interventions the WP risk remains a threat and concern, due to high burden of 
human immunodeficiency virus (HIV) and hepatitis B virus (HBV) in the general 
population and also because NBSZ has not been able to introduce NAT and patho-
gen reduction technologies due to financial constraints. Determining and reporting 
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RR estimates of the main TTIs is critical for the development and justification for 
the implementation of strategies, which will ensure continued blood safety in 
Zimbabwe.

In a recent study provisional HIV residual risk estimates were provided, how-
ever, it was noted that these needed to be refined further. 5 In addition the residual 
risk estimates for HBV and hepatitis C virus (HCV) should be determined, as they 
have not been previously published in Zimbabwe.

Various residual models for estimation the RR for transmission of infectious dis-
eases by blood transfusion (incidence-WP [IWP] risk models) have been developed 
and published mainly based on data from high-income countries,2,3,6,16–20 however, 
to obtain all the required data remains a challenge for most developing countries. 
The NBSZ adapted a IWP risk model developed by Schreiber and colleagues to in-
corporate their existing risk management strategies, meaning that different blood 
donor subpopulations are considered. 3 In this study, the NBSZ RR estimates of 
TTIs based on two previously published models, which use different blood donor 
subpopulations, were compared to an adapted NBSZ model. This provided an op-
portunity to compare the current adapted NBSZ model and assess the applicability 
and usability of the published models in the NBSZ setting.16

MaTeRIals anD MeTHoDs

overall blood donor data

The overall NBSZ blood donor population is defined as the population responsible 
for delivering the usable blood donations for the period 2002-2011. In this popula-
tion we distinguish donation type (new donation or repeat donation) and TTIs (HIV, 
HBV and HCV) results. These data are shown in Table 1(Part I). It is from this overall 
blood donor population that different residual risk models applied to different 
blood donor subpopulations results in different RR estimates. We defined sub-
populations and applied two published risk models and one unpublished adapted 
model being used by NBSZ.
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Published RR models

We considered two published residual risk models, which use different blood do-
nor sub-populations. These two selected residual risk models were applied to the 
infection data available in Zimbabwe.

The first model (referred to as Model 1) is the classical method developed by 
Schreiber and co-workers 3 which uses infections among repeat donors to estimate 
infection transmission risk. This model uses data from repeat donors with at least 
two donations during the study period per year. Thus, to apply this model we define 
the blood donor sub-population as all blood donors with at least two donations 
within the study period per year (new donations do not contribute to the residual 
risk). The seroconverting donors, person-years at risk, incidence rate and residual 
risk estimates are then obtained as described in their publication. 3 The input data 
for Model 1 is shown in Table 1 (Part II). The HIV WP (using HIV Ab ELISA reagent) 
2002-2006 was 22 days;5 and for 2007-2011 the WP was 17 days (using Abbott 
Diagnostics Architect HIV Ag/Ab Combo assay). 5 In the same period the WPs for 
HBsAg was 43.6 days (Abbott ELISA) and 38.3 days (using Abbott Chemi-iluminiscent 
Immunoassay] respectively; and 66 days for HCV-antibodies (2002-2011). 2

The second model (Model 2) used prevalence and incidence data as described 
by Shang and colleagues. 2 This model calculates the RR of repeat and new donors 
separately and combines the results into an overall RR estimate, adjusting for the 
relative proportion of donation types. The parameters for Model 2 are the median 
preseconversion interval (I) as determined for each year (Table 1, Part I) and mean 
lifetime risk (LTR), estimated to be 10 years for HIV, 30 years for HBV and 30 years 
for HCV, for Zimbabwe, which is accepted as being similar to China. 2 In this model, 
the defined blood donor subpopulation uses both the repeat and new donations. 
The data used are provided in Table 1 (Part I). The RR estimates were calculated 
directly as described by Shang and colleagues, which does not require one to first 
determine the incidence rates. However, to be complete for the incidence esti-
mates provided in Table 2 for all models, we performed back calculations from RR 
by multiplying with the inverse of the estimated window period for the Zimbabwe 
setting to get the reported incidence estimates for Model 2.
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adapted nbsZ RR model

The adapted NBSZ RR model (Model 3) is based on the IWP risk model developed 
by Schreiber and co-workers 3, adapted to Zimbabwean data and context. Modi-
fications are the following: 1) the number of incident cases are obtained from all 
repeat donors in the study period per year (as opposed to being restricted to 
only those who have had at least two repeat donations, which is the criterion for 
inclusion in the original model); and 2) the person-years at risk are obtained by 
multiplying the total number of donations by the average inter-donation interval 
as opposed to the sum of all interdonations intervals. The latter permits estimation 
in cases where detailed information on inter-donation intervals in the study period 
are unavailable. 5,21 In our study we have used the actual interdonation intervals as 
derived in Model 1 but this is not a key requirement for the application of Model 
3. This Model 3 was initially applied for HIV only, but was then extended to also 
estimate HBV and HCV residual risks. A detailed description of the NBSZ RR model 
is provided in the appendix.

Statistical comparison estimates using the three models

For each of the three viral markers, the annual mean incidences and RR estimates 
were obtained. Confidence intervals (CIs) were determined by first calculating the 
prevalence and incidence rates for each viral marker. As these estimates form the 
ratio of the number of infections and the total population size, the uncertainty in 
these estimates follow a Beta distribution. 22 The 95% CIs of the ratio estimates were 
calculated as the 95% CI of the corresponding Beta distributions, thus based on the 
number of infections and the population size, and propagated through various risk 
models. It should be noted that by definition incidence rate estimates follow a 
Chi-square distribution. 23 However, it can be shown that for in the current applica-
tion (where the denominator is large) the relative error of the differences in these 
estimates is negligible (<0.1%). The risk estimates and CIs were shown graphically 
to allow assessment of model outcome comparability over the study period. This 
allows judgment as to what extent observed differences are due chance, or are the 
result of differences in the method of estimation.
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Data source and software used

The national data of usable blood donations from 2002 to 2011 was used. NBSZ’s 
centralized database 5 was used to retrieve the data and STATA version 13.1 (Stata 
Corporation, 4905 Lakeway Drive, College Station, Texas 77845, USA) was used 
for the TTI analysis. Microsoft Excel (MS Office Professional Plus 2010, Excel ver-
sion 14.0, Microsoft Corporation, One Microsoft Way Redmond, WA 98052-7329 
USA) was used for the residual risk estimation and graphs. The GraphPad Prism 6 
(GraphPad Software, Inc., 7825 Fay Avenue, Ste. 230 La Jolla, CA 92037, USA) was 
also used to produce some of the graphs.

ResUlTs

Overall blood donations and TTI data

Between 2002 and 2011, 494,959 units of usable blood was donated, of which 56% 
was from repeat donors (276,776) and 44% from new blood donors (218,183). The 
overall proportion of serologically test positive donations for HIV, HBV and HCV 
were 0.17%, 0.24% and 0.04% respectively in repeat blood donors; and 0.66%, 
1.91%, and 0.14% in new blood donors. The annual TTI data in blood donors are 
presented in Table 1 (Part I), which also shows the various subpopulation data 
used in the three models, as detailed under Materials and Methods.

RR estimates

For the 10-year study period, the annual mean incidence rates and 95% CI per 
100,000 person-years for Models 1 through 3, respectively, are as follows: HIV - 289 
[163; 453], 323 [241; 419], 294 [179; 498]; HBV - 460 [297; 662], 448 [355; 555], 
560 [408; 891]; and HCV - 58 [17; 142], 37 [15; 73], 71 [19; 172] as shown in Table 
2.

Over the same period, the annual mean RR estimates and 95% CIs for Models 1 
through 3 respectively, were as follows: HIV - 1 in 6542 [10,000; 4000], 5805 [7143; 
4348] and 6418 [10,000; 3847]; HBV - 1 in 1978 [3031; 1352], 2027 [2500; 1613] 
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and 1628 [2273; 1042]; and HCV - 1 in 9588 [25,000; 3704]; 15,126 [25,000; 7143] 
and 7750 [25,000; 3125], as shown in Table 3.

The figure 1 and figure 2 show annual RR estimates for HIV and HBV respec-
tively in Zimbabwe per year based on the application of the three RR estimation 
models using different donor subpopulation definitions. The graphs indicate com-
parable RR estimates from each of the three models in the study period. Note that 
the CIs generally do overlap, implying no statistical evidence to suggest that these 
RR estimates differ. However, the HCV estimates (graph not shown, see Table 3) 
using the three models provides variable estimates in 2008 (Model 1 resulted in 0 
infections per 100,000 donations while Model 2 and 3 risk estimate was similar at 
20 infections per 100,000 donations) and in 2009 the RR estimates were 20, 1 and 
32 infections per 100,000 donations, respectively, using Models 1 to 3.

Figure 1: RR estimates for HIV in Zimbabwe per year (2002 – 2011) for the three models.
NB: Model 1 – Schreiber and co-workers3 ; Model 2 – Shang and colleagues2 ; Model 3 - adapt-
ed NBSZ model
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Figure 2: RR estimates for HBV in Zimbabwe per year (2002 – 2011) for the three models.
NB: Model 1 – Schreiber and co-workers3 ; Model 2 – Shang and colleagues2 ; Model 3 - adapt-
ed NBSZ model
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4

DIsCUssIon

Three different risk models, using different definitions for blood donor subpopula-
tions, were used in this study to estimate the risk of infection transmission by blood 
transfusion in the NBSZ. These three models resulted in comparable residual risk 
estimates. The adapted NBSZ model (Model 3) has not been published, however, 
this paper demonstrates that it can potentially be applied as an alternative for 
residual risk estimation in similar settings as Zimbabwe if results can be replicated 
in similar study settings.16

The comparable performance of the models, particularly for HIV and HBV, is 
an accurate reflection of blood donor characteristics in the Zimbabwean setting, 
which consists on average of 56% repeat blood donors (regular donors) and 44% 
new blood donors. This may, in part provide an explanation as to the similar per-
formance of Model 2 and Model 3, which include the majority of all blood donors 
in the data profile. As the data include 56% repeat donors, this provides sufficient 
evidence to justify an accurate estimate of the RR, which is consistent with Model 
1, the classical method, requiring at least two donations within the study period. 
About 80% of all blood collections in Zimbabwe are from mobile collections sites, 
which demands that retention of repeat blood donations are dependent on recruit-
ment of dedicated blood donors and regularly returning to the same institutions on 
an annual basis. NBSZ’s strategy is designed to ensure visits to every collection site, 
at least twice a year, which optimises the rate of repeat donation, as demonstrated 
by the results of Model 1.

For the year 2008, is was not possible to obtain a good HCV risk estimate with 
Model 1: 0 infections per 100,000 donations instead of 20 infections per 100,000 
donations for the other two models. This was due to the inability of NBSZ mobile 
collection teams to visit individual collection sites twice, attributed to the national 
financial crisis at the time, which reduced the number of repeat blood donors.

Application of alternative risk models has demonstrated comparable results in 
this study and provides NBSZ with confidence in using the obtained estimates to 
guide the current and future blood safety strategies in Zimbabwe. 5 The residual 
risk estimates also serve as baseline reference values for future work involving 
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residual risk estimation in Zimbabwe and allow the estimates to be refined as 
updated models become available or as justification for new and more sensitive 
and specific testing technologies are introduced, such as NAT Testing.

The RR estimates for Zimbabwe are low, when compared to the majority of 
blood services in Sub-Saharan African (SSA) countries, which have moderate levels 
of residual risk estimates (1:1000-100) to high (1:≥100).24,25 However, RR estimate 
for SSA vary greatly as RR estimates for HIV has been estimated to be as low as 1 in 
29,000 donations in one publication.17 South African National Blood Service (SAN-
BS), which implemented NAT testing, report RR estimates since using ID (Individual 
Donation)-NAT for HIV, HBV, and HCV at 1:479,000, 1:61,500, and 1:21,000,000 
respectively.26 This demonstrates importance of determining RR estimates and the 
introduction of implementation of appropriate technologies, especially in a high 
disease burden settings, where the increase in the costs incurred are outweighed 
by the benefits of patient safety and well-being. Evidenced based data can be 
used to create advocacy tools for National Health Authorities and justification for 
required measures to ensure the blood safety.

The variation found in various studies estimates may be a reflection of the ap-
plication of different RR models, data quality, or differences in study coverage. All 
these factors will ultimately compromise the full understanding of the actual status 
and attempts to monitor and evaluate the effectiveness blood safety measures in 
SSA countries. This study provides a justification for the use of comparable residual 
risk models for use by regional health authorities, policymakers and decision mark-
ers. 25 Blood Safety projects should include residual risk estimates as an indicator 
tool for monitoring and evaluation in the programme management, to comple-
ment current measures for tracking sero-prevalence trends. The Africa Society for 
Blood Transfusion (AfSBT) has commendably included RR assessment for blood 
establishments as part of its stepwise accreditation programme 27 and research 
initiatives 28–30 to promote and standardize the residual risk estimation in blood 
services in the region.

We note that there is no universally accepted RR classification and there is a 
risk classification proposed by Calman,24 which could be considered for adoption. 
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This RR classification was adopted by the Australian Red Cross Blood Service, which 
uses four published risk models, to determine RR estimates.31

The use of three models in this study identifies the challenges inherent in RR 
modelling. This is an opportune time for blood services to agree on a generic model 
(s), which can be used for estimating RR. Van Hulst and colleagues 20 and the online 
EUFRAT tool32,33, have demonstrated the importance of such a tool, especially for 
new and re-emerging infectious agents.

Each of the models applied in this study has strengths and weaknesses. To 
apply the classical method of Schreiber and colleagues (Model 1) would require 
blood settings to have strong data management systems and at least two repeat 
donations. This may be a challenge for most blood settings in the SSA. We found 
Model 2 also equally easy to get the required data, though getting preseroconver-
sion intervals may not be easy for most blood settings in developing countries. 
The adapted NBSZ’s Model 3, is relatively simple and easily applied. However, the 
model requires implementation of a specific safety risk classification based on 
donation frequency, which is not a worldwide standard and is currently not readily 
available in blood establishment information management systems. The adapted 
NBSZ model allows estimating the incidence in new blood donors, based on the 
incidence in repeat donors, using comparative groups by age. In all three methods, 
100% infectivity is assumed, with an absence of immunity by the patient.

This study highlights the problem of determining residual risk for HBV in Zimba-
bwe, which will be similar in nearly all countries in SSA 25,34 and demonstrates the 
importance of a national immunisation strategy for HBV in infants and the general 
population. The risk factors for the high levels of HBV in the general population are 
significantly influenced by socio-economic factors, however prevention through 
immunisation is achievable. 18 Consideration of pre-donation screening for HBV in 
all potential new donors in age groups with a high prevalence of HBV, 2 will reduce 
the costs in collecting blood, which will need to be discarded. About 44% of all 
donations in Zimbabwe are from new donors and almost 70% of these are in a high 
residual risk category for HBsAg. Our results indicate that HCV is, at present at very 
low prevalence rates, in the blood donor population in Zimbabwe.
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In conclusion, the results indicate that the three models based on usage of 
different blood donor sub-population are applicable to Zimbabwean data. The 
adapted NBSZ model, which requires basic data for residual risk estimation can 
be considered as an alternative method in settings with limited data availability. 
The average residual risk estimates, based on the three models, provide a basis 
for NBSZ to determine appropriate strategies and measures, which will ensure the 
safety, adequacy, availability and access to blood and blood components, from low 
residual risk populations. These models will be used to estimate the viral markers 
residual risk for the new technologies implementation such as NAT testing, and 
pathogen reduction, 16,24,35,36 as these need to be implemented as a priority if the 
safety and protection of patients is to be ensured in Zimbabwe. The residual risk 
estimates from this study will be used as data inputs for cost-effectiveness analyses 
for these interventions, which will need to be weighed against ethical and moral 
obligations of patient safety. 37,38
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aPPenDIx

Description of blood donor sub-population data used for adapted NBSZ model 
(Model 3)

INCIDENCE RATES (IR)

Stage 1: repeat donations - The first stage defines the incidence of new infections 
based on repeat donor’s data per year. The NBSZ donor risk classification used, has 
been describe by Mapako and co-workers. 5 All donors donating once in the previ-
ous twelve months were considered repeat donors. The repeat donors provided 
the denominator (A) for total repeat donations. All confirmed TTI marker-reactive 
donors were classified using the standard NBSZ TTI testing algorithm. 5 A look back 
determined whether, or not, a prior donation was TTI marker positive. Only those 
donations a with prior TTI marker negative result were classified as seroconvertors 
and denoted (B). The overall TTI marker positivity (D1) was obtained by dividing the 
number of seroconvertors by the total number repeat donations (b/a).

Stage 1.1: new infections for repeat donations collected in schools and colleges 
– This stage provided proxy estimates (separated into males and females) of TTI 
marker positives in new donors in schools and colleges of education in the age 
group 16-20 years, who donated usable blood. 5 An assumption was made that 
the incidence in new donors can be made using data from repeat donations from 
an equivalent age group. The number of repeat donations in the age group 16-20, 
from donors attending school or educational college, classified by the denominator 
(P). The data was separated into males (Pm) and females (Pf). The numerator (S) 
was applied to the number of TTI marker positive donors and the denominator 
separated into males (Sm) and females (Sf). TTI marker positive donations were 
calculated for males (D2m) and females (D2f) as described in stage 1.

Stage 2: Defining the population of usable blood donations - Only donations 
from repeat blood donors of usable repeat blood donations (U1), collected into 
blood bags with anticoagulant (wet packs) were counted. Those with possible risk 
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factors and classified as for discard, collected into blood packs without antico-
agulants (dry packs) were not counted. Blood donors, in the age group 16-20 at 
schools or educational colleges, who have not donated within the previous twelve 
months and all new donors were count separately and separated into males (Um) 
and females (Uf).

RESIDUAL RISK (RR)

Stage 3: Calculate the risk– The residual risk calculation was made by multiplying 
IR, by WP from the usable blood population at risk.

The total usable blood donations (U1 + Uf + Uf) were multiplied by the average 
inter-donation intervals (I_a), expressed as a fraction of a year to determine the 
total person-years (Utot) at risk. An assumption is that the total observation time 
can be estimated from the number of usable donations, which have been summed 
to obtain the total residual risk (RRtot) per 100,000 donations.
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absTRaCT

Background: The EUFRAT (European Up-Front Risk Assessment Tool) was devel-
oped as an online risk assessment tool (http://eufrattool.ecdc.europa.eu) to help 
decision-makers assess the transmission risk of emerging infectious diseases (EID) 
through blood transfusion. The aim of this study is to extend the methodology 
developed in the EUFRAT project to quantify the transfusion transmission (TT) risk 
from travelling donors.

Methods: A generic model for estimating the TT risk from a group of travelling 
donors that visited an EID risk area was developed. In addition, the new model dis-
tinguishes projected future transmissions from those that have already occurred. 
As an illustration the model was applied to the outbreaks of chikungunya in Italy in 
2007 and Q fever in the Netherlands in 2007-2009.

Results: Formulas for calculating the travelling donors’ TT risk were derived. 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, in which 
the transmission of chronic Q fever is considered, even at the end of the third 
annual outbreak’s peak 47% of all (chronic) Q fever transmissions could still be 
prevented.

Conclusions: The updated model allows estimation of the infection transmission 
risk from travelling donors. In combination with the distinction between past and 
future transmissions, these estimates provide valuable information to support 
decisions concerning communication with the public and/or the implementation 
of safety interventions.

Keywords: Travellers’ risk, Transmission risk, Emerging infectious diseases, Blood 
transfusion
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baCKGRoUnD

Trends in globalisation have brought increased blood safety concerns as popula-
tion members (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 infections to their home countries. Blood safety concerns for emerging 
infectious diseases (EID) are identified and documented extensively in the litera-
ture.1–4 Currently available travellers’ risk models focus mainly on the probability 
of travellers acquiring an infection when visiting high-risk areas,5–7 but do not link 
this information directly to its implications for the risk of transmission by (blood) 
donors.

Several blood establishments have travel risk policies for donors who report 
having visited EID risk areas.2,4,6,8–10 Variation in existing policies may be an indica-
tion 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) project2 developed and launched an online risk 
assessment tool11 to help decision-makers assess the EID 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 (TT) risk from travelling donors.

The aim of this study was to extend EUFRAT to characterise and model the risk 
of disease transmission from travelling donors to blood safety. We propose generic 
formulas for calculating the risk of transmission taking into account transfusions 
that have already occurred by the time of observation (past transmissions), and the 
projected (future) transmissions from travelling donors. The method was applied 
to the chikungunya outbreak in Italy2,10 and the Q fever outbreak in the Nether-
lands12, 13 that have previously been analysed using EUFRAT for the TT risk among 
the local residents. We chose the chikungunya and Q fever examples to illustrate 
risk estimates for a disease with a short and a long infectious period.
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MeTHoDs

Deriving the travellers risk model

For the quanti fi cati on of the risk of infected donati ons from travellers who visited 
an EID risk area, a number of defi niti ons are required. These relate to (1) the trans-
mission in the EID risk area (number of infecti ons noti fi ed, durati on of observati on, 
populati on size), (2) the infecti on (durati on of the infecti ous period, proporti on 
of symptomati c and chronic infecti ons), and (3) the travelling donor populati on 
(number of travellers, durati on of visits, donati on frequency). Next, based on these 
defi niti ons, formulas for the expected number of transmissions by blood transfu-
sion from travellers were derived. A disti ncti on is made between transmissions that 
have already occurred by the end of the observed outbreak (past transmissions) 
and for transmissions yet to occur (future transmissions).

The model of a travelling donor entering a risk area, his exposure, infecti on and 
his infecti ous period is illustrated in Figure . A summary of parameters used in the 
model is given in Table . Details on the derivati on of the formulas can be found in 
the Appendix.
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Figure 1: Modelling travellers’ risk when visiting a risk area.  

The key features to note are that travellers’ exposure varies depending on the time of 
entry (𝑡𝑡𝑒𝑒) in relation to the start and end of the observation (𝑡𝑡 = 0, 𝑡𝑡 = 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐷𝐷𝑜𝑜). 
Transmission risk is further affected by the time of getting infected (𝑡𝑡𝑖𝑖), and the time 
of donating (𝑡𝑡𝑥𝑥) after the travellers’ return to their home country. Transmission will 
only occur if donation takes place within the remaining infectious period (𝐷𝐷𝑥𝑥). Other 
factors considered are the duration of the visit 𝐷𝐷𝑣𝑣, the duration of infectivity 𝐷𝐷𝑖𝑖, and 
the duration of the observation 𝐷𝐷𝑜𝑜. Returning donors who have already donated at the 
end of observation 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜 (past transmissions) can obviously not be prevented. 
Transmissions that are yet to occur (future transmissions) can be prevented by 
implementing additional safety interventions. 

 

Table 1- Description of model parameters and their values used in estimating 

travellers transmission risks for the respective chikungunya 2,10 and Q fever 12 

outbreaks. 
Symbol Dimension Description Chikungunya Q fever 

𝐼𝐼   - Number of infections: 

number of infections in the 

risk area. 

247 837 

𝑁𝑁 - Population size: the size of 

the local population in the 

risk area. 

3,977,508 55,725 

Figure 1: Modelling travellers’ risk when visiti ng a risk area.
The key features to note are that travellers’ exposure varies depending on the ti me of entry 
(te) in relati on to the start and end of the observati on (t = 0, t = tobs = Do). Transmission risk 
is further aff ected by the ti me of getti  ng infected (ti), and the ti me of donati ng (tx) aft er the 
travellers’ return to their home country. Transmission will only occur if donati on takes place 
within the remaining infecti ous period (Dx). Other factors considered are the durati on of the 
visit Dv, the durati on of infecti vity Di, and the durati on of the observati on Do. Returning donors 
who have already donated at the end of observati on tobs (past transmissions) can obviously not 
be prevented. Transmissions that are yet to occur (future transmissions) can be prevented by 
implementi ng additi onal safety interventi ons.
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We consider the situation in which a traveller enters an area with ongoing trans-
mission of an infectious disease (which we refer to as “risk area”) at time te, where 
he remains for a time period Dv after which he returns to his home country. If he 
becomes infected he will remain infectious for a period Di, and in case he donates 
within this time period upon returning home, he is expected to transmit the infec-
tion acquired. Thus, the exposure of the traveller begins upon entering the risk 
area at te, and lasts for a period Dv. Because we are interested in the donations 
made by the traveller after the end of his visit Dv, the time being infectious while 
able to donate is defined as the time interval from te + Dv to ti + Di. Let us call this 
interval Dx(ti + Di – te – Dv), which is relevant for transfusion transmission. All time 
intervals are presumed to be non-negative.

We assume that transmission in the area during the risk assessment can be 
characterised by a constant incidence rate 
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*Fictive parameter values or assumptions.  

We consider the situation in which a traveller enters an area with ongoing 

transmission of an infectious disease (which we refer to as “risk area”) at time 𝑡𝑡𝑒𝑒, 

where he remains for a time period 𝐷𝐷𝑣𝑣 after which he returns to his home country. If 

he becomes infected he will remain infectious for a period 𝐷𝐷𝑖𝑖, and in case he donates 

within this time period upon returning home, he is expected to transmit the infection 

acquired. Thus, the exposure of the traveller begins upon entering the risk area at 𝑡𝑡𝑒𝑒, 

and lasts for a period 𝐷𝐷𝑣𝑣. Because we are interested in the donations made by the 

traveller after the end of his visit 𝐷𝐷𝑣𝑣, the time being infectious while able to donate is 

defined as the time interval from 𝑡𝑡𝑒𝑒 + 𝐷𝐷𝑣𝑣 to 𝑡𝑡𝑖𝑖 + 𝐷𝐷𝑖𝑖. Let us call this interval 𝐷𝐷𝑥𝑥(𝑡𝑡𝑖𝑖 +
𝐷𝐷𝑖𝑖 − 𝑡𝑡𝑒𝑒 − 𝐷𝐷𝑣𝑣), which is relevant for transfusion transmission. All time intervals are 

presumed to be non-negative. 

We assume that transmission in the area during the risk assessment can be 

characterised by a constant incidence rate 𝜆𝜆 = 𝐼𝐼
𝑁𝑁𝐷𝐷𝑜𝑜

, where I is the number of 

infections notified in the time interval 𝐷𝐷𝑜𝑜 corrected for underreporting, N is the size of 

the population at risk, and 𝐷𝐷𝑜𝑜 is the period of transmissions observed. For a 

transmission where the incidence rate varies over time, the risk can be estimated for 

smaller 𝐷𝐷𝑜𝑜 intervals with varying incidence rates. These varying incidence rates can 

be modelled as a series of individual small outbreaks of which the results can be 

subsequently aggregated. We next assume that the incidence rate can be interpreted as 

a proxy for the force of infection to which a susceptible traveller is exposed, that a 

donor will be infected only once during his visit, that the infection risk is proportional 

to the duration of stay in the risk area, that τ is the number of donors per unit time 

travelling to the risk area, that 𝜑𝜑 is the donation rate (which is one divided by the 

length of the inter-donation interval 𝐷𝐷𝑑𝑑), and that each donation made by each 

infected donor upon returning home results in one infected recipient. The total 

number of transmissions from travelling donors (𝑁𝑁𝑣𝑣) is (in case 𝐷𝐷𝑖𝑖 ≥ 𝐷𝐷𝑣𝑣) equal to: 

𝑁𝑁𝑣𝑣 = ∫ ∫ ∫ 𝜏𝜏𝜆𝜆𝜑𝜑
𝑡𝑡𝑖𝑖+𝐷𝐷𝑖𝑖

𝑡𝑡𝑥𝑥=𝑡𝑡𝑒𝑒+𝐷𝐷𝑣𝑣
𝑑𝑑𝑡𝑡𝑥𝑥𝑑𝑑𝑡𝑡𝑖𝑖

𝑚𝑚𝑖𝑖𝑚𝑚(𝐷𝐷𝑜𝑜,𝑡𝑡𝑒𝑒+𝐷𝐷𝑣𝑣)

𝑡𝑡𝑖𝑖=𝑚𝑚𝑚𝑚𝑥𝑥(𝑡𝑡𝑒𝑒,0)
𝑑𝑑𝑡𝑡𝑒𝑒

𝐷𝐷𝑜𝑜

𝑡𝑡𝑒𝑒=−𝐷𝐷𝑣𝑣
 

1
2 𝐷𝐷𝑜𝑜𝜏𝜏𝜆𝜆𝜑𝜑(2𝐷𝐷𝑖𝑖 − 𝐷𝐷𝑣𝑣)𝐷𝐷𝑣𝑣 =

𝐷𝐷𝑣𝑣𝜏𝜏
𝑁𝑁 𝐼𝐼𝜑𝜑 (𝐷𝐷𝑖𝑖 −

1
2𝐷𝐷𝑣𝑣)             (Eq.1) 

, where I is the number of infec-
tions notified in the time interval Do corrected for underreporting, N is the size 
of the population at risk, and Do is the period of transmissions observed. For a 
transmission where the incidence rate varies over time, the risk can be estimated 
for smaller Do intervals with varying incidence rates. These varying incidence rates 
can be modelled as a series of individual small outbreaks of which the results 
can be subsequently aggregated. We next assume that the incidence rate can be 
interpreted as a proxy for the force of infection to which a susceptible traveller is 
exposed, that a donor will be infected only once during his visit, that the infection 
risk is proportional to the duration of stay in the risk area, that τ is the number of 
donors per unit time travelling to the risk area, that τ is the donation rate (which is 
one divided by the length of the inter-donation interval Dd), and that each donation 
made by each infected donor upon returning home results in one infected recipi-
ent. The total number of transmissions from travelling donors (Nv) is (in case Di ≥ 
Dv) equal to:
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*Fictive parameter values or assumptions.  
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where he remains for a time period 𝐷𝐷𝑣𝑣 after which he returns to his home country. If 

he becomes infected he will remain infectious for a period 𝐷𝐷𝑖𝑖, and in case he donates 

within this time period upon returning home, he is expected to transmit the infection 

acquired. Thus, the exposure of the traveller begins upon entering the risk area at 𝑡𝑡𝑒𝑒, 

and lasts for a period 𝐷𝐷𝑣𝑣. Because we are interested in the donations made by the 

traveller after the end of his visit 𝐷𝐷𝑣𝑣, the time being infectious while able to donate is 
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presumed to be non-negative. 

We assume that transmission in the area during the risk assessment can be 

characterised by a constant incidence rate 𝜆𝜆 = 𝐼𝐼
𝑁𝑁𝐷𝐷𝑜𝑜

, where I is the number of 

infections notified in the time interval 𝐷𝐷𝑜𝑜 corrected for underreporting, N is the size of 

the population at risk, and 𝐷𝐷𝑜𝑜 is the period of transmissions observed. For a 

transmission where the incidence rate varies over time, the risk can be estimated for 

smaller 𝐷𝐷𝑜𝑜 intervals with varying incidence rates. These varying incidence rates can 

be modelled as a series of individual small outbreaks of which the results can be 

subsequently aggregated. We next assume that the incidence rate can be interpreted as 

a proxy for the force of infection to which a susceptible traveller is exposed, that a 

donor will be infected only once during his visit, that the infection risk is proportional 

to the duration of stay in the risk area, that τ is the number of donors per unit time 

travelling to the risk area, that 𝜑𝜑 is the donation rate (which is one divided by the 

length of the inter-donation interval 𝐷𝐷𝑑𝑑), and that each donation made by each 
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number of transmissions from travelling donors (𝑁𝑁𝑣𝑣) is (in case 𝐷𝐷𝑖𝑖 ≥ 𝐷𝐷𝑣𝑣) equal to: 

𝑁𝑁𝑣𝑣 = ∫ ∫ ∫ 𝜏𝜏𝜆𝜆𝜑𝜑
𝑡𝑡𝑖𝑖+𝐷𝐷𝑖𝑖

𝑡𝑡𝑥𝑥=𝑡𝑡𝑒𝑒+𝐷𝐷𝑣𝑣
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𝑑𝑑𝑡𝑡𝑒𝑒

𝐷𝐷𝑜𝑜

𝑡𝑡𝑒𝑒=−𝐷𝐷𝑣𝑣
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2 𝐷𝐷𝑜𝑜𝜏𝜏𝜆𝜆𝜑𝜑(2𝐷𝐷𝑖𝑖 − 𝐷𝐷𝑣𝑣)𝐷𝐷𝑣𝑣 =

𝐷𝐷𝑣𝑣𝜏𝜏
𝑁𝑁 𝐼𝐼𝜑𝜑 (𝐷𝐷𝑖𝑖 −

1
2𝐷𝐷𝑣𝑣)             (Eq.1) 



103

Modelling the risk of transfusion transmission from travelling donors

5

The number of transmissions per infected donor would generally be proportional 
to the donation rate (ϕ) and the duration of the infectious period (Di). For travelling 
donors however, half the duration of the visiting time is subtracted from the infec-
tious period. This makes sense as donors will not be able to donate during their 
visit to the risk area and therefore the infectious period of a visiting donor will on 
average be reduced by half the visiting time.

For those cases where te + Dv < tobs, a fraction of the total number of infected 
donations are expected to have already been made at the time of observation 
tobs. Such transmissions cannot be prevented any more. The remaining fraction, 
however, can potentially be prevented by an intervention in the blood supply. This 
remaining fraction can be determined by splitting the formula into transmissions 
occurring before tobs (past), and transmissions after tobs(Do) (future):
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The number of transmissions per infected donor would generally be proportional to 

the donation rate (𝜑𝜑) and the duration of the infectious period (𝐷𝐷𝑖𝑖). For travelling 

donors however, half the duration of the visiting time is subtracted from the infectious 

period. This makes sense as donors will not be able to donate during their visit to the 

risk area and therefore the infectious period of a visiting donor will on average be 

reduced by half the visiting time. 

For those cases where 𝑡𝑡𝑒𝑒 + 𝐷𝐷𝑣𝑣 < 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜, a fraction of the total number of infected 

donations are expected to have already been made at the time of observation 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜. 
Such transmissions cannot be prevented any more. The remaining fraction, however, 

can potentially be prevented by an intervention in the blood supply. This remaining 

fraction can be determined by splitting the formula into transmissions occurring 

before 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜 (past), and transmissions after 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜(𝐷𝐷𝑜𝑜) (future): 

𝑁𝑁𝑣𝑣 = ∫ ∫ 𝜏𝜏𝜏𝜏𝜑𝜑(𝐷𝐷𝑜𝑜 − 𝑡𝑡𝑒𝑒 − 𝐷𝐷𝑣𝑣)𝑑𝑑𝑡𝑡𝑖𝑖
𝑚𝑚𝑖𝑖𝑚𝑚(𝐷𝐷𝑜𝑜,𝑡𝑡𝑒𝑒+𝐷𝐷𝑣𝑣)

𝑡𝑡𝑖𝑖=𝑚𝑚𝑚𝑚𝑥𝑥(𝑡𝑡𝑒𝑒,0)
𝑑𝑑𝑡𝑡𝑒𝑒

𝐷𝐷𝑜𝑜

𝑡𝑡𝑒𝑒=−𝐷𝐷𝑣𝑣
+ 

∫ ∫ 𝜏𝜏𝜏𝜏𝜑𝜑(𝑡𝑡𝑖𝑖 + 𝐷𝐷𝑖𝑖 − 𝐷𝐷𝑜𝑜)𝑑𝑑𝑡𝑡𝑖𝑖
𝑚𝑚𝑖𝑖𝑚𝑚(𝐷𝐷𝑜𝑜,𝑡𝑡𝑒𝑒+𝐷𝐷𝑣𝑣)

𝑡𝑡𝑖𝑖=𝑚𝑚𝑚𝑚𝑥𝑥(𝑡𝑡𝑒𝑒,0)
𝑑𝑑𝑡𝑡𝑒𝑒

𝐷𝐷𝑜𝑜

𝑡𝑡𝑒𝑒=−𝐷𝐷𝑣𝑣
 

Thus, the number of future transmissions from travelling donors (𝑁𝑁𝑣𝑣𝑣𝑣) expected at 

𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜 for 𝑡𝑡𝑒𝑒 + 𝐷𝐷𝑣𝑣 < 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜 can be calculated as: 

𝑁𝑁𝑣𝑣𝑣𝑣 = ∫ ∫ 𝜏𝜏𝜏𝜏𝜑𝜑(𝑡𝑡𝑖𝑖 + 𝐷𝐷𝑖𝑖 − 𝐷𝐷𝑜𝑜)𝑑𝑑𝑡𝑡𝑖𝑖
𝑚𝑚𝑖𝑖𝑚𝑚(𝐷𝐷𝑜𝑜,𝑡𝑡𝑒𝑒+𝐷𝐷𝑣𝑣)
𝑡𝑡𝑖𝑖=𝑚𝑚𝑚𝑚𝑥𝑥(𝑡𝑡𝑒𝑒,0)

𝑑𝑑𝑡𝑡𝑒𝑒
𝐷𝐷𝑜𝑜
𝑡𝑡𝑒𝑒=−𝐷𝐷𝑣𝑣

 (Eq.2) 

For situations in which the infectious period is longer than the duration of stay (𝐷𝐷𝑖𝑖 ≥
𝐷𝐷𝑣𝑣), the number of future transmissions (so transmissions that will occur after 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜) is 

equal to: 

𝑁𝑁𝑣𝑣𝑣𝑣 =

{
 
 
 
 𝐷𝐷0 ≥ 𝐷𝐷𝑖𝑖 ≥ 𝐷𝐷𝑣𝑣:

𝜏𝜏𝜏𝜏𝜏𝜏(3𝐷𝐷𝑖𝑖2−𝐷𝐷𝑣𝑣2)𝐷𝐷𝑣𝑣
6𝑁𝑁𝐷𝐷0

𝐷𝐷𝑖𝑖 ≥ 𝐷𝐷0 ≥ 𝐷𝐷𝑣𝑣:
𝜏𝜏𝜏𝜏𝜏𝜏(6𝐷𝐷0𝐷𝐷𝑖𝑖−3𝐷𝐷02−𝐷𝐷𝑣𝑣2)𝐷𝐷𝑣𝑣

6𝑁𝑁𝐷𝐷0

𝐷𝐷𝑖𝑖 ≥ 𝐷𝐷𝑣𝑣 ≥ 𝐷𝐷0:
𝜏𝜏𝜏𝜏𝜏𝜏(6𝐷𝐷𝑣𝑣𝐷𝐷𝑖𝑖−3𝐷𝐷𝑣𝑣2−𝐷𝐷02)

6𝑁𝑁

 (Eq.3) 

As donors can potentially transmit infection long after becoming infected (e.g. in the 

case of chronic infections) the distinction between past and future transmissions can 

be informative. This allows a decision maker to assess the impact of safety 

Thus, the number of future transmissions from travelling donors (Nvf) expected at 
tobs for Dv < tobs can be calculated as:
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For situations in which the infectious period is longer than the duration of stay (𝐷𝐷𝑖𝑖 ≥
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As donors can potentially transmit infection long after becoming infected (e.g. in the 

case of chronic infections) the distinction between past and future transmissions can 

be informative. This allows a decision maker to assess the impact of safety 

For situations in which the infectious period is longer than the duration of stay (Di 
≥ Dv), the number of future transmissions (so transmissions that will occur after 
tobs) is equal to:
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be informative. This allows a decision maker to assess the impact of safety 
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As donors can potentially transmit infection long after becoming infected (e.g. in 
the case of chronic infections) the distinction between past and future transmis-
sions can be informative. This allows a decision maker to assess the impact of 
safety interventions and the necessity for communication of risks to transfusion 
recipients even at the end or (long) after an outbreak has occurred.

In situations where Di < Dv and the infection occurs at the beginning of the 
visit, so within Dv – Di after entering the risk area, the infectious period has already 
passed before the donor returns home and no transmission will occur. This means 
that the duration of exposure with a risk of transmission had length Di instead of 
Dv, and the risk of transmission has to be corrected for the likelihood of an early 
infection. The risk of the donor getting infected in this first period of his visit is 
equal to λ(Dv – Di). Hence the number of (future) infected donors can be calculated 
using Equations 1 and 3 whilst replacing the duration of the visit by the length of 
the infectious period (Di) and noting that the risk is overestimated by a (most likely 
very small) factor 1/(1 – λ(Dv – Di)).

The estimated number of infected donations might have to be adjusted ac-
cording to the proportion of under-reporting of notified cases, according to the 
time that infected donors will actually donate during their infectious period before 
symptom onset (referred to as the critical infectious period in the original EUFRAT 
model), or adapted for the infectivity of the specific transfused product.2 In ad-
dition, if more than one (infectious) product is derived from one donation, the 
number of transmissions will have to be adjusted accordingly.

Application to outbreak data and sensitivity analysis

The travellers’ risk model was applied to the chikungunya outbreak in Italy in 2007.10 
We illustrate the risk for a group of non-Italian travellers, for instance from country 
A, who went to Italy during the outbreak and donate upon return in their home 
country. The analysis was done using the reported weekly number of infections in 
the outbreak region, corrected for the proportion of asymptomatic infection. To 
address the variation in incidence rates over time, the outbreak is modelled as a se-
ries of independent weekly outbreaks; thus the formulas were applied sequentially 
and the resulting estimated transmissions aggregated. To illustrate the sensitivity 
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of the risk estimates to variation in model parameters, the numbers of transfusion 
transmissions were calculated for various values for the duration of stay and for 
the infectious period.

As a second example the Q fever outbreak, which lasted for over a three-year 
period in the Netherlands, was assessed for the transmission risk of chronic Q fever 
in non-Dutch travellers to the Netherlands.12 Note that the infectivity of chronic Q 
fever, in terms of pathogenicity and length of the infectious period, differs from 
that of the acute infection. Also, chronically infected travellers may be less likely 
to donate due to their underlying disease/condition (such as a heart valve abnor-
malities).16,17 Nevertheless, we used chronic Q fever transmission to illustrate the 
risk from an infection with a long infectivity period. It is presumed that 2% of the 
infections progress to a chronic infection with an infectious period of 12 months.

Computer Software

All formulas were derived using Mathematica (version 9.0.1, The Wolfram Centre 
Lower Road, Long Hanborough, Oxfordshire, United Kingdom). The formulas were 
implemented in Microsoft Excel (MS Office Professional Plus 2010, Excel version 
14.0, Microsoft Corporation, One Microsoft Way Redmond, WA 98052-7329 USA) 
for analysis and graphing.

ResUlTs

Application to the chikungunya outbreak in Italy

Weekly chikungunya infections reported during the 15-week outbreak in 2007 in 
Italy were used to estimate the total number of transmissions by blood transfusion 
from travellers to Italy, as well as the expected proportion of future transmissions. 
The number of chikungunya infections was estimated by adjusting the notified 
cases for the proportion of asymptomatic cases (15%); we used the adjusted value 
to allow for a comparison with earlier results. The expected future transmissions 
are shown in Table and Figure for a scenario in which ten travellers per day (τ=10) 
visited the risk area, remaining in the area for seven days each (τ=7). For this 
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scenario, the total cumulative (15 weeks) travellers’ transmission risk is 4.45 per 
million blood donations from travellers to Italy. At the end of outbreak week 7, the 
total number of expected transmissions is 0.85 per million and the proportion of 
future transmissions –given that 19% of all infections were observed by the end of 
week 7– is 41%. Implementation of interventions like stopping blood collection at 
this early stage only would substantially mitigate future transmissions from donors 
that travelled to the risk area.

Table 2- The weekly outbreak notified cases, estimated total number of transmissions by trav-
elling donors, projected future transmissions and proportion of future transmissions resulting 
from current infections based on chikungunya outbreak data in Italy 2007 2,10 for a 7-day visit.

Results
Application to the chikungunya outbreak in Italy
Weekly chikungunya infections reported during the 15-week
outbreak in 2007 in Italy were used to estimate the total
number of transmissions by blood transfusion from travellers
to Italy, as well as the expected proportion of future trans-
missions. The number of chikungunya infections was esti-
mated by adjusting the notified cases for the proportion of
asymptomatic cases (15 %); we used the adjusted value to
allow for a comparison with earlier results. The expected fu-
ture transmissions are shown in Table 2 and Fig. 2 for a sce-
nario in which ten travellers per day (τ= 10) visited the risk
area, remaining in the area for 7 days each (Dv= 7). For this
scenario, the total cumulative (15 weeks) travellers’ transmis-
sion risk is 4.45 per million blood donations from travellers
to Italy. At the end of outbreak week 7, the total number of
expected transmissions is 0.85 per million and the propor-
tion of future transmissions –given that 19 % of all infections
were observed by the end of week 7– is 41 %. Implementa-
tion of interventions like stopping blood collection at this
early stage only would substantially mitigate future transmis-
sions from donors that travelled to the risk area.

Sensitivity analysis
First, the duration of visit was varied. For duration of the
travellers’ visit of 2, 4, and 8 days, the total transmission

risk is equal to 2, 3.4 and 4.5 per million, respectively.
Given that the infectious period is 8 days, the duration of
the visit from 8 days onwards will result in a similar trans-
mission risk for this setting. What can be observed is the
decreasing relative increase in the number of transmis-
sions with increasing visit length as a result of the negative
quadratic term in visit length in Eq. 1. Here one can see
that a four-fold increase in the duration of visit only dou-
bles the risk. Therefore only for (relatively) short visits will
the risk be linear in the duration of visit.
Next, the duration of visit was assessed for an infectious

period of 1 year (365 days). Now the observed transmis-
sion risk becomes 100, 200, 410 and 710 per million for
respective visit lengths of 2, 4, 8 and 14 days. Here it can
be noted that the risk from travelling donors increases al-
most linear with the duration of visit (14/2 × 100 = 700 ≈
710). The proportion of future transmissions at any given
time during and after the outbreak period will be closely
similar for each of these scenarios, as most transmissions
(approximately 87 %) will occur after the end of the ob-
served outbreak.

Application to the Q fever outbreak in the Netherlands
Using the disease parameters from a previous Q fever
study and visit characteristics as provided in Table 1 for
analyses of the chikungunya outbreak, the number of

Table 2 The weekly outbreak notified cases, estimated total number of transmissions by travelling donors, projected future
transmissions and proportion of future transmissions resulting from current infections based on chikungunya outbreak data in Italy
2007 for a 7-day visit [2, 10]

Week number Number of cases Estimated cumulative total number
of transmissions (per million)

Estimated future transmissionsa

(per million)
Proportion of yet-to-occur
transmissions (%)

n In Nv nð Þ ¼
X15
n¼1

τDv
In
N φ Di− 1

2Dv
� �

Nvf nð Þ ¼ τφIn 6Dv Di−§Dvð Þ−D0
2ð Þ

6N
Nvf nð Þ
Nv nð Þ

1 1 0.01 0.01 74

2 0 0.01 0.00 0

3 1 0.03 0.01 37

4 1 0.04 0.01 25

5 8 0.14 0.08 54

6 10 0.27 0.10 35

7 26 0.61 0.25 41

8 42 1.16 0.40 35

9 38 1.65 0.37 22

10 48 2.27 0.46 20

11 26 2.61 0.25 10

12 25 2.93 0.24 8.2

13 8 3.04 0.08 2.5

14 9 3.16 0.09 2.7

15 4 3.21 0.04 1.2
aFuture transmissions were calculated using the formula given which estimates the number of transmission after the end of the corresponding week as a result of
the observed cases in that week. As the infectious period lasts for 8 days, only 98 % of the future transmissions will actually occur in the week following the observed
cases, and 2 % in the week after that. Therefore the number of future transmissions indicated in the table will on average underestimate the true number of future
transmission by 2 %

Mapako et al. BMC Infectious Diseases  (2016) 16:143 Page 5 of 8

aFuture transmissions were calculated using the formula given which estimates the number of 
transmission after the end of the corresponding week as a result of the observed cases in that 
week. As the infectious period lasts for 8 days, only 98 % of the future transmissions will actu-
ally occur in the week following the observed cases, and 2 % in the week after that. Therefore 
the number of future transmissions indicated in the table will on average underestimate the 
true number of future transmission by 2 %
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Figure 2: The estimated total cumulative number of transmissions, future transmissions and 
the corresponding proportion of future transmissions at the time considered. The estimates 
are based on the chikungunya outbreak in Italy in 2007.2,10

The total number of expected transmissions (left y-axis) is estimated using the total number 
of cases notified up until that week (x-axis) of the outbreak. The number of expected future 
transmissions (left y-axis) is estimated using the same information, but also incorporates the 
timing of the occurrence of the infections. The proportion of future transmissions (right y-axis) 
is calculated as the ratio of future transmissions to the total number of transmissions esti-
mated at the end of each week of the outbreak.

Sensitivity Analysis

First, the duration of visit was varied. For duration of the travellers’ visit of 2, 4, 
and 8 days, the total transmission risk is equal to 2, 3.4 and 4.5 per million, respec-
tively. Given that the infectious period is 8 days, the duration of the visit from eight 
days onwards will result in a similar transmission risk for this setting. What can be 
observed is the decreasing relative increase in the number of transmissions with 
increasing visit length as a result of the negative quadratic term in visit length in 
Equation 1. Here one can see that a four-fold increase in the duration of visit only 
doubles the risk. Therefore only for (relatively) short visits will the risk be linear in 
the duration of visit.
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Next, the duration of visit was assessed for an infectious period of one year 
(365 days). Now the observed transmission risk becomes 100, 200, 410 and 710 
per million for respective visit lengths of 2, 4, 8 and 14 days. Here it can be noted 
that the risk from travelling donors increases almost linear with the duration of 
visit (14 / 2 x 100 = 700 ≈ 710). The proportion of future transmissions at any given 
time during and after the outbreak period will be closely similar for each of these 
scenarios, as most transmissions (approximately 87%) will occur after the end of 
the observed outbreak.

Application to the Q fever outbreak in the Netherlands

Using the disease parameters from a previous Q fever study and visit characteris-
tics as provided in Table 1 for analyses of the chikungunya outbreak, the number 
of transmissions from donors visiting the risk area in the Netherlands can be calcu-
lated. A constant stream of 10 visitors per day who on average stay for two weeks 
in the risk area would result in a total of 1.7 per thousand infection transmissions 
in the home country. Note that this number is derived directly from the number 
of notified cases (presuming 2% chronic cases), whereas in the Q fever study the 
estimate was influenced by a proportion of more than 90% undetected cases and 
a 50% probability that symptomatic donors were screened out by the donor health 
questionnaire. The monthly outbreak analyses from the high-risk area indicated 
that at the annual outbreak peaks in 2007 (month 3, 36 cases), 2008 (month 15, 
121 cases) and 2009 (month 27, 159 cases), the percentage of future transmissions 
are 95%, 70% and 47%, respectively, as shown in Figure 3.

It is clear that incorporating uncertainty in all model parameters would allow 
construction of credible intervals (CIs) around the estimated number of transmis-
sions. However, the figures are provided for illustration of the application of the 
methodology rather than for estimating the number of transmissions, hence CIs 
are not provided.
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Figure 3: The estimated total cumulative number of transmissions, future transmissions and 
the corresponding proportion of future transmissions at the time considered. The estimates 
are based on the Q fever outbreak in The Netherlands in 2007-2009.12

The total expected number of transmissions (left y-axis) is estimated using the total number 
of cases notified up until that week (x-axis) of the outbreak. The number of expected future 
transmissions (left y-axis) is estimated using the same information, but also incorporates the 
timing of the occurrence of the infections. The proportion of future transmissions (right y-axis) 
is calculated as the ratio of future transmissions to the total number of transmissions esti-
mated at the end of each week of the outbreak.

DIsCUssIon

Our study shows that it is feasible to estimate the number of transmissions from 
travelling donors by applying the travellers’ risk model described in this paper. The 
model developed can support decision-making concerning safety interventions 
and communication related to donors travelling to EID risk areas. The model al-
lows –using only a few basic parameters related to the outbreak, the infectious 
disease, and the travelling donor population– estimation of the transmission risk 
from travelling donors.
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For the chikungunya outbreak we noted that the estimated traveller’s risk for 
a one week visit is 0.1 per million (0.1 infections in 1,000,000 donations made by 
travellers to the outbreak region). Liumbruno and colleagues reported that during 
this outbreak a 21-day deferral policy was implemented nationally for all donors 
who had visited the risk area even for a few hours, although their acceptable cut-
off risk is 1 in 380,000, which is much higher than our model’s estimate.10 Had 
the travellers’ risk model been available at that time, the policy might have been 
different. Chikungunya has only a short infectious period of 8 days. Therefore, only 
a limited number of future infections are anticipated. The ability of the travellers 
risk model to generate the expected number of future infections allows decision 
makers to quantify the potential immediate impact of (in)action on transfusion 
safety.

One of the limitations of our model is that it assumes that travelling donors 
only visit the risk area once. In some cases, travellers might make recurring visits 
and such repeated exposures might further increase their susceptibility to infec-
tion. This was also noted by Massad and colleagues5. For asymptomatic dengue 
infections repeat travel could expose a previously infected traveller to more severe 
expressions of illness which might affect the donation behaviour of travellers. Data 
on such travel behaviour may not be easily available however. Another limitation of 
our model is that it presumes fixed donation intensity whereas donation behaviour 
is likely not to be constant in time, especially around periods of travel. When such 
information is available however, there are no restrictions to include these in mod-
elling the risk of infected donations. Also, the current model presumes that the 
infection is transmissible immediately after infection. However, in case a disease is 
only infectious after a particular incubation time Dc, the risk from such an infection 
can be calculated by simply calculating the number of infections that would have 
been transmitted if infections would have been transmitted over the full infectious 
period Di and subtracting the infections transmitted from the time of infection up 
until the incubation time Dc.

We noted that the travellers’ risk model is generally applicable, and its applica-
tion is illustrated for two real outbreaks. Our model, with its distinction between 
past and future transmissions, can be considered a useful extension to currently 
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available models for estimating transfusion transmission risks. Application of the 
travellers’ risk model may assist blood establishments in harmonising risks posed 
by travelling donors.9 Several studies have shown that travellers do pose a risk8,16 
which requires blood authorities to have mechanisms in place to manage such 
risks.

The example applications in this paper assumed 100% transmissibility of the 
infection during the infectious period that will provide conservative risk estimates. 
The web based EUFRAT model however allows specification of the probability of 
transmission per type of transfusion product (which are typically red cells, platelets 
or plasma). It should be noted that transfusion transmission for chikungunya has 
not yet been demonstrated,10 and for Q fever the single suspected transmission 
case reported was not conclusively confirmed.12,17 Nevertheless, despite the un-
availability of evidence concerning the transmission rate, decision-makers would 
still be interested in the expected number of transmissions for various viable 
scenarios. Such scenario analyses can only be conducted if models for calculating 
the transmission risks are available.

Conclusions

We have developed a model that allows estimation of transfusion transmission risk 
from travelling donors. The limited number of generic model parameters required 
permits the model to be applied in very diverse settings. This not only empowers 
public health decision-makers with an appropriate tool to objectively quantify the 
risk from traveling donors, but also provides a sound proactive basis for enhanced 
management and response to outbreak situations.
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absTRaCT

Background: The aim of this study is to assess the cost-effectiveness of introduc-
ing individual-donation nucleic acid testing (ID-NAT), in addition to serologic tests, 
compared with the exclusive use of serologic tests for the identification of hepatitis 
B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus I and II 
(HIV) among blood donors in Zimbabwe.

Study Design and Methods: The costs, health consequences and cost-effectiveness 
of adding ID-NAT to serologic tests, compared to serologic testing alone, were esti-
mated, from a healthcare perspective, using a decision-analytic model.

Results: The introduction of ID-NAT in addition to serologic tests would lower 
HBV, HCV and HIV transmission risks to 46.9, 0.3 and 2.7 per 100,000 donations, 
respectively. ID-NAT would also prevent an estimated 25, 6 and 9 HBV, HCV and HIV 
transfusion transmitted infections (TTIs) per 100,000 donations, respectively. The 
introduction of this intervention would result in an estimated 212 quality-adjusted 
life years (QALYs) gained. The incremental cost-effectiveness ratio is estimated at 
US$17,774/QALY, a value far more than three times the GNI per capita for Zimba-
bwe.

Conclusion: Although the introduction of NAT could further improve the safety 
of the blood supply, current evidence suggests that it cannot be considered cost-
effective. Reducing the test costs for NAT through efficient donor recruitment, 
negotiating the price of reagents, and the efficient use of technology will improve 
cost effectiveness.

Keywords: blood screening, cost-effectiveness analysis, hepatitis B, hepatitis C, 
human immunodeficiency virus.
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InTRoDUCTIon

The screening of donated blood for transfusion-transmissible infections (TTIs), us-
ing sensitive assays, minimizes the risks of transfusion-transmitted infections and 
ensures an optimally safe blood supply. Despite the implementation of contem-
porary serologic screening methods with increasing sensitivity for the detection 
of viral antibodies and antigens in donated blood, transmission of viral agents still 
occurs during the window period. Nucleic acid testing (NAT), a more sensitive and 
specific method for virus detection has been introduced in many blood centres 
to reduce the window period in the detection of TTIs and the risk of transfusion 
transmitted infections.

NAT of donated blood is widely recognized as a desirable activity required for 
improving the safety of the blood supply. However, NAT has been associated with 
small reductions in residual risk of TTIs at high costs resulting in unfavourable 
cost-effectiveness ratios in most developed countries where economic evaluations 
were performed.1-4 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.5 In developed countries, the incidence of TTIs is relatively low,6-9 ac-
tive deferral and follow-up mechanisms are in place, with a higher proportion of 
the transfusion recipients being older.10-12 These factors may limit the benefits of 
NAT screening in such countries. However, in sub-Saharan Africa (SSA), the risks 
of TTIs are relatively high and transfusion recipients are much younger.13-16 This 
subsequently enhances the benefits of introducing NAT in these settings.

In Zimbabwe, the National Blood Service Zimbabwe (NBSZ), presently collects 
an average of 62,000 units of blood annually, all of which are from voluntary 
non-remunerated blood donors, from selected low risk populations. NBSZ has a 
centralized screening facility for samples from all donated blood for hepatitis B 
virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV I & 
II), using serological screening methods [analysis for identification of the antibody 
(HCV), antigen (HBV), and antigen and antibody in combination (HIV I & II)]. In Zim-
babwe the residual risks for transfusion-transmitted viral infections are estimated 
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at 1 in 1,978 donations for HBV, 1 in 9,588 donations for HCV and 1 in 6,542 dona-
tions for HIV.17 The introduction of NAT to further improve blood safety has been 
planned for several years, however, at present funding is not available and the 
additional costs will add to the present financial burden for hospital budgets and 
patients not covered by health insurance. The aim of this study was to assess the 
cost-effectiveness of introducing multiplex (ID)-NAT in addition to serologic tests 
compared with the sole use of serologic tests for the identification of infection with 
HBV, HCV, and HIV among blood donors in Zimbabwe. In addition, was analysed the 
cost-effectiveness of the current routine antibody/antigen screening, compared to 
a hypothetical strategy of no screening of blood donations in Zimbabwe.

MeTHoDs

Model overview

The health consequences and costs of preventing HBV, HCV and HIV infection with 
post-donation ID-NAT in combination with serological screening, serological (anti-
body/antigen) screening and a no screening (“do nothing”) option, were simulated 
in a cohort of blood donors and blood transfusion recipients in Zimbabwe. The 
blood-screening decision-tree model is considered, conceptually, in three parts 
as previously described3. In the first part of the conceptual model whole blood 
donations were screened for TTIs and processed into components/units suitable 
for transfusion and subsequently transfused into patients The second part of the 
conceptual model comprised the total numbers of transfusion recipients, who 
potentially acquired HBV, HCV or HIV infections, estimated for each screening 
strategy. The third part of the conceptual model calculated the outcomes using 
life expectancy, quality of life and healthcare costs, for this cohort, by incorporat-
ing disease-specific estimates of lifetime cost and quality-adjusted life expectancy 
based on patient studies or published data.

The burden of disease and treatment costs resulting from transfusion-acquired 
infections were modelled in a patient cohort receiving transfusions in Zimbabwe13 
using previously reported Markov models for HBV,4,18-20 HCV,1,20,21 and HIV1,5,20 infec-
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tion. All costs were expressed in US$ (2015 price levels). The basic structure of the 
decision tree is illustrated in Figure 1.

Figure 1. The structure of the decision tree. Markov models for HBV, HCV, and HIV are em-
bedded in the infected blood transfusion recipients. The square reflects the decision. Circles 
(chance nodes) represent viral transmission risks.

Blood donation, screening and residual risk of HBV, HCV, and HIV transmission

Blood donation

Data on blood donations and subsequent processing into components for the 2014 
calendar year were obtained from NBSZ head office, Harare, Zimbabwe. The data 
included the total number of units of voluntary non-remunerated whole blood 
donations and the blood components produced, and issued, during the 2014 cal-
endar year. The average numbers of transfused blood components produced per 
donation was estimated from these data.

Blood screening

Currently, all the donated units of blood at the NBSZ are tested for hepatitis B 
surface antigen (HBsAg), HCV antibody, HIV I & II antibody and HIV p24 antigen (HIV 
combo) using Abbott Architect analysers, which utilize a Chemi-luminescent Immu-
noassay technique (CLIA). NBSZ is considering introducing NAT to further improve 
the safety of the blood supply, using a reagent rental agreement NAT system based 
on a single fully integrated and automated system.

In the base case analysis, the residual risks of viral transmission and the costs of 
screening were estimated for three post-donation screening strategies:
1. No screening (“do nothing”) – hypothetical;
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2. HBsAg, HCV-Ab, and HIV I & II – Ab + Ag/p24 (HIV combo); and
3. HBsAg, HCV-Ab, and HIV I & II-Ab + Ag/p24 (HIV combo) + ID-NAT for HBV, HCV, 

and HIV.

Residual risk of HBV, HCV and HIV transmission

The residual transmission risk for HBV, HCV or HIV infections for each screening 
strategy was estimated for each virus using the classical incidence-window period 
model.17,22,23 In this model, the residual risk of infection after testing is estimated by 
multiplying the window period for each strategy with the incidence of the infection 
for each virus. The incidence rates for HBV, HCV and HIV infections were estimated 
based on data from repeat donors from NBSZ’s database, during the period 2002 
– 2011. As first-time blood donors contribute to usable blood donations in Zimba-
bwe, an infection-specific incidence was estimated using prevalence in first time 
donors and the duration of World Health Organization (WHO) HIV stages 1 and 
2, as previously described.4 The window periods of each screening strategy were 
obtained from literature.24 The incidence rates for HBV, HCV, and HIV infections and 
the window periods for each screening strategy are presented in Table 1.

Screening costs

Serological screening costs were estimated based on data obtained from the NBSZ 
Departments of Finance and Laboratory. These included costs for reagents, equip-
ment, labor, and utilities. NAT screening test costs were obtained from the NBSZ 
Finance Department provided by selected suppliers through tendering processes. 
The costs of reagents included the costs of reagents, capital investments, a backup 
NAT machine, operational costs, and costs for additional testing. The reagent costs 
included the quoted cost by the potential suppliers plus additional freight charges. 
Capital costs were estimated based on expected structural improvements and 
additional equipment not covered by the reagent/rental agreement (blood bank 
refrigerator and freezer for storing NAT reagents). Operational costs comprised 
labor costs estimated based on the recruitment of three laboratory scientists, labo-
ratory consumables other than NAT reagents (gloves, tissue rolls, waste disposal, 
etc.), and quality-related costs (I. Chipare, July 2016). The cost for a backup NAT 
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machine and costs for additional testing (technical failures, repeat testing of reac-
tives, discriminatory testing of all reactives to identify the positive marker) were 
estimated based on experiences from a neighboring SSA country where NAT has 
been implemented (I. Chipare, July 2016).

Patient population; HBV, HCV, and HIV infections; and costs

Data on blood ordered from hospitals related to the age distribution of patients 
receiving blood transfusions were obtained from a study conducted in Zimbabwe 
during the period January 1, 2012 to December 31, 2012.13 In the base case, the 
costs and outcomes of transfusion-acquired diseases were modelled for the mean 
age (35 years) reported in the previous study.13 This is considered necessary as the 
costs and health consequences of transfusion-acquired diseases vary with age.3,4 
The risk of receiving an infected unit was calculated from the blood transfusion 
utilization and the number of blood components processed from one 450ml unit of 
donated blood. The incidence and prevalence of HIV in Zimbabwe have generally 
been on the decrease over the past few years,25-28 subsequently reducing the basic 
reproduction number toward 1. Therefore, we assumed a conservative reproduc-
tion number estimate of 1 in the base case analysis. In-hospital mortality of blood 
transfusion recipients was estimated at 15.4%.13

Estimates of the clinical outcomes (life expectancy, quality adjusted life expec-
tancy) and treatment costs for HBV, HCV and HIV infection were obtained from pa-
tient studies carried out in the Zimbabwe population (unpublished observations), 
with missing information being supplemented from searches in the literature.4 
Data on antiretroviral therapy coverage in Zimbabwe was obtained from literature 
and incorporated into the model.29-31

To enable comparisons, the quality-adjusted life year (QALY) was used as a 
measure of overall health. QALYs were estimated by multiplying the utility value 
associated with a given state of health (quality of life) by the years lived in that 
state. The life expectancy after HBV, HCV, or HIV infection was estimated using 
Markov models. Data on age-specific remaining life expectancies for Zimbabwe 
were obtained from the WHO and applied to a cohort of patients receiving blood 
transfusions.32
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Cost-effectiveness analysis

The cost-effectiveness of the screening strategies was evaluated from a healthcare 
perspective. The incremental cost-effectiveness ratio (ICER)-that is, the additional 
costs divided by the additional health gains of a screening strategy, compared 
with the next least expensive screening strategy (comparator), was estimated. The 
estimated ICER was compared with the per-capita Gross National Income (GNI) for 
Zimbabwe (US$936) as per the World Health Organization Choosing Interventions 
thar are Cost-Effective (CHOICE) program.33 Strategies yielding a CER below the per 
capita GNI are regarded cost-effective, whereas strategies with a CER above three 
times the per capita GNI are regarded not cost-effective. Costs and health benefits 
were discounted at 3% per annum.

Model robustness was assessed with sensitivity analysis for the values of the 
model inputs, for which there was greatest uncertainty. Uncertainty in the cost-
effectiveness analysis was evaluated by second-order Monte Carlo simulation 
(10,000 simulations). From the Monte Carlo simulations, the probability of a 
cost-effective screening strategy was calculated in relation to the willingness to pay 
(WTP) a certain amount to gain a single QALY.
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ResUlTs

base case

The residual risk of transmission was estimated at 80.5, 6.6, and 8.2 per 100,000 
donations for HBV, HCV and HIV, respectively, for current serological screening. 
Introducing ID-NAT in addition to serological screening would lower HBV, HCV, and 
HIV transmission risks to 46.9, 0.3, and 2.7 per 100,000 donations, respectively. 
The implementation of ID-NAT in addition to the current serological screening 
will prevent additional 25, 6, and 9; HBV, HCV, and HIV infections per 100,000 
donations, respectively. Based on the average of 62,000 donations per year, this 
would prevent 16, 4 and 6 HBV, HCV, and HIV infections per year, respectively. 
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This strategy would save an estimated 212 quality-adjusted life years (QALYs) per 
100,000 donations.

The addition of ID-NAT to the current serological screening strategy would 
result in an incremental total cost of US$2.3 million per year. We estimate that the 
associated incremental CER would be US$17,774 per QALY gained, with an ICER 
more than three times the GNI per capita for Zimbabwe. The costs and effects for 
the strategies are compared and presented in Table 3.

implementation of these strategies. The introduction of

ID-NAT, in addition to the serological screening currently

implemented in Zimbabwe to detect HBV, HCV, and HIV

infections in blood donors, will further reduce the window

period and lower the risk of viral transmission through

blood transfusion. This will subsequently result in an

increase in the number of viral transmissions prevented

and health outcomes (QALYs) gained. Although there is

evidence of substantial benefits derived from the intro-

duction of ID-NAT, these benefits come with a significant

increase in costs, particularly for screening (an incremen-

tal cost of US$2.3 million per year). The substantial bud-

get impact should be carefully considered by NBSZ and

policymakers, particularly in relation to the financial

impact and sustainability of introducing a new screening

intervention for TTIs. Although desirable, the implemen-

tation of NAT in Zimbabwe will result in a significant

increase in the unit cost of blood (fee-for-service),34 which

is already considered expensive and unaffordable by the

public-sector hospitals. This may result in reduced access

to blood transfusions and further challenge meeting the

United Nations Development Programme agreed Millen-

nium Development Goals. The identification of funding

sources and mechanisms that could ensure long-term

sustainability is an important step toward ensuring the

successful implementation of NAT.

The base-case ICER for the introduction of ID-NAT in

addition to the current serological screening, given the

variables and underlying assumptions used, is more than

three times the GNI per capita threshold in Zimbabwe

and is considered cost effective by the WHO. Currently,

the implementation of this additional screening strategy

cannot be considered as cost effective in Zimbabwe. As

highlighted above, improvements in screening blood don-

ations do not compare favorably with other health care

interventions in SSA.4,5 The base-case ICER estimated in

TABLE 3. Infections averted, effects, costs, and cost-effectiveness ratios of the base case (per 100,000 donations)
(95% UI)

Screening strategies HIV HCV HBV
Net costs in
million $ QALYs

Cost saving:
ICER

HIV Combo1HCV Ab1
HBsAg vs. do nothing
(HIV, HCV, HBV)

620 (615-626) 8 (4-12) 651 (635-667) 2-2.7
(23.3, 22.2)

12,520
(11,877-13,120)

All individual-donation
multiplex NAT1HIV Combo1
HCV Ab1HBsAg vs.
HIV Combo1HCV Ab1HBsAg

9 (6-12) 6 (3-9) 25 (19-30) 2.3
(1.8-2.9)

212
(164-267)

17,780
(11,693-25,422)

CI5 confidence interval; UI5uncertainty interval; Ab5antibody.

Serology

ID-NAT + Serology

cRatio = US$2,808 ICER =US$17,780
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Fig. 2. Cost-effectiveness acceptability curves comparing the current serological screening strategy and multiplex individual-

donation nucleic acid testing (NAT) in addition to serological screening. The cRatio represents three times the per capita GNI

(US$2808) for Zimbabwe.
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The cost-effectiveness acceptability curve presented in Fig. 2 shows the probability 
that implementing ID-NAT in addition to serological screening would be cost effec-
tive as a function of the societal WTP (for a QALY gained) threshold. The use of the 
current serological screening strategy was likely to be cost effective and favorable 
up to a WTP of US$17,120 per QALY gained. The probability that adding ID-NAT to 
serological screening would be cost effective at a WTP equivalent to the ceiling ratio 
(US$2808) was zero. ID-NAT in addition to serological screening was considered to 
be the most favorable approach at a WTP of US$17,138 or greater per QALY gained. 
The probability that adding ID-NAT to serological screening would be cost effective 
will reach 95% if the WTP threshold is raised to US$25,000 per QALY gained.
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Figure 2. Cost-effectiveness acceptability curves comparing the current serological screening 
strategy and multiplex individual donation nucleic acid testing (NAT) in addition to serological 
screening. The cRatio represents three times the per capita GNI (US$2808) for Zimbabwe.

Sensitivity analyses

The sensitivity of the ICER to changes in the incidence rates of viral markers in 
blood donors, test costs, treatment coverage, and treatment costs is shown in Fig. 
3. The ICER is most sensitive to multiplex ID-NAT test costs, the HIV incidence rate, 
and the basic reproduction number for HIV. A reduction in multiplex ID-NAT test 
cost by 35% resulted in a 30% reduction in the ICER (US$12,735). Conversely, an 
increase in test cost would result in an increase in the ICER by similar margins. 
In a break-even analysis, the ID-NAT test cost at which the ICER was three times 
the per capita GNI was US$8.60 per test. The cost effectiveness of implementing 
ID-NAT in addition to serology is sensitive to the incidence of TTIs in blood donors, 
with the most influence observed for HIV. A low incidence of HIV in blood donors 
would result in high ICERs, making it unfavorable to adopt ID-NAT in addition to the 
current serological screening strategies. Similarly, low values of the basic reproduc-
tion number would make the adoption of ID-NAT less favorable, whereas very high 
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values would improve cost effectiveness. The influence of the mean age of the 
blood transfusion recipient is illustrated by the subgroup cost-effectiveness accept-
ability curve in Fig. 4. For any given WTP threshold, the probability that ID-NAT in 
addition to serological screening will be cost effective is higher for younger blood 
transfusion recipients compared with those who are older.

Figure 3. Sensitivity analysis diagram showing variables with the most profound impact on the 
base-case incremental cost-effectiveness ratio (ICER).
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Figure 4. Cost-effectiveness acceptability curves for multiplex ID-NAT in addition to serologi-
cal screening stratified by age groups (years). The cRatio represents three times the per capita 
GNI (US$2808) for Zimbabwe.

DIsCUssIon

The serological screening strategies currently implemented in Zimbabwe to detect 
HBV, HCV, and HIV infections in donated blood are cost saving and yield substantial 
health gains (QALYs) compared with “no testing.” This represents value for money 
and justifies the implementation of these strategies. The introduction of ID-NAT, in 
addition to the serological screening currently implemented in Zimbabwe to de-
tect HBV, HCV, and HIV infections in blood donors, will further reduce the window 
period and lower the risk of viral transmission through blood transfusion. This will 
subsequently result in an increase in the number of viral transmissions prevented 
and health outcomes (QALYs) gained. Although there is evidence of substantial 
benefits derived from the introduction of ID-NAT, these benefits come with a sig-
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nificant increase in costs, particularly for screening (an incremental cost of US$2.3 
million per year). The substantial budget impact should be carefully considered by 
NBSZ and policymakers, particularly in relation to the financial impact and sustain-
ability of introducing a new screening intervention for TTIs. Although desirable, 
the implementation of NAT in Zimbabwe will result in a significant increase in the 
unit cost of blood (fee-for-service),34 which is already considered expensive and 
unaffordable by the public-sector hospitals. This may result in reduced access to 
blood transfusions and further challenge meeting the United Nations Development 
Programme agreed Millennium Development Goals. The identification of funding 
sources and mechanisms that could ensure long-term sustainability is an important 
step toward ensuring the successful implementation of NAT.

The base-case ICER for the introduction of ID-NAT in addition to the current se-
rological screening, given the variables and underlying assumptions used, is more 
than three times the GNI per capita threshold in Zimbabwe and is considered cost 
effective by the WHO. Currently, the implementation of this additional screening 
strategy cannot be considered as cost effective in Zimbabwe. As highlighted above, 
improvements in screening blood donations do not compare favorably with other 
health care interventions in SSA.4,5 The base-case ICER estimated in this study does 
not compare favorably with that of most health care interventions in Zimbabwe,35 
where most interventions appear to be cost effective. ICERs for HIV-related inter-
ventions ranged from $129/disability-adjusted life-year (DALY) for the prevention 
through access to treatment for sexually transmitted diseases to $12,473/ DALY for 
providing prophylaxis to prevent opportunistic diseases.35 A study that evaluated 
the cost effectiveness of monitoring of antiretroviral therapy in Uganda and Zimba-
bwe reported an ICER of $7793 per QALY.36 An ICER of $2113 per DALY was reported 
in another study, which assessed the cost effectiveness of HIV drug-resistance test-
ing as a tool for decision making to switch to second-line antiretroviral therapy.37 
ICERs reported from other blood safety interventions in Ghana ranged from $608/
DALY (cost effective) for combination tests for HIV and HCV compared with the 
respective antibody tests to $8306/DALY (not cost effective) for multiplex ID-NAT 
compared with a minipool of six NATs.4 However, these additional screening tests 
would represent far greater value compared with improvements in screening blood 



129

Cost-effectiveness of adding Nucleic Acid Testing

6

donations in developed countries.1-4,19,38 This is mainly due to the differences in 
the incidences of viral markers found in blood donors and the age profiles of blood 
transfusion recipients. The incidence of TTIs in blood donors is relatively high in 
SSA, resulting in lower and more favorable ICERs, unlike in developed countries, 
where the incidences are lower. Disease progression in transfusion-transmitted 
HBV, HCV, and HIV infections depends on the recipient age and this, in turn, will af-
fect the estimated ICER.1,4 In contrast to developed countries, where most transfu-
sions occur in older patients, most transfusion recipients in SSA are much younger, 
resulting in more health gains from averted infections, making these additional 
interventions more favorable.

Results from the sensitivity analysis demonstrated that the cost of multiplex 
ID-NAT, the incidence of HIV in blood donors, and the basic reproduction number 
for HIV had the most profound impact on the cost effectiveness of introducing 
NAT. The reduction of test costs is the best way to obtain a lower and more favor-
able ICER. However, even after lowering the test costs by 35%, the introduction of 
ID-NAT while maintaining serological screening is still not cost effective based on 
the threshold criteria, as indicated by WHO. Future lowering of NAT costs through 
efficient donor recruitment (reduction of repeat and confirmatory testing), nego-
tiating the price of reagents with suppliers, and efficient use of the technology 
may improve cost effectiveness. However, based on the breakeven analysis, the 
cost of ID-NAT should be below US$8.60 per test so that the addition of ID-NAT 
to serological screening can be cost effective. It may not be feasible in the fore-
seeable future to achieve such a low cost for multiplex ID-NAT. The break-even 
analysis revealed such a low cost because the threshold value used, based on per 
capita GNI, to determine cost effectiveness was naturally very low. Lowering HIV 
incidence by reducing the reproduction number to values below 1 would arrest the 
epidemic; however, this would also render ID-NAT less cost effective. The introduc-
tion of ID-NAT was still not considered cost effective even after assuming that one 
infected donor would result in the secondary transmission of HIV to five individuals 
(ICER5$6864).

Several limitations in the current model warrant discussion. The test cost for 
NAT has not been accurately estimated, because the technology has not been 
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implemented in Zimbabwe and can only be estimated from projected costs derived 
from several different currently quoted costs. The inclusion of more accurate cost 
estimates in the model, when available, will result in more accurate estimates of 
the cost effectiveness of adopting NAT in Zimbabwe. The health care impact of the 
disease-specific costs for HBV and HCV are not available for Zimbabwe, hence the 
use of estimates from Ethiopia.39 These costs, although relatively high, provide an 
indication of the costs for Zimbabwe. However, the sensitivity analysis demonstrat-
ed that changes in these cost estimates did not substantially affect the ICER. The 
base-case model limits secondary infections to one, possibly to partners, excluding 
other infections, such as those acquired through vertical transmissions or unsafe 
injections.1 The incidence and prevalence of HIV in Zimbabwe have generally been 
on the decrease over the past few years.25-28 This has largely been attributed to the 
various interventions implemented (e.g., condom use and reductions in risk be-
havior), which subsequently reduce the basic reproduction number towards one. 
Therefore, we used a conservative reproduction number estimate of one in the 
base-case analysis. However, a more precise estimate would be required for future 
analyses, because this may affect the results of the model, as demonstrated in our 
sensitivity analyses. In addition, only window period transmissions are considered, 
disregarding transmissions caused by technical or human errors,4,5 all of which are 
potentially reduced by additional NAT screening. The incorporation of the effects 
of avoiding these additional infections would result in a lower ICER and favorable 
cost effectiveness.1 Despite the fact that viral infectivity increases with time after 
infection of the donor, the model assumes that any donation during the window 
period of an infection with HBV, HCV, or HIV always results in an infected recipient. 
Long-term excess mortality of blood transfusion recipients was not included in the 
model, because those data are currently not available for Zimbabwe, or even for 
other countries in SSA, and have only been described and published for the devel-
oped world, where transfusion recipients are older and have different underlying 
epidemiology of diseases,10,40 which limits the transferability of any data.

Furthermore, the threshold based on per capita GNI was used in this study de-
spite its limitations because of its wide use in resource-limited settings. One such 
limitation is the potential for underestimating the GNI in lower income economies 
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that have more informal, subsistence activities.41 In addition, the current methods 
used to estimate GNI do not include remittances and foreign aid, despite their con-
tribution to the country’s disposable income.42 This can be compelling for countries 
like Zimbabwe, which are largely characterized by a growing informal economy 
with approximately more than 80% of workers employed in the informal sector.43,44 
As a result, the use of the three times per capita GNI criteria will always result in 
very low corresponding threshold ratios for cost effectiveness for countries with 
low development indices in SSA. Therefore, the ICERs of blood safety interven-
tions, as in this study, will appear to be unfavorable relative to the low per capita 
GNI-derived threshold ratios. The current analysis did not consider minipool NAT 
as an alternative strategy largely because of the complex nature of the procedures 
involved. With the relatively high prevalence of TTIs in Zimbabwe, the dilution 
due to pooling reduces screening sensitivity and has the potential to miss samples 
with a low viral load.45,46 Minipool NAT is also more technically involved, has more 
potential for errors, and may be associated with higher operational costs. However, 
future studies may consider minipool testing as an alternative to ID-NAT.

In conclusion, current evidence indicates that the serological screening strate-
gies currently implemented in Zimbabwe are cost effective and yield substantial 
safety benefits, especially compared with “no testing.” Introducing multiplex ID-
NAT, in addition to serological screening, has a significant budget impact despite 
the increased benefits. Although the introduction of NAT can further improve the 
safety of the blood supply, current evidence suggests that it is not cost effective, 
and cost effectiveness can only be improved by lowering the costs of NAT.
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ABSTRACT:

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 as-
sess 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 re-
view 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 multiperspective interviews highlighted 
key areas of NBSZ’s research capacity for improvement, in particular better dis-
semination 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.
Keywords Blood transfusion research, research capacity review, research training
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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 im-
proving 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 ser-
vices’ research capacity. We therefore adapted an evidence-based framework and 
process used previously to review the research capacity in several African universi-
ties.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 inter-
national 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, 
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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 indi-
vidual stakeholders. A framework which had been used to review research capacity 
in African universities was used to guide this review of NBSZ’s research capac-
ity.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 exist-
ing 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 com-
prised NBSZ’s five branch research committee representatives, internal staff re-
searchers, medical consultants, research fellows, data clerks, and members of the 
NBSZ Executive Management and external representatives of organizations such as 
universities, and the national regulatory organization and research council. Each in-
terview 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.
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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 information). The information under each component was amal-
gamated 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 stake-
holders. 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 top-
ics 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:
1. Enhance professionalism at the Service
2. Resolve unanswered questions; “understand why they have problems”; “we 

have problems that are unique to us”
3. Influence decision making; research “helps management make informed deci-

sions”
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4. Keep up with change; to continually improve
5. Motivate staff
6. 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.
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2. Institutional support services and infrastructure
successes
NBSZ already has many of the elements needed for it to develop into a strong na-
tional and international research resource. It has a pool of well-documented, com-
mitted 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 tech-
nology 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. Recog-
nising 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 includ-
ing 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 commit-
tees still require further strengthening so that this could help the organisation wide 
research efforts.
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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 multidisciplinary 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.
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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 con-
trol 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 Depart-



Chapter 7

146

ment 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 postholder to have 
obtained a PhD and there are no immediate plans to establish a specific NBSZ re-
search 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.
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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 Un-
derstanding 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 arrange-
ments enabled NBSZ staff to attend courses and provided free library access for the 
PhD students.

Challenges
NBSZ hosts university undergraduate students doing the 4-year Medical Labora-
tory 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 its Research 
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Support Centre concerning research. It was felt that the links had not been fully 
utilised 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 providing 
guidance about the need and type of incentives.

7. External promotion of research
successes
Academics who were interviewed recognised that NBSZ was a “phenomenal re-
source” 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 supple-
mentary 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’ 
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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 opportuni-
ties through various strategic institutions.

8. National research uptake
successes
NBSZ is perceived nationally as a very successful private organisation and a valu-
able 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 
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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 policymakers 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 transfu-
sion 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 assess-
ing the research capacity of a national blood service. The use of an overarching 
framework to guide discussion topics, the collection of information from stakehold-
ers 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 
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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 re-
sources 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, proj-
ect management skills and sophisticated training programmes with effectiveness 
monitoring. NBSZ’s policies and strategies are similar to those of academic institu-
tions in Africa 1,18,19 and in more well-resourced countries such as UK, Australia and 
the Netherlands 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 
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for sharing this information internationally. There are other research models es-
pecially in developed countries, which NBSZ and other blood services could also 
consider. The Canadian Blood Services, 24 through its Centre for Innovation, con-
ducts 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 policymakers. There are several mutual benefits in 
forging closer ties between national blood services and universities including, for 
academics, access to ‘normal’ data sets 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 ap-
plying 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 
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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 recommen-
dations 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 recommenda-
tions, 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 recommenda-
tions 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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SUPPLEMENTARY INFORMATION:

Criteria for optimal capacity to provide international quality scientific, 
administrative and financial support for research activities in Blood Services

Section Criteria for optimal research capacity in Blood Services
a Research strategies and policies
A1 The blood establishment has a research strategy
A2 The research strategy is framed within the overall goals of the institution. The 

strategy is distinct from but links clearly with, and is complimentary to, other 
institutional plans, strategies and policies

A3 The research strategy explicitly states its purpose to assist the business of the 
institution, identifies priorities, and monitor progress

A4 The institution’s mechanism for determining research strategy is transparent and 
widely owned

A5 The institutional research strategy fully involves departments in its design and 
implementation, and policies carried out by individual departments are consistent 
with it

A6 Implementation of the research strategy is overseen by an appropriate member of 
senior management. The strategy is also backed up by appropriate manpower & 
resources, to make sure it is implemented

A7 The research strategy has the facility to draw on a range of evaluation mechanisms 
which might include sources external to the blood establishment - such as external 
peer review including other blood services

A8 The Research Management Office / Department [if it exists] is fully involved in the 
drafting of institutional research strategies in conjunction with other appropriate 
offices/departments

A9 The research strategy is underpinned by the internal funding mechanisms for 
research

A10 The research strategy is, as far as possible, responsive to the research funding 
environment and opportunities (at national, international and regional levels)

A11 The research strategy seeks to add value to existing activity by proactively 
highlighting new opportunities for internal and external collaboration. The strategy 
should also promote interdisciplinary research and the development of early 
career researchers

A12 The research strategy is effectively communicated, monitored, reviewed and 
developed/refined

A13 Methods for evaluation of the strategy and performance indicators should be 
established from the outset. Key performance indicators should include a balance 
of quantitative and qualitative methods

A14 The research strategy should be sufficiently flexible and defined within a 
reasonable time frame (e.g. 5 years) reviewed regularly, and be capable of evolving 
in response to events

A15 The strategy should take into account the need for appropriate staff incentives
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Section Criteria for optimal research capacity in Blood Services
B Institutional Support Services and Infrastructure
B1 The institution has a unit dedicated to research management (Research office)
B2 The institution has a research committee to develop strategies to assist the Blood 

Service in meeting its research objectives, identify priorities, advise on stakeholder 
engagement, monitor research performance, discuss annual department updates, 
monitor national and international research policy which effect the institution

B3 The research unit has an adequate number of Staff to fulfil the needs of 
researchers

B4 Culture where research is valued, accepted, encouraged and enjoyed
B5 Ethics committee exists to ensure research conducted is ethical
B5 Evidence of accessible guidance to help researchers through the research process 

including governance and ethics
B6 Clear academic honesty guidelines in place
B7 Able to meet requirements of GCP and GLP
B8 Sufficient facilities are available for research (studying, IT, library, technology, 

laboratories etc)
C Supporting funding applications
C1 Institutions have regular, effective and proactive means of informing professional 

staff on funding opportunities and the strategic directions of funding agencies 
where possible, these should involve direct communication between the Research 
Office and individual staff

C2 Central research Offices have developed and strategically use key contacts in 
departments to facilitate a two way flow of information in funding opportunities 
and research interest

C3 The institution maintains a searchable database on institutions research 
performance, capabilities and contact, including all past projects and proposals

C4 Information and current policy from all funders is maintained and communicated 
as appropriate

C5 The Research Office holds regular information and updating sessions and targeted 
workshops for staff members and prospective researchers with the purpose of 
providing information on funding opportunities, proposal development and the 
development of collaborative research teams to respond to one-off as well as on-
going research opportunities

C6 The institution seeks to establish an effective two-way communication strategy 
between themselves and major sponsors and proactively seek to develop that 
relationship

C7 The institution has clear mechanisms in place to handle internal and external 
enquiries regarding possible research and consultancy opportunities and to 
monitor the outcomes of these on a regular basis

C8 The Research Office actively encourages collaboration between different 
departments within the institution

C9 The institution seeks to develop mechanisms to effectively track and involve former 
staff/alumni working in key positions with current, past and potential sponsors and 
in government
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Section Criteria for optimal research capacity in Blood Services
C10 The research office actively brings key staff together in response to large scale 

tender and proposals proposal requests where appropriate and where consistent 
with research strategy

C11 Departments through the Research Office or other appropriate office, ensure that 
proposals are reviewed by experienced academic and research staff (externally, 
where appropriate) prior to submission

C12 Proposals are only submitted with clear support from Head of Department of other 
appropriate management authority. Key personnel who need to be aware’ of the 
project should be notified.

C13 The institution approves all proposals before submission and research offices 
maintain records on the progress of all proposals

C14 The information gained from previously submitted proposals is used to inform 
future proposals

C15 The institution has a clear transparent and widely disseminated formula for 
determining the full economic cost of any give project, including indirect costs and 
staff time

C16 Full costing is calculated for each externally funded project even if this is not 
reflected in the price charged

C17 All proposed research should be consistent with the institutions overall research 
strategy

C18 The institutions provides clear guidance to staff and external sponsors as to which 
kind of projects and contractual terms are acceptable

C19 The institutions provides clear guidance to staff and external sponsors as to which 
kind of projects and contractual terms are acceptable

C20 The institution has clear risk assessment procedures for proposed projects which 
recognise the need to involve several key offices within the institution

C21 The institution systematically reflects on its progress against its research strategy 
including regular comparisons with other institutions of similar nature

D Project Management and control
D1 All project proposals contain explicit statements of how the project will be 

managed and, where possible and appropriate, provision for the appointment of 
specialist staff

D2 Mechanisms are in place to recognise the critical role of Principal Investigators, to 
ensure that they and other key actors are aware of their roles and responsibilities 
before commencement of the project and where required, that appropriate 
training is undertaken.

D3 Key milestones (including reporting and financial review dates) are agreed with key 
actors at the outset and updated amongst all those actors throughout

D4 Key actors, including Principal Investigators and HODs, are provided with regular 
and up to date project information (including financial, human resources, IP, and 
commercialization information), through on-line access or regular statements

D5 Information provided to key actors, including Research Officers and Deans, 
pro-actively highlights any risks and obligations specific to both them and the 
institution.
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Section Criteria for optimal research capacity in Blood Services
D6 Procedures are in place to ensure that all those with access to research are covered 

by appropriate confidentiality and rights assignment agreements (depending on 
jurisdiction), particularly those who are covered by a contract of employment with 
the institution

D7 Appropriate data management policies exist (covering ethical and legal compliance, 
copyright and IPR issues, data storage, security, sharing and retention)

D8 Appropriate health and safety policies are in place (encompassing staff induction, 
safety officers, evacuation procedures etc)

D9 Appropriate insurance arrangements are in place for both staff and clinical trials (if 
applicable)

D10 Mechanisms are in place to ensure that intellectual property both brought to and 
emerging from research is identified, protected, tracked and signed off at all stages 
and that staff have access to specialist advice in this regard.

D11 Procedures are in place for the appropriate monitoring of material transfer 
agreements.

D12 Mechanisms are in place to identify possible delays and monitor expenditure to 
ensure it is in line with project budgets

D13 The institutions has an explicit consistent framework within which departments 
can predict future revenue and expenditure, especially where such income 
contributes to underpinning core activities

D14 Mechanisms are in place for the disclosure and management of conflicts of 
interest.

D15 Mechanisms are in place to obtain feedback project sponsors, which can be taken 
into account in future planning

D16 Formal closure and continuous monitoring processes are in place ensuring that all 
obligations have been and continue to be met and that opportunities arising from 
the project are identified.

e Research Careers and Promotions
e1 Evidence of research training needs assessments
e2 Provision of research skills training shaped around skills background and needs of 

different professional groups
e3 There is availability and use of funds for research skills training for research 

management staff, researchers and academic staff
e4 There is availability of a range of research skills training for students, research 

management staff and researchers covering-Proposal writing, grant application, 
data analysis and management (including software and qualitative analysis) ethics, 
health and safety, GCP and GLP, generic research skills (quantitative and qualitative) 
academic writing and publishing

e5 Evidence of matching novice and experienced researchers
e6 Mentorship and supervision structures for students and early career stage 

researchers and new PI’s
E7 Individual job descriptions support research/institutional objectives
E8 Policies are in place to support recruitment and contract negotiation for new 

support staff
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E9 Staff skills and abilities are matched to research needs
E10 Seminar programmes relating to research undertaken
E11 The research management structure and policies form a core element of induction 

programmes for new staff.
E12 Research strategy, policy and management issues form a core element of ongoing 

professional development programmes for mid-career and senior professional staff.
E13 Staff in leadership roles are offered appropriate instruction in research strategy, 

policy and management, as well as being involved in discussion of good practice 
within the institution

E14 The Research Office maintains effective ongoing relationships with internal clients 
at all levels (department, branch, sections, individuals) with a view to supporting 
research staff and understanding their needs.

E15 Performance measures for research management are established and are widely 
available/disseminated.

E16 The institution makes provision for appropriate incentives to enhance the 
research activity of new and emerging researchers. Such incentives might include 
conference grants and other start-up funding.

E17 Policies for providing incentives for staff research activity are transparent, easy to 
understand and consistent across the institution.

E18 Career development opportunities
E19 Career pathways exist for researchers
f Development of Skills and Knowledge for Research
F1 Number of (half as a minimum) full-time professional staff as active and recognised 

contributors to subject associations, learned societies and relevant professional 
bodies.

F2 Number of (third as a minimum) professional staff with recent (i.e. within the 
past three years) personal experience of research activity (including external 
examination, review panels, collaborative research)

f3 Number of (third as a minimum) professional staff engaged in research or other 
forms of advanced scholarship
The outcomes of external scrutiny exercises undertaken by external/internal 
auditors, the funding councils and professional and statutory bodies are carefully 
considered and actioned.

G External promotion of research
G1 Collaborations exist with external organisations (institutions, businesses, 

government, NGO’s)
G2 The institution is able to conform to the requirements of multiple funding agencies
G3 Number of joint posts with other academic/professional institutions
G4 The institution has a clear strategy in place for all forms of intellectual property 

management
G5 Clear regulations are in place to determine the ownership of intellectual property 

by and between staff, students and third parties. These regulations are effectively 
disseminated throughout the institution and externally
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Section Criteria for optimal research capacity in Blood Services
G6 Departments and research projects are systematically monitored to identify 

emerging intellectual property at an early stage.
G7 The institution establishes a register of intellectual property assets and pro-actively 

manages and maintains it at all stages of development and exploitation
G8 Clear policy mechanisms are in place to govern the distribution of revenues from 

intellectual property between the institute and other key stakeholders.
G9 The institution’s research communication strategy is consistent with the 

institution’s overall strategy and underpins the core missions of the institution, 
particularly in relation to the integration of research, education and service.

G10 There is a clear understanding of the roles and responsibilities of the different 
offices/officers responsible for research communication and good channels of 
communication exist between all these actors.

G11 The institution pro-actively identifies projects (at various stages) and outcomes that 
are aligned with the Institution’s priorities and are particularly suitable for external 
dissemination

G12 The institution has a programme of events, such as launches, to profile major 
achievements or projects which relate to the strategic objectives and any priority 
research themes of the institution.

G13 The institution has clear criteria for the type of work most likely to generate good 
publicity, and guidance on how to avoid poor publicity, and makes this information 
available to staff.

G14 The institution has a clear strategy and procedures with regard to handling crisis 
communications and ensures these are disseminated to every level.

G15 The institution seeks to make key research findings accessible to a wider audience, 
through the use of research summaries, expert guides and speakers lists, produced 
in suitable lay language and in publicly accessible formats so as to engage public 
understanding of the core mission of the institution (including inter-institutional 
partnerships).

G16 The institution has established clear mechanisms to review and reward the 
performance of departments and research groups in the area of dissemination, 
which are integrated with an incentivisation policy providing a variety of incentives.

G17 Mechanisms are in place for staff to report their dissemination activity. Such 
mechanisms maximise research kudos and academic/professional excellence and 
are consistent with any reporting requirements to external organisations

G18 The institution provides assistance and systematic training programmes for staff 
in handling the media, and specific assistance in the drafting of press releases and 
publicity materials.

G19 The institution facilitates the participation of researchers, particularly early career 
researchers, in international conferences and other fora to present their research 
findings and raise their profile

G20 Where possible, dissemination outputs of staff are captured in a centrally managed 
integrated digital repository, linked to any central research activity database, which 
is made available to all units of the institution

G21 The institution has a clear branding policy which is consistent with the research 
communication strategy.
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G22 The institution’s web portal reflects the institution’s core mission and strategy and 

is strategically and systematically managed as a key tool for promoting research to 
the broader community.

H National Research Engagement
H1 Ability of link policy to research and practice
H2 Number of evidence based policies
H3 Number of evidence based development interventions
H4 Number of plans and policies to support research
H5 Existence of national standards (accreditation, quality assurance) regarding the 

evaluation of research institutes
H6 Existence of scientific councils with transparent and efficient systems in place to 

evaluate and disburse competitive research funds
H7 Level of funding of research by the government
H8 Researcher salary on par or above other countries in region

supplementary Table 1: Scientific output of NBSZ over the past 30 years *
Topics Year Journal Authors Details

1. A case of congenital erythroid 
hypoplasia in an African infant 
(Diamond-Blackfan syndrome)

1969 Cent Afr J Med Chitiyo, M. E., 
Maar, S. A. & 
Pritchard, J.

15, 226–229 
(1969)

2. The MN, P, Kell and Duffy 
blood group systems of the 
Zezuru tribe of Rhodesia

1971 Cent Afr J Med Lowe, R. F., 
Gadd, K. G., 
Chitiyo, M. E., 
Emmanuel, J. & 
Robertson, T.

17, 207–209 
(1971)

3. Distribution of Blood Groups 
of Rhodesian Africans

1971 Cent Afr J Med J.C. Emmanuel, 
R. Lowe, 
Robertson

17, 207 (1971)

4. Schistosomal involvement of 
the choroid plexus

1972 Cent Afr J Med Chitiyo, M. E 18, 45–47 
(1972)

5. Primary osteogenic sarcoma 
of the urinary bladder

1973 J. Pathol Chitiyo, M. E 111, 53–56 
(1973)

6. Effect of measles on the intra-
epithelial lymphocyte count 
of malnourished children

1974 S. Afr. Med. J. Axton, J. H., 
Chitiyo, M. E. & 
Schwartz, F. C. 
Letter

48, 2578 
(1974)

7. Letter: Intra-epithelial 
lymphocytes in the jejunum 
of malnourished children.

1974 S. Afr. Med. J. Schwartz, F. C., 
Chitiyo, M. E. & 
Wolfsdorf, J.

48, 2128 
(1974)

8. Causes of unnatural adult 
deaths in the Bulawayo area.

1974 Cent Afr J Med Chitiyo, M. E 20, 57–60 
(1974)

9. Normal Haematological 
Values in Male Rhodesians

1977 Cent Afr J Med J.C. Emmanuel, 
T. French

23, 1, 4. 
(1977)
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supplementary Table 1: Scientific output of NBSZ over the past 30 years * (continued)
Topics Year Journal Authors Details

10. Infant search strategies with 
containers that move but do 
not alter the location at which 
contents can be found

1983 J. Exp Child 
Psychol

Lloyd, S. E. & 
Freeman, N. H.

35, 449–456 
(1983)

11. Modern Trends in Blood 
Component Therapy

1985 The Zim 
SciNews

J.C. Emmanuel Vol. 19, Nos. 
7/8, July/
August 1985: 
83–90

12. Hereditary bleeding disorders 
in Zimbabweans

1987 Cent Afr J Med Mukiibi, J. 
M., Field, S. & 
Lloyd, S. E.

33, 55–60 
(1987)

13. Pooling of Sera for HIV 
Testing: A cost-saving method 
for developing countries

1988 J. of Clin Path M. Bassett, J.C. 
Emmanuel, J. 
Jacobs and H. 
Smith

41: 582–585 
(1988)

14. Western Blot Testing among 
Zimbabwean HIV Patients

1988 Vox Sang J.C. Emmanuel, 
L. Paterson, H. 
Smith

55: 247–248 
(1988)

15. Risk of Hepatitis B Infection 
among Medical and 
Paramedical Workers, in a 
General Hospital in Zimbabwe

1988 J. of Clin Path M. Bassett, J.C. 
Emmanuel, H. 
Smith

41: 334–336 
(1988)

16. Kaposi’s Sarcoma 
in Zimbabwe II. 
Peripheral Lymphocytes, 
Immunoglobulin G levels and 
HIV antibody positivity

1988 J. Clin. Lab 
Immunol

M. Borok, R. 
Downing, J.C. 
Emmanuel, 
S. Grace, D. 
de Villiers, G. 
Wilcok

27: 25–28 
(1988)

17. Reactive Polyarthritis in 
Zimbabwean patients: 
possible relationship to 
Human Immunodeficiency 
Virus Infection (HIV)

1989 The J. of Rheu P. Davis, J.C: 
Emmanuel, A. 
Latif, M. Stein

16:3: 346–348 
(1989)

18. Genital Ulcers and 
Transmission of HIV among 
Couples in Zimbabwe

1989 AIDS M. Bassett, J.C. 
Emmanuel, S. 
Houston, D. 
Katzeinstein, E. 
Marowa

3: 519–523 
(1989)

19. Prevalence of HTLVI in 
Zimbabwe: a pilot survey

1989 J. Clin. Pathol Emmanuel, J. 
C., Bassett, M. 
T., Smith, H. J. & 
Patterson, L. E.

42, 669–670 
(1989)
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20. Pulmonary diseases in 
patients infected with the 
human immunodeficiency 
virus in Zimbabwe, Central 
Africa.

1989 Trans. R. Soc. 
Trop. Med. 
Hyg.

McLeod, D. T. 
et al.

83, 694–697 
(1989)

21. Genital ulcers and 
transmission of HIV among 
couples in Zimbabwe.

1989 AIDS Latif, A. S. et al. 3, 519–523 
(1989)

22. Measurement of alanine 
aminotransferase (ALT) levels 
in Zimbabwean donor serum-
-a possible indicator of non-A, 
non B hepatitis

1989 Cent Afr J Med Emmanuel, J. 
C., Bassett, M. 
T., Smith, H. J. & 
Paterson, L. E.

35, 469–470 
(1989)

23. Clinical and Laboratory 
Characteristics of HIV I 
Infection in Zimbabwe

1990 J. of Acq. 
Immuno. 
Synd.

M, Basset, 
E. Carrow, S. 
Grace, J.C. 
Emmanuel, 
R. Hendry, D. 
Katzenstein, A. 
Latif, A. Mashu, 
E. Marowa, D. 
de Villiers

3: 701–707 
(1990)

24. Haemophilia in Zimbabwe 1990 Trop Geogr 
Med

Mukiibi, J. M., 
Paul, B., Field, S. 
P. & Lloyd, S. E.

42, 32–36 
(1990)

25. Pneumocystis carinii 
pneumonia in patients with 
AIDS in Central Africa.

1990 Respir Med McLeod, D. T. 
et al.

84, 225–228 
(1990)

26. Clinical Presentation on 
Symptomatic Human 
Immunodeficiency Virus 
Infection in Children

1990 Cent Afr J Med R. G. Choto, 
J.C. Emmanuel, 
R. Kumar, F.K. 
Nkrumah

36, 5, 116–120 
(1990)

27. Clinical and laboratory 
characteristics of HIV-1 
infection in Zimbabwe.

1990 J. Acquir. 
Immune Defic. 
Syndr.

Katzenstein, D. 
A. et al.

3, 701–707 
(1990)

28. The Association between HLA 
and Rheumatoid Arthritis in 
Zimbabwean Blacks

1990 Tissue 
Antigens

J.C. Emmanuel, 
R. Martell, E. du 
Toit, M. Stein, 
G. West

36: 125–126 
(1990)

29. HLA Frequencies in 
Zimbabwean Blacks

1990 Tissue 
Antigens

J.C. Emmanuel, 
M. Stein, E. du 
Toit, G. West

36: 122–124 
(1990)

30. Establishing a CMV antibody 
negative panel of blood 
donors.

1991 Cent Afr J Med Emmanuel, J. C. 
& Smith, H. J.

37, 192–194 
(1991)
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31. Safe blood transfusions in 
Africa

1991 AIDS Jäger, H., Jersild, 
C. & Emmanuel, 
J. C

5 Suppl 1, 
S163–168 
(1991)

32. Guillain-Barré syndrome 
associated with human 
immunodeficiency virus 
infection in Zimbabwe.

1991 Neuro. Thornton, C. 
A., Latif, A. S. & 
Emmanuel, J. C.

41, 812–815 
(1991)

33. Sexual Behaviour and Risk 
Factors for HIV Infection 
in a group of Male Factory 
Workers who Donated Blood 
in Harare, Zimbabwe

1992 J. of Acq. 
Immuno.Synd.

M. Basset, J.C. 
Emmanuel, 
A. Latif, D. 
Katzenstein

5: 556–559 
(1992)

34. Distribution of HLA-DQA1, 
-DQB1 and DRB1 alleles in 
black IDDM patients and 
controls from Zimbabwe

1992 Tissue 
Antigens

Garcia-Pacheco, 
J. M. et al.

40, 145–149 
(1992)

35. AIDS prevention is thicker 
than blood. Zimbabwe

1992 Links Steinberg, J. 9, 3 (1992)

36. Iron Overload in Africa: 
Interaction between a gene 
and dietary iron content

1992 New Eng. J. of 
Med

V. Gordeuk, J. 
Mukiibi, S.J. 
Hasstedt, W. 
Samowitz, 
C.Q. Edwards, 
G. West, S. 
Ndambire, J.C. 
Emmanuel, 
N. Nkanza, Z. 
Chapanduka, 
et al

326(2): 
95–100 (1992)

37. Characteristics of anti-A and 
anti-B in black Zimbabweans

1994 Vox Sang. Adewuyi, J. O., 
Gwanzura, C. & 
Mvere, D

67, 307–309 
(1994)

38. Blood donor counselling for 
HIV: results of a multi-country 
feasibility study

1994 Public Health Miller, D., 
Kalibala, S., 
Anderson, S., 
Emmanuel, J. & 
Petitgirard, A.

108, 219–226 
(1994)

39. Blood transfusion systems 
in economically restricted 
countries

1994 Vox Sang Emmanuel, J.C. 67 Suppl 3, 
267–269 
(1994)

40. Deferral of blood donors with 
risk factors for HIV infection 
saves lives and money in 
Zimbabwe

1995 J. Acquir. 
Immune Defic. 
Syndr. Hum. 
Retrovirol.

McFarland, 
W., Kahn, J. G., 
Katzenstein, D. 
A., Mvere, D. & 
Shamu, R.

9, 183–192 
(1995)
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41. Strong preference ‘to donate’ 
among HIV-positive blood 
donors in Zimbabwe.

1996 Lancet Mvere, D. et al. 347, 902 
(1996)

42. Rapid and simple hepatitis 
assays: encouraging 
results from a blood donor 
population in Zimbabwe.

1996 Bull. World 
Health Organ.

Mvere, D. et al. 74, 19–24 
(1996)

43. Haemophilia care in 
Zimbabwe.

1996 Cent Afr J Med Adewuyi, J. O., 
Coutts, A. M., 
Levy, L. & Lloyd, 
S. E.

42, 153–156 
(1996)

44. Epidemiology and prevention 
of transfusion-associated 
human immunodeficiency 
virus transmission in sub-
Saharan Africa.

1997 Vox Sang McFarland, 
W., Mvere, D., 
Shandera, W. & 
Reingold, A.

72, 85–92 
(1997)

45. Risk factors for prevalent 
and incident HIV infection in 
a cohort of volunteer blood 
donors in Harare, Zimbabwe: 
implications for blood

1997 AIDS McFarland, W., 
Mvere, D. & 
Katzenstein, D.

11 Suppl 
1, S97–102 
(1997)

46. Establishment and 
Organization of a Blood 
Transfusion Service

1998 Vox Sang. J.C. Emmanuel 67, 4-7, (1998)

47. Risk factors for HIV 
seropositivity among 
first-time blood donors in 
Zimbabwe.

1998 Trans. McFarland, 
W., Mvere, D., 
Shamu, R. & 
Katzenstein, D.

38, 279–284 
(1998)

48. Blood safety 1998 Emer. Infect. 
Dis.

Chamberland, 
M. E. et al

4, 410–411 
(1998)

49. Worldwide ethnic distribution 
of the G protein beta3 subunit 
825T allele and its association 
with obesity in Caucasian, 
Chinese, and Black African 
individuals

1999 J. Am. Soc. 
Nephrol

Siffert, W. et al. 10, 1921–
1930 (1999)

50. Aero-allergen sensitisation 
patterns amongst atopic 
Zimbabwean children.

1999 Cent Afr J Med Kambarami, R. 
A., Marechera, 
F., Sibanda, E. 
N. & Chitiyo, 
M. E.

45, 144–147 
(1999)

51. Informed consent for blood 
transfusion.

1999 Cent Afr J Med Chitiyo, M. E 45, 189–190 
(1999)

52. Hypotension and bedside 
leukocyte reduction filters

1999 Cent Afr J Med Chitiyo, M. E 5, 164 (1999)
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53. Validity of HbCS in Blood 
Donor Screening

2001 Vox Sang. J.C. Emmanuel, 
M. Lewis

80, 2001

54. Comparative evaluation and 
assessment of the diagnostic 
usefulness of four commercial 
HIV-1/HIV-2 antibody assays 
using two well-characterized 
serum panels from Blood 
Transfusion Service and the 
National Health Laboratory 
Services in Zimbabwe.

2001 Cent Afr J Med Chishawa, O. 
et al.

47, 1–8 (2001)

55. The prevalence of Herpes 
simplex virus type-2 infection 
in blood donors in Harare, 
Zimbabwe.

2002 Cent Afr J Med Gwanzura, L. 
et al.

48, 38–42 
(2002)

56. Evaluation of the 
haemoglobin colour scale

2002 WHO Bull. Cherian, M. 
et al.

80, 2002

57. Challenges in global blood 
safety

2004 World Hosp 
Health Serv

Dhingra, N., 
Lloyd, S. E., 
Fordham, J. & 
Amin, N. A.

40, 45–49, 51, 
52 (2004)

58. Demographic and social 
characteristics of regular 
donors who sero-converted 
in Harare

2006 Afr J Med Med 
Sci

Mandisodza, A. 
R., Muringami, 
T., Musekiwa, 
Z., Mvere, D. & 
Abayomi, A.

35 Suppl, 113–
117 (2006)

59. Prevalence of HIV infection in 
school based and other young 
donors during the 2002 and 
2003 period

2006 Afr J Med Med 
Sci

Mandisodza, A. 
R. et al.

35, 69–72 
(2006)

60. A letter from Kenya. Trans. Nyamongo, J. & 
Mvere, D. A

48, 1262 
(2008)

61. Incidence of haemolytic 
disease of the newborn in 
Harare, Zimbabwe

2008 West Afr J 
Med

Mandisodza, 
A. R., Mangoyi, 
G., Musekiwa, 
Z., Mvere, D. & 
Abayomi,

27, 29–31 
(2008)

62. Development and evaluation 
of a new paediatric blood 
transfusion protocol for 
Africa.

2010 Transfus Med Cheema, B. 
et al.

20, 140–151 
(2010)

63. Material & equipment, 
procurement & maintenance: 
Impact on blood safety

2010 Biologicals Emmanuel, J.C. 38, 78–80 
(2010)
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supplementary Table 1: Scientific output of NBSZ over the past 30 years * (continued)
Topics Year Journal Authors Details

64. Expert Consensus Statement 
on achieving self-sufficiency 
in safe blood and blood 
products, based on voluntary 
non-remunerated blood 
donation (VNRBD).

2012 Vox Sang WHO Expert 
Group

103, 337–342 
(2012)

65. Human immunodeficiency 
virus prevalence, incidence, 
and residual transmission risk 
in first-time and repeat blood 
donations in Zimbabwe: 
implications on blood safety.

2013 Trans. Mapako, T. et al. 53, 2413–
2421 (2013)

66. Incidence and pattern of 12 
years of reported transfusion 
adverse events in Zimbabwe: 
a retrospective analysis

2013 Blood Transfus 
Trasfus 
Sangue

Mafirakureva N. 
et al

12, 3, 362–7 
(2014)

67. Prevalence of bacterial 
contamination in blood 
and blood products at the 
National Blood Service 
Zimbabwe

2014 J Infect Dev 
Ctries

Makuni et al 9(4):421-424 
(2015)

68. Within-Gender Changes in 
HIV Prevalence among Adults 
between 2005/6 and 2010/11 
in Zimbabwe

2015 PLoS One Gonese E, 
Mapako T, et al

10, 7, 
e0129611 ( 
2015)

69. Profiles of blood and blood 
component transfusion 
recipients in Zimbabwe

2015 Blood Transfus 
Trasfus 
Sangue

Mafirakureva N. 
et al

13, 4, 600–9 
(2015)

70. The costs of producing a unit 
of blood in Zimbabwe

2015 Trans. Mafirakureva N. 
et al

doi: 10.1111/
trf.13405 
(2015)

71. Impact of using different 
blood donor subpopulations 
and models on the estimation 
of transfusion transmission 
residual risk of human 
immunodeficiency virus, 
hepatitis B virus, and hepatitis 
C virus in Zimbabwe.

2016 Trans. Mapako T, et al doi: 10.1111/
trf.13472 
(2015)

* Based on NBSZ publications database and online search (PubMed) for NBSZ and collabora-
tive research work. This does not necessarily reflect all NBSZ published work.
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InTRoDUCTIon

This thesis focuses on the modelling of residual risk of transfusion transmissible 
infections (TTIs)1,2 with emphasis on a resource constrained settings in sub-Saharan 
Africa.3,4 The Africa Society for Blood Transfusion Research Priorities (2008)5 in-
formed the basis of the studies undertaken in this thesis, focusing on research 
components rated high priority for the sub-Saharan Africa. The need to monitor 
the residual risk of TTIs has always been a major priority in transfusion medicine.6–8 
We first explored the HIV burden and dynamics in the general and blood donor 
populations and how this impacts the blood safety programme in Zimbabwe as 
described in Chapters 2 and 3.1,3 The first level for blood safety management is 
to identify low-risk populations for TTIs and target these for blood donations 
purposes. In order to do this, a clear understanding of the TTIs dynamics in the 
general and blood donor populations is appropriate. In the blood donors, it is also 
important to track and compare the TTIs from the new and repeat donations, 
as these tend to differ. A comparison of TTIs residual risk estimation models ap-
plicable for Zimbabwean blood service data was investigated and presented in 
Chapter 4.2 We determined the transfusion residual risk estimates for viral TTIs, 
human immunodeficiency syndrome (HIV), hepatitis B virus (HBV), and hepatitis C 
virus (HCV) in Zimbabwe based on application of three residual risk models devel-
oped for different settings. Determining accurate and understanding the residual 
risk estimates will assist the National Blood Service Zimbabwe in designing and 
implementing appropriate risk management strategies to optimise blood safety. 
In Chapter 5,9 a novel methodological approach is presented to estimate the risk 
of TTIs by travelling blood donors to areas with endemic or an ongoing emerging 
infectious diseases. The TTIs risk challenges posed by travelling donors is now a 
common global phenomenon, which affects both the developed and developing 
countries. We developed a generic and systematic model to assess this TTIs risk 
of emerging infectious diseases from travelling donors. The model will assist au-
thorities in blood transfusion services settings to proactively assess the traveller’s 
TTIs risk on their domestic blood supply and institute evidence-based measures to 
mitigate the posed risk. In Chapter 6, we describe the cost-effectiveness analysis of 
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introducing individual donation nucleic acid testing (ID-NAT) testing in addition to 
serologic testing in Zimbabwe. There is an intention within the National Blood Ser-
vice Zimbabwe to consider the addition of ID-NAT to further enhance blood safety 
but being cost-sensitive to implications of this intervention as investigated in our 
study. In Chapter 7,10 we describe a systematic approach to assess blood services 
institutional research capacity that will enable the generation of local evidence to 
inform evidence based decision making for their context. Currently, there is limited 
published evidence from sub-Saharan Africa blood services that informs their 
blood transfusion policies and practices as they currently rely on evidence gener-
ated from predominately western settings. The capacity to generate local evidence 
would require that the blood services initially build their research capacity. This 
research capacity development process is sadly missing in sub-Saharan Africa and 
our published tool, successfully piloted at National Blood Service Zimbabwe, will 
assist the blood services to assess their institutional research capacity.

Overall, the thesis main objective was to assess how the blood safety in Zimba-
bwe can be safeguarded through risk modelling of TTIs and the research questions 
explored 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 ID-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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GeneRal DIsCUssIon

The general themes of this thesis are several fold. Firstly, the assessment of HIV 
burden in general and blood populations, and its implications on the blood safety 
programme, especially on the blood donor management. Secondly, the studies 
focused on the TTIs residual risk and travellers’ risk modelling focusing mainly on 
resource limited setting. Lastly, we examined the implications of our studies for 
blood services (research capacity) and transfusion patients (cost effectiveness) 
with focus on sub-Saharan Africa settings.

HIV in general and blood donor populations – implications on blood safety

Our studies looked at these two populations (general and blood donor) HIV 
changes over two periods and examined the possible impact on blood safety in 
Zimbabwe. There is need to understand the epidemiological context of TTIs in 
both populations as it is critical to ensure safer blood donations. Past studies have 
shown that Zimbabwe is categorized as a country with a generalized epidemic of 
HIV.11–17 Comparison of HIV data in general and donor populations can be key in 
responding to HIV burden18 especially in Zimbabwe, which does have a generalised 
HIV epidemic.19 As presented in Chapter 2, the variations in the change in HIV 
prevalence support studies that have shown that national trends mask the real 
differences hence the need of disaggregated analysis of data.20,21 The findings 
further support the view that the HIV epidemic in Zimbabwe is heterogeneous 
and these variations warrant a data driven focused approach in HIV programming. 
The provincial variations in HIV changes may be due to the increase in prevalence 
in geographic locations that are closer to a boarder or are situated around a 
highway from boarder. In other cases this has been attributed to higher internal 
and inter-country migration due to economic pressures. The decline in prevalence 
among young woman in age groups 15-39 years may suggest a reduction in HIV 
incidence. All these HIV trends at population level are important in informing the 
blood safety programming as risky areas would be avoided and safer donor groups 
will be targeted for recruitment. The presented donor management factor (general 
population HIV prevalence divided by the blood donor HIV seroprevalence) would 
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indicate progress or challenges in blood safety programme management. The 
concept of calculating HIV ratios (donor management factor in our study) between 
different sub-populations was also proposed by Borgdolff and coworkers22 in their 
study in Mwanza Region, Tanzania. We note that there have been limited studies in 
literature to utilise this ratio especially for blood safety management whereas this 
would greatly assist in blood donor management. The donor management factor 
decline that was observed for the Zimbabwe blood safety programme may be a 
reflection of increasing difficulties encountered in attracting safer blood donations. 
This would point to the need for more blood safety budgetary support in Zimbabwe 
for further public (donor) education, intensified donor selection and introduction 
of contemporary blood donation testing technologies such as ID-NAT and pathogen 
reduction. There is speculation (personal communications within National Blood 
Service Zimbabwe) that the generation born in an environment with HIV (those 
born from 1985) is now contributing to blood donations, hence this may be con-
tributing to HIV cases in the age group 16-20 years which is not driven primarily by 
risky behaviour exposure of the blood donor. This may represent a new dimension 
for the blood safety programme to deal with, given that 70% of blood donations in 
Zimbabwe are from this age group. This finding would not only have blood safety 
implications for Zimbabwe, but also for other settings with high proportions of 
young donors and with generalized HIV epidemic which is the actual situation for 
most sub-Saharan Africa countries. There is a need for a global multi-centre centre 
study to determine the generalizability of donor management factor in different 
settings and context. We were not able to extend our studies for similar analysis 
to include other key viral TTIs of HBV and HCV as the general population level data 
of these is not readily available in Zimbabwe. This should though be priority for 
future studies.

In summary, our findings points to the need for blood services to constantly 
undertake or participate in (sub) population based studies on current and emerg-
ing 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. The donor management factor will also need to be applied 
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to different settings and assess its utility as a global tool for assessing donor man-
agement by blood services. Our study was constrained as it focussed on HIV due 
to non-availability of data on HBV 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 sub-Saharan Africa settings. The multi-stakeholders in Zimbabwe need 
to be actively engaged so that in addition to the HIV module in the Zimbabwe 
Demographic Health Surveys, there are modules especially for HBV and HCV at 
population level as this will help to inform the blood safety programme. Another 
active area for research focus at both the general and blood donor populations 
level is the co-infections of viral TTIs as this will assist further in informing public 
health policies.

blood donor risk management of TTIs

In Chapter 3, we presented the National Blood Service Zimbabwe HIV risk manage-
ment strategy, which includes screening, and discarding of first-time donations, 
which are collected in blood packs without an anticoagulant (dry pack).1 The Zim-
babwean strategy deviates from other settings, especially from developed settings, 
which do not make use of new donations but only take a sample for testing. The 
concept of sample collection only for presenting higher risky blood donors is cur-
rently being investigated in Zimbabwe by assessing the views of donors (especially 
potential stigmatization in school settings) and the potential risk that the National 
Blood Service Zimbabwe might be used as an HIV voluntary counselling and testing 
centre (see Appendix A3: Abstract 7). There is early evidence of such test-seeking 
behaviour among some of the blood donors and thereby compromising blood 
safety.1,8,23 In both first-time and repeat blood donations, the HIV seroprevalence is 
lower than in the general population,24,25 which indicates the efficacy of donor mo-
tivation and selection procedures by National Blood Service Zimbabwe. The overall 
residual risk estimates in first time and repeat donations were comparable and 
this finding is consistent with the findings of Shang and co-workers 23 who found 
a lower residual risk among Shenzhen first-time blood donors. This is in contrast 
with Western blood donor populations. They speculated that this might be due 
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to differing donor demographics and donation motivations in the population they 
studied. In Zimbabwe, just like Shenzhen, the donor population is relatively young, 
which differ markedly with, for example, Australia with a median donor age of 44 
years.23 The young donors are generally considered highly mobile and prone to risky 
behaviours, which may have the consequence for characterizing the risk profile of 
first-time and repeat donors. In high HIV prevalence settings, such as Zimbabwe the 
use of appropriate donor selection methods complemented with advanced testing 
technologies will improve blood safety. In South Africa where the HIV prevalence 
in the general population is 11.4%,26 the South Africa National Blood Service re-
ported their residual risks in first-time and repeat donors as 1:25,641 (3.9/100,000 
donations) and 1: 40,000 (2.5/100,000 donations), respectively based on the study 
by Heyns and co-workers.26 After ID-NAT introduction in 2005, the South Africa 
National Blood Service reported 27 that the residual transmission risk of window 
phase donations was estimated at 1:479,000, which indicates enhanced blood 
safety through implementation of an advanced testing technology. In another 
residual transmission risk of TTIs study in sub-Saharan Africa by Jayaraman and 
colleagues8 it was estimated that the risk of HIV transmission is 1:1,000 donations 
(1 infection per 1,000 units), which is high compared to the Zimbabwean data. 
This may be indicative of different risk management strategies required in the 
sub-Saharan Africa blood services, depending on variations in prevalence and also 
related differences in cost-effectiveness.

In summary, the results indicate that for HIV prevalence the risk management 
strategy is sufficiently working as the HIV relative risk was about three times in 
first time discarded donations compared to repeat usable donations. However, the 
residual risk estimates in both first-time and repeat donations 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 management strategies. 
It has also been argued that the National Blood Service Zimbabwe can consider 
collecting only a test tube blood sample (as opposed to collecting a full unusable 
dry pack) in situations of perceived (uncertain) higher risk donation, which does 
not warrant a blood donor deferral. However, this paradigm shift would require 
public and donor education so that the National Blood Service Zimbabwe does not 
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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 
(appendix a3, abstract 5). Our analysis has shown that the new donors in the age 
group of 45 years and above are not as safer as currently thought at NBSZ and the 
risk management guideline is being reviewed to reflect this. Similar observations 
were noted for the majority donation age group of 16-20 years were HIV cases are 
increasingly getting worrying. All these points to the need for the National Blood 
Service Zimbabwe to explore further safer options for blood donations and intensify 
on donor retention strategies so as to optimise donations from repeat donors. In 
this study we demonstrated that new donors in the younger age group contribute 
majority of HBV cases and how this can be managed without compromising blood 
supply in Zimbabwe remains open for further research work. There is need for 
implementation of risk-based decision-making framework in sub-Saharan Africa as 
part of overall blood safety initiatives.

Risk modelling of TTIs

As presented in Chapters 4, the residual risk estimates for Zimbabwe are low 
(1:10,000 – 1:1000), when compared to the majority of blood services in sub-
Saharan African countries, which have moderate levels of residual risk estimates 
(1:1000–1:100) to high (1≥1:100).8,28 However, residual risk estimates for sub-
Saharan Africa vary greatly as residual risk estimates for HIV have been estimated 
and ranges from 1 in 90,200 donations to 1 in 25,600 donations in a multinational 
collaborative study.7 The variation found in various studies estimates may be a 
reflection of the application of different residual risk models, data quality, or dif-
ferences in study coverage (facility / regional / national). All these factors will 
ultimately compromise the full understanding of the actual status and attempts to 
monitor and evaluate the effectiveness of blood safety measures in sub-Saharan 
African countries. Our study has provided a justification for the use of comparable 
residual risk models for use by regional health authorities, policy makers and deci-
sion markers.8 Blood Safety projects should include residual risk estimates as an 
indicator tool for monitoring and evaluation in the programme management, to 
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complement current measures for tracking seroprevalence trends. The Africa Soci-
ety for Blood Transfusion has commendably included residual risk assessment for 
blood transfusion services as part of its stepwise accreditation programme 29 and 
research initiatives 30–32 to promote and standardize the residual risk estimation in 
blood services in the region. We note that there is no universally accepted residual 
risk classification and there is a risk classification proposed by Calman,28 which 
could be considered for adoption. This residual risk classification was adopted by 
the Australian Red Cross Blood Service, which uses four published risk models, to 
determine residual risk estimates.33 The use of three models in this study identifies 
the challenges inherent in residual risk modelling. This is an opportune time for 
blood services to agree on a generic model(s), which can be used for estimating 
residual risk. Van Hulst and colleagues 34 and the online EUFRAT tool (for emerging 
infectious diseases), 35,36, have demonstrated the importance of such tools.

In summary, the three models applied (a classical incidence-window period 
risk model and two adapted version in China and Zimbabwe) provided comparable 
residual risk estimates. This process allowed us to determine appropriate residual 
risk estimates 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. 
There remains a question on how the risk estimates can be categorised so that 
non-risk modellers who are mainly the policy makers and decision makers are 
properly guided so that they can apply the results in informing blood safety pro-
gramming. 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, we have demonstrated that it is feasible to estimate for any 
setting (developed and developing countries) the number of transmissions from 
travelling donors using the novel method we developed. We applied the travellers’ 
risk model to the chikungunya outbreak in Italy 37 and the Q fever outbreak in the 
Netherlands 15 as these have previously been analysed using EUFRAT for the trans-
fusion transmissible risk among the local residents.36 For chikungunya outbreak, we 
estimated the traveller’s risk for a one week visit as 0.1 per million (0.1 infections 
in 1,000,000 donations made by travellers to the outbreak region). Liumbruno and 
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colleagues reported that during this outbreak, a 21-day deferral policy was imple-
mented nationally for all donors who had visited the risk area even for a few hours, 
although their acceptable cut-off risk is 1 in 380,000, which is much higher than our 
model’s estimate.37 Had the travellers’ risk model been available at that time, the 
policy might have been different. Chikungunya has only a short infectious period 
of 8 days, therefore, only a limited number of future infections are anticipated. 
The ability of the travellers’ risk model to generate the expected number of future 
infections allows decision makers to quantify the potential immediate impact of 
(in)action on transfusion safety. Application of the travellers’ risk model may assist 
blood establishments in harmonising risks posed by travelling donors.38 Several 
studies have shown that travellers do pose a risk39,40 which requires blood authori-
ties in both the developed and developing settings to have mechanisms in place to 
manage such risks.41,42 The limited number of generic model parameters required 
permits the model to be applied in very diverse settings including sub-Saharan 
Africa. This not only empowers public health decision-makers with an appropriate 
tool to objectively quantify the risk from traveling donors, but also provides a sound 
proactive basis for enhanced management and response to outbreak situations. In 
addition to our risk modelling efforts, there is need to enhance the risk modelling 
based on the developed framework for risk-based decision-making43–45 to assess 
utility in resource-limited settings in sub-Saharan Africa.

In summary, the generic model we developed can be implemented in different 
settings globally based on few carefully selected parameters. When we applied our 
model to two published outbreaks of Chikungunya in Italy and Q-fever in Nether-
lands we demonstrated the utility of our novel approach, which make a distinction 
of past and future infections estimations. This allows the health authorities to 
objectively assess their action options to respond to the risk threats. Our model 
will allow a standardised approach to traveller’s risk and hopefully will facilitate 
global harmonisation of travel related deferrals in different settings. A prospective 
application of the model in real-time outbreaks will allow us to further understand 
the model application and have feedbacks on experiences and lessons learnt.
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Implications for blood services and transfusion patients

We examined the implications of our studies especially for the sub-Saharan Af-
rica. One key aspect is for the blood services to be able to make evidence based 
decisions for the blood safety programme. As presented in the previous chapters, 
one such safety measure is to consider and implement new testing technologies. 
However, this comes at an additional cost. We investigated the cost-effectiveness 
implication of adding ID-NAT testing to the serologic testing of HIV, HBV, and HCV in 
Zimbabwe as have been done elsewhere for such interventions.46–49 As presented 
in Chapter 6, it was shown that the introduction of ID-NAT in addition to serologic 
tests would lower HBV, HCV, and HIV transmission risks and 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 gross national 
income (GNI) per capita for Zimbabwe.50 However, the use of this WHO threshold 
and its applicability in settings such as Zimbabwe warrants further attention, as this 
value in other developed settings would result in favourable decision. Although 
desirable, the implementation of ID-NAT in Zimbabwe will result in a significant 
increase in the unit cost of blood (fee-for-service),51 which is already considered 
expensive and unaffordable by the public sector hospitals. This would adversely 
affect the patient’s receiving transfusion services in Zimbabwe. Thus, although the 
introduction of NAT could further improve the safety of the blood supply, current 
evidence suggests that it cannot be considered cost-effective. It was noted that 
reducing the test costs for NAT will improve cost-effectiveness and National Blood 
Service Zimbabwe would need to pursue this route with NAT vendors and funders. 
In summary, our findings were unfavourable to the addition of ID-NAT based on 
the threshold of three times the GNI as recommended by WHO. We noted chal-
lenges 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 order for blood services in resource-constrained settings to be able to 
generate their evidence for decision making (as demonstrated in this thesis), it is 
desirable to have structured research capacity building process of the institutions. 
As described in Chapter 7,10 it is feasible and useful to apply a structured process 
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to review the research capacity of blood services as evidenced by a successful pilot 
application at National Blood Service Zimbabwe. It was noted that the National 
Blood Service Zimbabwe’s research policies and strategies are similar to those of 
academic institutions in Africa52,57,58 and in more well-resourced countries such 
as United Kingdom, Australia and the Netherlands55–58 but are focussed more on 
improving internal operations than on generating research that is relevant interna-
tionally. There are other research models especially in developed countries, which 
National Blood Service Zimbabwe and other blood services (Canada, Australia and 
United Kingdom) could also consider.55,56,59 Although there are these examples of 
other models of the organization 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 
organization within blood services so that best practice guidelines can be devel-
oped and adopted.

ConClUsIon anD fUTURe PRosPeCTs

In conclusion, overall this thesis has demonstrated that the risk modelling of TTIs 
can be equally and gainfully applied in sub-Saharan Africa and this momentum 
needs be maintained. The HIV changes and patterns linkages have been established 
from general to blood donor populations. The use of donor management factor as 
a risk assessment and management ratio for blood safety has been demonstrated 
and can be potentially transferred to other settings. The viral TTIs (HIV, HBV, and 
HCV) residual risk estimates for Zimbabwe were determined and used to assess 
the blood safety implications, and 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 sub-Saharan Africa were assessed and it was demonstrated that sub-
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Saharan Africa adapted model performed comparatively well with other published 
models. These viral TTIs residual risk estimates needs to be further monitored and 
compared across sub-Saharan Africa based on comparable data sets and similar 
models applications. The travellers’ risk model we developed can be applied glob-
ally, 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. 
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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sUMMaRy

The aim of the workshop was for key stakeholders in blood transfusion services in 
sub-Saharan Africa to develop an agreed research agenda to fill gaps in the evidence 
needed to improve the supply and safety of blood for transfusion. The research 
agenda focuses primarily on obtaining high quality information about existing 
services and their effectiveness in order to be able to target areas where interven-
tions will have maximum impact. Participants confirmed that there is limited and 
uncoordinated research expertise within the transfusion services in sub-Saharan 
Africa and this deficit will need to be addressed urgently as the research agenda is 
translated into action.

baCKGRoUnD

Improving the supply of safe blood is a key intervention in reducing mortality and 
morbidity in sub-Saharan Africa (SSA) especially in young children and pregnant 
women. The purpose of this workshop was to bring together transfusion service 
providers, users and researchers to define and prioritise research to fill gaps in 
the evidence supporting improvements in the safety, adequacy and equity of the 
supply of blood for transfusion in SSA, and to identify and disseminate examples 
of best practice.

The three day workshop was funded by the Wellcome Trust and co-hosted by 
the Kenya Chapter of the Africa Society for Blood Transfusion (AfSBT), the Regional 
Blood Transfusion Centre in Mombasa and the Kenya Medical Research Institute 
(Kilifi), with assistance from Oliver Hassall (OH; Kilifi, Kenya), Julie Makani (JM; 
Dar es Salaam, Tanzania) and Imelda Bates (IB; Liverpool, UK). The 36 participants 
were from 13 countries and included transfusion researchers, transfusion service 
directors and funders, and representatives of transfusion users including senior 
obstetricians, anaesthetists and paediatricians.
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WoRKsHoP oUTlIne

The workshop addressed five main research areas which covered all aspects of 
transfusion practice. All participants were invited to make a presentation and final 
speakers were selected by the organisers to represent a range of topics, back-
grounds and countries. A half-day session was devoted to each theme and each 
session consisted of four 10-minute thought-provoking presentations to highlight 
key areas of the theme. For the rest of the session participants were split into groups 
of six and they discussed around the topic to identify key evidence gaps and devise 
research questions to address these gaps. At the end of each session the groups’ 
deliberations were discussed by all participants and consensus reached about the 
priority topics and research emphases. The consensus results were presented back 
to all participants in the sixth (final) session for refining and final agreement. All 
participants contributed to discussions about mechanisms for implementing, fund-
ing and disseminating the agreed blood transfusion research agenda.

PRoCeeDInGs anD oUTCoMes of WoRKsHoP

Research Priority areas

The research priority areas identified to inform better transfusion practice in SSA 
are listed below and are then described in detail.
1. Reducing transfusion-transmitted infections
2. Increasing recruitment and retention of safe donors
3. Promoting appropriate use of blood transfusion
4. Managing supply, stocks and equitable distribution
5. Transfusion service models – cost, effectiveness and sustainability
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REDUCING TRANSFUSION-TRANSMITTED INFECTIONS

The variable prevalence rates, infection risk and screening methods for HBV and 
to a lesser extent, HCV and syphilis, mean that it is difficult for hospitals and trans-
fusion services to make rational decisions about the risks, benefits and costs of 
different strategies for screening blood based on evidence from outside Africa. The 
morbidity/mortality due to transfusion-transmitted malaria and the benefits and 
feasibility of screening for malaria are unknown. In SSA children are major users 
of blood. Because paediatric packs are expensive adult units are split into smaller 
aliquots with the risk of bacterial contamination. Evidence is needed to ensure 
transfusion services cater adequately for children as well as adults.

Research Questions / Topics

1. Can a model be developed that enables variables such as prevalence, test cost 
etc to be inputted to provide information about cost effectiveness of screening/
not screening for TTIs (e.g. HBV, HCV, syphilis). The model should incorporate 
the variable effectiveness different screening strategies (e.g. pre- or post-
donation testing, NAT testing) with differing prevalence rates.

2. What are the factors that contribute to the prevalence and epidemiology of 
TTIs. Simple IT systems are needed to enable rigorous inter-country compara-
tive studies of TTIs using ‘look back’, and recipient tracing

3. Can a centralised service be established to advise on validated test kits for TTIs? 
What robust, practical systems can be used to ensure test quality particularly 
in hospital based systems? Does HIV infection interfere with grouping/cross-
matching?

4. Should malaria screening be carried out? Are there appropriate tools and what 
alternative strategies (e.g. treating recipients with anti-malarials) more appro-
priate/ cost-effective? Would giving ITNs to donors reduce transfusion-malaria 
risk?

5. Is there clinically significant bacterial contamination of blood packs? Is it 
restricted to packs split for paediatric use and how can contamination be re-
duced? How could the cost of paediatric bags be reduced?
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InCReasInG ReCRUITMenT anD ReTenTIon of safe DonoRs

About 80% of the blood in SSA comes from replacement donors. A large proportion 
of voluntary donors are secondary school children. There is very little published 
information about what motivates and deters blood donors/non-donors in SSA. 
Without this information, meaningful recruitment and retention strategies cannot 
be implemented and tested. There are no mechanisms to measure the impact and 
cost-effectiveness of locally appropriate donor strategies. Donor care (post-test 
counselling, referral and treatment) is an important transfusion service responsibil-
ity with implications for donor recruitment and retention and wider public health, 
but practice is not standardised or evidence-based.

Research Questions / Topics

1. What evidence exists about donor motivation and retention in SSA? How can 
this be disseminated and used to develop appropriate and cost-effective educa-
tion and marketing strategies? Does the private sector have a role in donor 
recruitment and/or screening? What incentives are acceptable? How can the 
safety and supply of replacement donations be improved? Are SMS and other 
technologies useful?

2. What are existing practices for referring donors for management of TTIs and 
anaemia? Evidence is needed to inform an effective but practical donor care 
strategy. What is the impact of regular donation on haematinic balance in do-
nors in SSA? Should donors be offered HBV vaccination and could donors who 
clear HBV and syphilis infections be re-recruited instead of deferred for life?

3. What are the lessons and costs of different donor recruitment models, includ-
ing databases, lookback systems, testing algorithms and donor counselling? 
Could donor screening be integrated with VCT/HIV services?
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PRoMoTInG aPPRoPRIaTe Use of blooD TRansfUsIon

There is significant inappropriate use of blood and blood products in SSA coexist-
ing with lack of supply. The problem is compounded by lack of knowledge about 
use of blood/component transfusions and poor/unknown quality of haemoglobin 
measurements which are critical to guide decisions to transfuse and for monitoring 
transfusion effectiveness. There is little evidence available to guide hospital man-
agement of children with uncomplicated severe anaemia (Hb 4-6g/dl) and the evi-
dence underpinning transfusion guidelines for adults and children is weak. There is 
almost no information about the prevalence and patterns of transfusion reactions 
in SSA and no system for detecting and reporting these reactions; patterns are likely 
to be different from those in other regions. There is mistrust between hospital staff 
and transfusion services which hampers effective use of blood. Blood transfusion 
committees may be one mechanism to bridge this gap in larger hospitals but they 
are difficult to establish and maintain.

Research Questions / Topics

1. What is the evidence to guide emergency pre-transfusion management of adults 
and children with severe anaemia and for prescribing transfusions including 
those to stable children with Hb 4-6 g/dl. How can accurate, rapid haemoglobin 
measurements always be available to inform transfusion practice?

2. How can clinicians ensure that guidelines for appropriate use of blood/products 
are adhered to at all health service tiers in SSA, and how can the impact of 
adherence by evaluated? What are the alternatives to transfusion in SSA (e.g. 
iron, autologous transfusion, anti-fibrinolytics) and how should they be used? 
In what circumstances would outpatient rather than inpatient transfusions be 
cost-effective?

3. What are the patterns and prevalence of transfusion reactions in different 
settings in SSA including alloimmunisation in multiply-transfused patients, and 
incidence of detect delayed reactions and infections. How can severe reactions 
be effectively confirmed, communicated and lessons learnt and disseminated?
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4. What factors hinder good collaborations between hospital and transfusion ser-
vice staff? Would a haemovigilance officer and/or blood transfusion committee 
peer review of blood utilisation practices facilitate better blood use?

MANAGING SUPPLY, STOCKS AND EQUITABLE DISTRIBUTION

In contrast to wealthy countries, the majority of transfusions in SSA are emergen-
cies. Most deaths from lack of blood occur in the community and/or primary health 
facilities so efforts should focus on improving blood supply in the periphery. The 
need for blood in SSA is unknown. Tools are needed to provide reliable estimates 
of units needed/capita so that adequacy of supply at all health services tiers can 
be assessed. Transfusion services have no mechanisms for predicting changes in 
trends in blood/component usage (e.g. due to impact of ACTs, ITNs and ARVs). 
There is inequitable distribution with those living close to a central BTS having bet-
ter access but the degree of inequity needs to be quantified and mapped. Inequity 
is exacerbated by poor distribution and management of existing blood stocks and 
lack of evidence to guide discard policies (e.g. 30 minute ‘out of fridge’ rule). There 
is no system in the region for utilising excess plasma produced by centres which 
prepare blood components.

Research Questions / Topics

1. How much blood do the countries of SSA need? What tools and what models 
can be developed to estimate this need, to document unmet need and to priori-
tise facilities with the greatest gap in supply? What factors contribute to unmet 
need, what is the impact of unmet need on morbidity and mortality and how 
can this be measured, addressed and monitored?

2. How much does mismanagement of stocks within facilities contribute to inad-
equate supply (e.g. ordering, stock management, inappropriate transfusions)? 
What is the evidence to guide discard policies in SSA including the effect of using 
domestic refrigerators for storage and the ’30 minute rule’? Could Maximum 
Blood Ordering Schedules work in SSA? How can changing trends in transfusion 
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needs for HIV and malaria patients be predicted and catered for in different 
transfusion systems?

3. What is the distribution policy in centralised systems? What is the degree of 
inequity in access to blood supply in all systems? What factors contribute to 
this inequity and what mechanisms can be used to improve existing hospital-
based systems? What is the true cost of blood to families in different countries/
systems (including hidden costs such as donor recruitment)? How do hospitals 
make rational choices about transfusion recipients when supplies are inad-
equate? What interventions can improve equitable access to blood?

4. What are the options in SSA for contract fractionation that would be ethical 
and acceptable to donors and what evidence-based recommendations can be 
made?

TRANSFUSION SERVICE MODELS – COST, EFFECTIVENESS AND 
sUsTaInabIlITy

The hospital-based system provides 80% of blood in SSA. It is sustainable and 
based predominantly on replacement donors but it cannot meet all demand and 
it is difficult to ensure quality. Centralised systems are more controllable, predict-
able and produce safer blood from voluntary donors but there is no evidence that 
they reliably reach the most peripheral communities. Hybrids of these two models 
exist in several countries. Rigorous evidence is lacking regarding the effectiveness 
and sustainability of different transfusion systems in SSA (ie. centralised/zonal, 
hospital-based, hybrids) and there is virtually no public information about the 
economics of these systems including the proportion spent on donor recruitment 
and care. There is a lack of skilled and knowledgeable staff in all disciplines within 
the transfusion service and difficulty in attracting and retaining high calibre staff.

Research Questions / Topics

1. What structures within each type of system are effective/ineffective in meeting 
supply and safety needs, and impacting on clinical outcomes in SSA, and what 
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are the reasons for success/failure? What indicators can be used to compare 
equitability, effectiveness and sustainability of different systems?

2. What is the full economic cost of ‘donor vein’ to ‘recipient vein’ blood, and 
associated pre-and post-vein activities, from different perspectives (e.g. health 
provider, recipients) in different systems? What is the cost-effectiveness of 
different models of transfusion services taking account of societal costs, willing-
ness to pay, level of automation, morbidity and mortality (e.g. at 2 years). What 
are the DALYS for various conditions (especially those relating to maternal and 
child health), and how do they vary with context in SSA? Can this information 
be used to derive societal costs of the lack of blood?

3. How will cost-effectiveness of each type of system change if, for example, the 
appropriateness of blood usage improves, workload increases or local quality 
reagents are available? What is the gap between government funding and the 
full cost of producing a safe unit of blood in different systems and are there 
models for how this gap can be filled (e.g. cost-recovery)? Can comparative 
inter-country case studies of models that are successful/unsuccessful be syn-
thesized, particularly from countries that no longer have donor funding?

4. What attracts, motivates and retains professional transfusion staff? What career 
development structures are needed? What human resource skills are needed in 
the different systems? What educational methods should be used and how can 
they be evaluated?

DIsseMInaTIon sTRaTeGy

In order to promote the implementation of the proposed research priority areas 
there was consensus to formulate a dissemination strategy. The identified strate-
gies are detailed below, relating to target audience, activities and responsibilities.

World Health Organization (WHO)
Summary of report sent to WHO-AFRO and WHO-HQ: Dr. I. Bates / Dr. O. Hassall
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Africa Society for Blood Transfusion (AfSBT)
Circulate report: Website, e-mails, (I have deleted ‘to members’ as it is not practical 
to ‘promise’ to do this) Africa Sanguine journal
Prepare abstract for AfSBT meeting: June 2009 (Nairobi): David Mvere

International Society of Blood Transfusion (ISBT)
Report in the Transfusion Today journal
Prepare Abstract for ISBT meeting: March 2009 (Cairo): Prof. Marcela Contreras

Centre for Diseases Control (CDC)
Disseminate report findings: Dr. Jane Mwangi

AABB (It is no longer the American Assoc of Blood Banks, their name is simply 
AABB)
Disseminate report findings: Dr. Jane Mwangi

Ministry of Health (MoH) / Policy Makers
Disseminate report findings
Prepare for African Summit on Universal Access to Blood in October 2009: (Use 
research evidence as advocacy tool): All participants

Associations
Disseminate report findings to other Associations such as Association of Patholo-
gists (Oct 2008 meeting): All participants

USA Presidential Emergency Plan For HIV/AIDS Relief (PEPFAR)
Disseminate report findings: Dr. Lawrence Marum

Global Collaboration for Blood Safety (GCBS)
Disseminate report findings at GCBS meeting: Geneva, Nov 2008: GCBS member 
participants
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Wellcome Trust
Disseminate report findings: Dr. I. Bates / Dr. O. Hassall

Other
Disseminate report findings to all workshop invitees including those who could not 
attend and participants’ respective institutes: All participants

enHanCInG bTs ReseaRCH CaPaCITy

The major challenge to implementing the research agenda is that there is limited 
research capacity within the transfusion services in SSA. The implementation strat-
egy therefore focuses on different approaches to building up capacity for research 
and rigorous monitoring and evaluation of transfusion services. Suggested ap-
proaches to build research capacity included the following, according to strategy, 
action/key issues and responsibilities:

Create a research Network Platform
Establishing a network to exchange ideas about research
Put this as an Agenda for AfSBT council meeting
Mr. David Mvere

Local Research Collaboration
Establish link with local academic institutions for research mentoring and for BTS to 
host student projects: All participants

PEPFAR Technical Assistance links
To be used as research resource persons: All participants

Appointment of dedicated Research and Data Officer
Dedicated Research and Data Officer could be appointed (e.g. Zimbabwe model) to 
manage data, policies and protocols: All participants
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Promote and facilitate research
BTS leaders need to promote and facilitate research and evidence-based practice: 
All participants

International collaborative research work
Generic proposals for research need to be developed by academics and then 
implemented in different countries by BTS staff Dr. I. Bates / Dr. O. Hassall

Support for abstract Writing
Assist BTS staff to write and submit abstracts for the AfSBT meeting and the Africa 
summit on blood transfusion in 2009 (PEPFAR to support?): All participants

Capacity building for research
Research should be implemented as part of a research skills development course 
for BTS staff modelled on Pan African Thoracic Society research network initiative 
(to discuss finding with Wellcome): Dr. I. Bates / Dr. O. Hassall

funding strategies

It was noted that for research work to be undertaken there is need for funding 
opportunities to be identified. Whilst there may be several potential funders the 
workshop noted that the PEPFAR grant currently allows monitoring and evalua-
tion financial support in countries under PEPFAR. The Wellcome Trust will be ap-
proached to facilitate support for research activities and research capacity building. 
A summary of possible funding agencies follows, together with action/key issues 
and responsibilities.

PEPFAR
Monitoring and evaluation aspects: PEPFAR already has networks with BTS across 
several SSA countries and data that will allow inter-country comparisons. They are 
able to fund monitoring and evaluation activities but not research and will build the 
aspects form the research agenda that fit into the M&E category into this strategy 
and budgets: Dr. Lawrence Marum
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Wellcome Trust
Primary research and research capacity building: Aspects of the research agenda 
that are primary research, and therefore not eligible for funding by PEPFAR, will be 
synthesized and submitted to the Wellcome Trust as well as a proposal for a formal 
research capacity building programme for transfusion services in SSA: Dr. I. Bates 
/ Dr. O. Hassall

VIeWs fRoM afsbT CoUnCIl

The AfSBT welcomes the deliberations from this workshop and has embraced 
the workshop recommendation that it spearheads the implementation of the 
report. The society has since approved this role and has identified a Webmaster 
and Research Coordinator (Mr. Tonderai Mapako, Zimbabwe) to facilitate on this 
important task. Currently the Society is making arrangement that the report be 
posted on the Society website and shall in the near future making a follow-up on 
the implementation of the report by various institutions. It is the Society sincere 
hope that all members will cooperate with the Society to make this objective a 
reality. The society welcomes your ideas through the Webmaster and Research 
Coordinator on issues arising from this article.

Views from AfSBT Webmaster and Research Coordinator (T. Mapako)

It is with great pleasure to be given the honour to facilitate these great responsibili-
ties for the society. I shall use this report as a basis for all future work so please 
take time to read and understand issues that have been raised in this report. The 
full report and this summary article shall be posted on the website for all members 
to read and act! Your contributions shall be solicited in future and reports on 
your organisation status quo as far as issues raised in this report are concerned 
will be greatly appreciated and published for all members’ benefits. To facilitate 
networking, contact details of participants to the BTS workshop are available from 
the author of this article.
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ConClUsIon

The AfSBT is hopeful that all responsible persons will follow-up on the areas of their 
responsibilities. The value of scientific research cannot be under-estimated for 
BTSs and this is a great opportunity to strengthen their contributions to research.
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absTRaCT

Introduction: Tracking blood safety status of member states by World Health 
Organisation is now a routine activity through Global Database for Blood Safety. 
To understand further the differences between high income and low-income 
countries a detailed review may be warranted. In this review, the blood services of 
Netherlands and Zimbabwe were compared.

Methodology: A study visit to Netherlands was undertaken and the key findings 
from this visit were compared with equivalent data from Zimbabwe. Key thematic 
points were summarised from the review of the reports as well as the outcomes 
from key observations and informant discussions. Lessons learnt and recommen-
dations were drawn for each thematic area considered.

Key Findings: The difference in geographical land sizes (Zimbabwe 10 times larger) 
and population demographics (Zimbabwe predominately youths) poses different 
challenges to Netherlands and Zimbabwe. The organisation and management 
structures of the Services are similar and both rely on 100% voluntary non-
remunerated blood donors. Despite the high transfusion transmission infections 
(TTI) rates in the general population in Zimbabwe the testing technology is low as 
compared to Netherlands. However, Zimbabwe through other strategies has man-
aged to maintain low TTI prevalence in donated blood. There are comparable ef-
forts in blood process, testing and distribution activities. The support services such 
as haemovigilance, research and development activities are greatly comparable 
though the outputs magnitude will differ depending of the level of investment.

Conclusion: Our findings seems to suggest that despite the differing income status 
of countries, given the proper strategies blood services in low resources settings 
can make comparable achievements.
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InTRoDUCTIon

World Health Organisation (WHO) regularly provides universal guidelines to 
member states on the need for blood safety and availability and how this can be 
achieved nationally. 1 These recommendations are considered and implemented by 
countries; however, the level of implementation depends not only on commitment 
but available resources needed to optimise blood safety. There are published blood 
safety status reports by WHO through Global Database on Blood Safety (GDBS) for 
categories of low/medium/high (LMH) income status of countries. 2

To further comprehend countries blood safety status between LMH income 
countries a detailed analysis is warranted to enable better appreciation of the 
underlying contributing factors. In this study the aim was to assess the blood safety 
strategies of a low human development (LHD) index, Zimbabwe, which is ranked 
172 out of 187 and a very high human development (HHD) index, Netherlands, 
which is ranked 4 in the world. 3 The focus is to understand the blood safety 
strategies and determine the driving forces pushing or threatening sustainability 
of these Services in their settings. This study recognises that the socio-economical 
environment of these Services differs substantially and hence restricts the analysis 
of the strategic options available for optimising blood services, which may be not 
be applicable to both settings.

MeTHoDs

A study visit was undertaken to Sanquin Blood Supply in The Netherlands in Febru-
ary and March 2014. A transfusion clinical internship was conducted at Martini 
Ziekenhuis / Hospital, Groningen, Netherlands. The findings from this study visit 
were compared with equivalent data from National Blood Service Zimbabwe (NBSZ). 
The data used was obtained through key informant discussions with executives and 
senior staff at Sanquin and review of the annual performance data as reported in 
Sanquin annual reports, which are publicly available4. Similarly, data from NBSZ is 
publicly available from annual reports5 and author’s experience and knowledge of 
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working and interaction with NBSZ. Data was collected using Excel spread sheet 
and then analysed. Key thematic points were summarised from the review of the 
reports as well as the outcomes from key informant discussions. Lessons learnt and 
recommendations were drawn for each thematic area considered.

Key fInDInGs

Description of settings

Sanquin Blood Supply Foundation is a not-for-profit organisation responsible for 
blood supply in The Netherlands, which has an area size of 41,526 km². The same 
is true for NBSZ, which has a national mandate to provide all blood requirements 
in Zimbabwe and which area size is 9.4 times more (390,580 km²) than that of 
The Netherlands. The country size difference, communication and infrastructure 
present differing challenges for blood donor access to donation sites and hospitals 
blood accessibility from respective distribution sites. The population of Nether-
lands is 16.7 million, the majority of who are adults, which is 27% higher than Zim-
babwe population at 13.1 million, who are predominately youth. These population 
structure differences also pose different challenges in blood safety programmes.

Management and Organisation

Both Services are similarly structured with Boards in place (Supervisory Board for 
Sanquin) and Executive Management Committee (Executive Board for Sanquin). The 
Boards have the overall responsibility for monitoring the organisation’s operations. 
There are Board sub-committees in both settings. Sanquin has five divisions; Blood 
Bank; Plasma Products; Diagnostic Services; Reagents and Research. In comparison 
to NBSZ, which has departments of Medical Services; Laboratory Services; Finance; 
Human Resources and Administration; Public Affairs; Quality, Safety, Health and En-
vironment; an; Planning, Information and Research. It was noted that the functions 
comprising finance, human resources, administration, planning and Information 
Technology Communications are placed under corporate staff / services at Sanquin 
and they provide support to the divisions and advice the Executive Board. With the 
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exception of plasma products and diagnostic services the organisation and man-
agement functions are comparable. How these functions are divided is guided by 
the strategic thrust for the period and the turnover (for Sanquin) hence these fluid 
structures allow the Services to respond to varying needs and adjust operations 
accordingly. Currently Sanquin is undergoing centralisation and this may demand 
further merging/demerge of divisions. NBSZ, on the other hand is seeking possible 
options for regional Plasma Contract Fractionation of its blood products, which 
may raises the question of a separate collection facility and donor panel for collec-
tion of high quality and adequate plasma volumes suitable to meet international 
standards required by Regulators for acceptance by an approved fractionation 
facility. The idea of corporate staff/services for the over-arching staff is one that 
may be worth considering for NBSZ so that the departments are streamlined into 
key business units for the main business focuses.

There is a shared need to engage and constantly inform stakeholders, as 
demonstrated by existence of the informative, interactive and educative websites 
of both Sanquin and NBSZ. This is a good practice that needs to be maintained. 
On both websites annual reports 4,5 of the Services are available, which allows 
interested stakeholders easy access to relevant donor and blood safety informa-
tion. The media is strongly engaged in both settings, which helps to promote the 
Service’s brands. This high level of transparency is crucial to the sustainability of 
these services, which depend on voluntary non-remunerated donors and public 
perceptions.

The emphasis on blood safety for both the donors and patients is at the heart of 
the organisations as indicated in their mission statements, vision and core values4,5. 
There is recognition in both settings that cost-effectiveness should be at the core 
of operational considerations. Sanquin is aiming to cut cost by 6% by 2015 (11.6 
million Euro) through centralisation and operations realignment (staff rationalisa-
tion) due to the declining trend in blood usage. NBSZ is pursuing similar cost cutting 
measures though the performance of the cost containment committee needs to 
be strengthened as this same trend is taking place in Zimbabwe, where demand 
is declining. Though the declining trend in the demand and clinical use of blood 
is similar, the underlying factors may be different. In Zimbabwe it is mainly due 
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to availability and affordability and the financially constrained healthcare system; 
whereas in The Netherlands, this is attributable to continuing education of clini-
cians on appropriate clinical use of blood and effective haemovigilance. This area 
of clinician’s education and training is important and NBSZ is in the process of 
rolling out education and training, within the current financial limitations. It was 
noted that in The Netherlands, although there is decline in the demand and use 
of red blood cells, there is an increase in the demand and use of plasma derived 
medicinal products (PDMPs). This change in patterns of use requires a review of 
structures and functions in a more cost-effective organisational and management 
model. One model could be to consider collection of sufficient quality plasma to 
meet national needs through plasmapheresis of source plasma.

Donor mobilizations and blood collection

NBSZ and Sanquin rely on 100% voluntary non-remunerated blood donation as 
recommended by WHO1 to meet National requirements of labile blood products. 
Meeting the National requirements for PDMP from recovered plasma used for 
fractionation, that is plasma recovered from whole blood donations and used 
to produce PDMPs, has reportedly fallen short in nearly every country in the 
developed world and may presently not be feasible in low income countries. An-
nually, Sanquin, collects blood from approximately 400’000 donors, compared to 
approximately 50’000 active blood donors in Zimbabwe, as reflected in the data 
collected between 2009 and 2012. Over the same period, the annual whole blood 
(WB) donations in Netherlands averages 540’000 from this donor base, compared 
to 60’000 units from the donor base in Zimbabwe. This results in 24 donations 
per 1,000 inhabitants in The Netherlands and 4 donations per 1’000 population in 
Zimbabwe. WHO’s estimate for national blood adequacy is 10 donors per 1’000 in-
habitants. If Zimbabwe were to adopt the guideline recommendations set by WHO, 
this would result in unacceptable expiry of blood and a drain on limited financial 
resources. NBSZ is currently developing strategies to ensure a sustainable national 
blood service, which can provide a safe, accessible, adequate and affordable unit 
of blood and at the same time address the goal of working towards developing a 
model for sourcing plasma using plasmapheresis in order to meet international 
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standards of safety and sufficient volumes for contract fractionation. A blood donor 
in Netherland donates at least 1.6 units of WB annually versus 1.8 in Zimbabwe. 
This frequency is interesting, as it provides an impression that donor retention in 
Zimbabwe is higher than (or at least comparable) to Netherlands. However when 
one looks at other retention measures then the apparent differences become 
clearer. If the percentage of repeat donors per year is examined more closely, it 
becomes apparent that in the Netherlands this is approximately 90% versus 56% 
in Zimbabwe. On average, 53% of donors in Zimbabwe provide at least two usable 
units and the corresponding figure from Netherlands was not readily available from 
the Annual Reports (but presumed to be greater than 80%). Further, in Zimbabwe 
the year-to-year donor retention is on average 34% and the corresponding data is 
not readily available for Netherlands (but presumed to be greater than 80%)

Donor retention is a critical indicator of donor management and each Blood 
Service should attempt to use a standard definition. This assessment indicates that 
to use only average donations as an indicator of donor retention may be inap-
propriate especially when there is need to compare different settings. It may be 
worthwhile for Sanquin to consider to expand their donor retention measures and 
report on these as explained above.

In Zimbabwe donations are either WB or apheresis for platelets (about 150 
annually). In Netherlands there are WB, apheresis (plasma and platelets) donations 
(about 325,000 annually). Due to lack of plasma market in Zimbabwe the majority 
(75%) of this is discarded and this is despite the fact that there is severe shortage of 
plasma derivative products in Zimbabwe. Concerted efforts are need in Zimbabwe 
to ensure that plasma is used for plasma derivative production to help the need 
patients in Zimbabwe and we note that NBSZ alone has no capacity to address 
this problem as it needs to meet the good manufacturing practice (GMP) require-
ments for the plasma supply. This would require the involvement of Government 
of Zimbabwe and all international partners. There is an opportunity for NBSZ to 
expand apheresis services further for patient management as observed at Sanquin. 
This will be additional possible source of revenue and also helps to maintain the 
staff skills.
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On average 10% of donors are new donors in Netherlands compared to 44% in 
Zimbabwe. This large disparity is due to the fact that in Zimbabwe, about 70% of 
collections come from donors aged 16-20 years old. These are highly mobile donors 
hence the loss rate is high. This also affects donor retention as discussed earlier. 
The donors in Netherlands starts donating at 18 years and are mainly composed 
of adult donors who are stable hence easier to retain. NBSZ need to pursue its 
strategy to re-align the donor base to a more sustainable structure balanced on 
youth and adult base. In both settings there are incentive schemes that assist in the 
retention of donors and these need to be maintained. The desire for Netherlands 
to increase youth donors may benefit from the NBSZ pioneered successful youth 
projects that consist of the peer promoters and the Pledge 25 Club that has since 
been copied all over the world. 6,7

The blood safety measures for the new donors are comparable. In Netherlands 
all new news undergo medical examination first and a sample is provided for trans-
fusion transmissible infections (TTI) testing and blood typing. If a donor is cleared 
from this initial assessment, then they are called within two weeks to provide 
their first-time donation. In Zimbabwe, new donors are risk profiled historically 
based mainly on age at donation. New donors aged 16-20 and those above 45 
years provide usable blood. For those donors aged 21-44 years old, an unusable 
blood is collected (a blood pack without anti-coagulant). 8 In both settings these 
are all measures to safeguard blood supplies and informed by risk considerations 
and settings practicalities. In Zimbabwe where 80% of donors are at mobile clin-
ics and the mobile drives might be about 300km, the Netherlands blood safety 
management model may be difficult to implement. These variations based on the 
need to optimise blood safety have the inevitability of resulting in different defini-
tions of new donor or first-time donor. One may argue that the first-time donation 
in Netherlands is not really “first” as logically this is a “second” interaction with 
the donor. The statistical challenges that arose from this scenario are obvious. It 
will become critical then that further definitions to capture these variations are 
developed and reported on so that there will be consistence and comparability of 
data definitions in different settings.
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Blood processing and testing

In both settings there is production of components that includes at minimum RBC, 
FFP, Cryoprecipitate and platelets. The production systems are comparable, but in 
Netherlands the product lines are quite varied compared to Zimbabwe. This gives 
patients more choice of available products.

There is testing of the four TTI markers (HIV, HBV, HCV and Syphilis) universally 
recommended by WHO.9,10 NAT is used in Netherlands and in Zimbabwe 4th genera-
tion serological testing technology is in use. Additional test are done in Nether-
lands including HTLV, which since 2013 is only being tested in new donors as a 
cost-containment measures which is also informed by the fact that the production 
process reduces the infection level substantially. This is important as the available 
best evidence guides operations. ABO and Rhesus typing are done but there is 
more extensive typing in Netherlands. The donor blood group distributions are 
comparable with Sanquin having 48%, 39%, 9% and 3% (NBSZ, 52%, 25%, 20%, 
5%) for O, A, B and AB blood groups respectively. There is more typing (forward 
and back typing) of new donors (sample have different cap colour, also multiple 
sample sources are used) in Netherlands and this substantially reduces blood 
group discrepancies for the donor current and future donations. Zimbabwe may 
need to consider this Netherlands approach to reduce the current high number 
of blood group discrepancies that has been observed. In both settings, testing is 
centralised at one facility and this ensures similar testing quality standards nation-
ally. The prevalence of four universal TTI markers in donated blood averages (2005-
2012) per 100, 000 for new (n) and repeat (r) donors as follows in Netherlands 
for Syphilis (n=31.9, r=2.8; Zimbabwe, n=411.1, r=194.4); HCV (n=17.1, r=0.2; 
Zimbabwe, n=190.1, r=84); HBV (n=52.1, r=1.6; Zimbabwe, n=1645.4, r=366.7); HIV 
(n=3.8, r=0.5; Zimbabwe, n=681.2, r=229). It is important to note the serological 
testing algorithms are similar, however in Netherlands there is use of NAT testing 
and there is confirmatory testing using western blotting and PCR. In Zimbabwe, 
the confirmation is done using an alternative but comparable (sensitivity) testing 
assay. Despite the general population epidemiological differences of these TTIs in 
both settings, the donations testing results may also need to be cautiously inter-
preted taking these testing variations into considerations. It was noted that the 
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issue of indeterminant results is prevalent in both settings. Consecutively (three 
times) indeterminant donations from the donor would result in permanent donor 
deferral in Zimbabwe and in Netherlands an indeterminant results from a new 
sample collection would lead to the permanent donor deferral. The challenges 
of communicating the indeterminant results and deferral decision to donors are 
similar but keeping them on donor list would waste resources as indeterminants 
will still ‘pop-up’ and products are unusable. NBSZ current efforts to do further 
research on indeteminants may draw lessons from Sanquin experience which do 
the confirmation and still the donor results remains indeterminant. Under those 
circumstances, the logical decision for NBSZ is pursue and maintain its permanent 
deferral policy. In both setting, post-donation counselling services are provided. 
In Sanquin, medical doctors and state registered nurses do this and counselling 
partners are used in Zimbabwe.

In the Netherlands, the non-serological discard rate is 0.2% and 0.4% (2012) for 
the serological waste. This is in contrast to Zimbabwe where the non-serological 
discard can be as high as 8% and serological wastage is around 1.7% (2012). There 
are opportunities to further reduce the discards in Zimbabwe especially on the non-
sero discards to the below 2% threshold recommended by WHO as blood expiries 
constitute the bulk of the non-serological discards. The high serological discards 
in Zimbabwe might be a reflection of equally high TTI prevalence in the general 
population especially for HIV and HBV despite all the stringent pre-donation selec-
tion interviews. It is important to note that in Zimbabwe the discard rate for HBV is 
twice that of HIV, which may be a reflection of either a high general population HBV 
prevalence (not well studied) or that the current risk factor exclusion is not very 
effective for HBV or perhaps its the testing HBV dynamics. This demands further 
understanding of whether this can be reduced further.

Distribution of blood and blood products

In both settings there is inventory management system in place. There is oppor-
tunity to use distribution data to inform blood collections on shorter periods in 
Zimbabwe and this will help to moderate supplies to avert wastages and intermit-
tent shortages. Having a dedicated logistics inventory management appointment 
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might be useful in Zimbabwe to strengthen this area as observed in Netherlands. 
The Sanquin Blood Supply cold chain consists of simple to use but effective cold 
chain equipment consisting of cooler boxes, cooling trays and packs. Such simple 
low-cost may be considered in Zimbabwe settings.

Sanquin delivers blood to hospitals in contrast to Zimbabwe where hospitals 
are responsible for their own blood collections. It has been argued that the Neth-
erlands supply system may not be cost effective as indications are that hospitals 
may not be strategically ordering blood to minimise delivery trips as Sanquin bears 
this once off cost. Mechanism to enforce hospital to make structured cost-effective 
ordering schedules may be required in the Netherlands.

In both setting the cost of blood and blood products is an issue that attracts 
political, media and public scrutiny. The principled position that has been taken 
by the Services, which are commensurate with the expected level of blood safety, 
needs to be maintained. Blood safety should be the main considerations first and 
how this can be financed will be a matter of all partners’ engagements.

Quality Assurance

In both settings quality assurance is at the forefront of operations. Formal quality 
recognition is being pursued or maintained at these Services. It was noted that 
Sanquin ceased its formal recognition of ISO 9001 on quality management systems 
partly because of cost considerations and the need to be guided by EU directives, 
which are continuously monitored by government. It remains a point of discussion 
on whether formal quality management systems being pursued in Zimbabwe need 
to be maintained or focus should be directed to meet applicable GMP require-
ments for blood establishments that has the potential of opening plasma market 
opportunities in Zimbabwe.

There is strong emphasis in both settings that quality management system 
should be embraced and owned by all staff. We noted the organisational manage-
ment differences with respect to quality management systems that might need to 
be considered further.
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Research, Education and Training

The quest for evidence based decision-making process in both settings is noted 
through their vibrant research programmes. Sanquin research program is more 
mature and has outputs at high levels with 12 PhD theses and 175 peer-reviewed 
publications just in 2012. The current transfusion research capacity (T-REC) build-
ing project in which NBSZ is a partner is increasingly building a strong base for 
scientific research and these needs to be maintained. It was noted that NBSZ 
need to promote its research outputs more through say highlighting these on its 
website and systematically evaluate how past research efforts have been used to 
strengthen blood safety policies in Zimbabwe.

Sanquin has various training programmes in place both internally and col-
laboratively. There is need to maintain contact on training opportunities in both 
settings especially on the masters programme that is being developed for donor 
health management. Continual sharing of resources and experience will also assist 
both Services to appreciate the emerging trends in blood safety.

Information/Data Management Systems

Both settings use commercial information management systems to manage blood 
banking data (eProgressa in Netherlands and eDelphyn in Zimbabwe), which is 
available on wide area network. There are other complementary databases in use 
in Netherlands for Hemovigilance, laboratory testing and quality management 
systems that are linked through servers for data sharing and repositories. There is 
opportunity for NBSZ to consider such other complementary databases, which may 
assist mainly in hemovigilance and quality management systems (strive towards 
paperless).

Given the huge amount of data the Services generate, it was a discussion point 
on whether the data management/use can also be enhance through a data man-
agement function that would assist all departments in Sanquin as is the current 
position in Zimbabwe.
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Clinical transfusion medicine

In both settings clinical blood transfusion is guided by the blood transfusion 
guidelines. It was noted that in Netherlands all key stakeholders jointly author 
and publish these guidelines and this enhances ownership and compliance to the 
standards. The Martini hospitals have its own transfusion management system 
that handles internal blood orders and for blood stock management. This hospital 
system is not yet linked with Sanquin blood information management system and 
orders are made through fax and phone as necessary. For this hospital, it manages 
its own blood deliveries from Sanquin and there was evidence of continual engage-
ment of the hospital and Sanquin. NBSZ is pursuing options of linking hospitals to 
its e-Delphyn blood bank management system and engagement with hospitals are 
continually being strengthened.

Martin hospital for 2013 had 5,189 red blood cells transfusion, 276 platelets 
and 395 fresh frozen plasma almost equivalent to the capacity of referral hospitals 
like Parirenyatwa Hospital in Zimbabwe. The hospital information management 
system allows analysis of blood usage data as needed and this is currently a chal-
lenge in Zimbabwe as most hospitals do not have such shared systems in place. The 
introduction of electronic temperature management tags allowed about 29 red 
blood cells to be saved in 2013 after non-usage from the ward based on 30-minute 
rule. There exist surgery list that suggest how many blood units are to be reserved 
for each planned operation. This greatly helps in stock management.

The hospital has a hospital transfusion committee in place with participation of 
Sanquin blood supply staff. All transfusion reactions are reported to TRIP through 
the established forms. The mature HTCs programme in Netherlands can be useful 
as a learning point for Zimbabwe to strengthen blood bank and clinical transfu-
sion interface. It was noted that blood service having service level agreement with 
hospital is critical to ensure interaction and cooperation of the parties.
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ConClUsIon anD ReCoMMenDaTIons

Despite the differences in income status between Zimbabwe and Netherlands 
there are several common areas of operations. There exists also further opportuni-
ties to share the experiences of two settings as a means of continual blood safety 
strengthening. It is not the intention to replicate any one Service with another but 
all decision should be evaluated based on the applicable contextual environment 
of operations.

It can be concluded that the two Blood Services are doing all in their capacity 
to improve blood safety. In Europe, Sanquin Blood Supply is at the forefront of 
blood safety programmes and in sub-Saharan Africa, the blood safety record of 
National Blood Service Zimbabwe is well positioned. These blood safety leadership 
roles need to be maintained and complemented with Governments and partner’s 
support. Both Services may benefit from maintaining corporate engagements 
processes in areas of mutual interest.

Based on the findings the key recommendations for each setting are provided:

Key areas for NBSZ to consider consolidating:

– Diversity revenue stream, the private business entity needs strengthen. The 
budget of blood banking and the private sustainability initiatives may need to 
be separated

–  Expand apheresis services for clinical management
–  Establish research laboratory, with well equipment to support research equip-

ment and allow resource sharing with partners
–  Strength NBSZ consultancy services especially in sub-Saharan Africa. These 

services will also need to be marketed.
–  Enhance education and training and follow-up on the outputs from these initia-

tives
– Intensify cost-recovery measures for the blood banking operations. Initiatives 

like the EU / UNICEF coupon systems that adds directly to the procurement of 
the blood products is further recommended to be vigorously pursued. This is 
important in view of the cash-constrained public sector
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– In line with its innovation aspirations, this needs to be strengthened further so 
that there is documented evidence of innovation products.

– NBSZ to pursue avenues for Plasma Fractionation at various levels (region & 
WHO)

– NBSZ to intensify its support engagement and place strongly the patient at the 
forefront in order to strengthen its GMP call for support. As NBSZ it is primarily 
there for the need patients hence this should form the basis of all strategic 
engagements.

– Strengthen Hemovigilance system with hospitals and ensure that that there are 
service level contracts.

Key areas for Sanquin to consider consolidating:

– Broaden the definitions of donor retention calculation and report these.
– Maintain a strong collaborative focus with other blood services and organisa-

tions internationally. This will allow further developments in blood safety 
programmes.

– Pursue and provide strategic leadership internationally on how plasma deriva-
tives may be made available affordably to resource-constrained settings.

– Introduce a data management function at corporate level to coordinate all data 
repositories and ensure this feeds into the monitoring and evaluation systems 
of Sanquin.

– Review cost-effectiveness of blood delivery system to hospitals
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ABSTRACT 1:

Interdonation intervals of seroconvertors and impact on blood safety in 
Zimbabwe

T. Mapako, D. A. Mvere, M.E. Chitiyo, S. Rusakaniko, M. J. Postma, M. van Hulst

POSTER PRESENTATION: 23RD REGIONAL CONGRESS OF THE ISBT, 2-5 JUNE 2013; 
DENVER, AMSTERDAM, THE NETHERLANDS.

Background: The interval between blood donations is important in the assessment 
of transmission risk of infectious diseases in the window period. Different assump-
tions are made such as that the donation frequency of at-risk repeat donations is 
similar/different to that of other repeat donations. It has been found that in the 
USA repeat donors who seroconvert delay their pre-seroconversion donation as 
they may have practiced risky behaviours. This donor behaviour has implications 
on risk assessment for HIV and other transfusion-transmissible infections including 
the potential yields of additional testing such NAT. In Zimbabwe and other sub-
Saharan countries donations are coming increasingly from repeat donors. However, 
there have been no studies in these populations to determine the interdonation 
intervals of seroconvertors (sc) and assess its impact on blood safety.

Aims: To analyse the interdonation intervals of repeat donors who seroconvert and 
evaluate their impact on blood safety in Zimbabwe.

Methods: Data of repeat donors with at least two interdonation intervals who se-
roconverted between 2002 and 2011 was obtained from national donor database 
and analysed. A published statistical model was used to investigate whether the 
observed interdonation interval of the N-P interval (sc) was statistically different 
to the average of N-N interdonations intervals for HIV, HBV and HCV. A G- test 
statistic, which tests the no difference hypothesis, was used. We also calculated the 
proportional departure of the average length of the N-P interval from its expected 
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value based on N-N intervals. The observed ratio of averages of the length of N-P 
and N-N was calculated, however it should be cautiously interpreted, as it does not 
adjust for the length bias of N-P intervals.

Results: See Table 1.

Conclusions: The crude observed ratio of average for HIV (1.36) and HBV (1.08) are 
greater than 1 as expected under the length bias assumption, however this should 
not be interpreted as an indication of delayed return by sc donors. The appropriate 
test indicates that for all markers there is no statistically significant evidence to 
suggest that the sc interval is longer than the average N-N interdonations intervals 
(p>0.05). On average sc seem to return early by 18%, 41% and 47% for HIV, HBV 
and HCV respectively than predicated though these are not statistically significant. 
The tendency to return early may increase the risk of window period donations. 
A post-donation counselling analysis for positive donors done and presented in 
2006 indicated that 14% (33/241) of seropositive donors indicated that they ‘just 
wanted test results’ and 40% admitted having past high-risk behaviour which was 
not declared at the point of donation. These factors need to be considered in 
strengthening the blood safety program in Zimbabwe.
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ABSTRACT 2:

Designing and implementing an effective monitoring and evaluation system for 
blood safety -Zimbabwean experience

T. Mapako, D. A. Mvere

ORAL PRESENTATION: AABB MEETING, 12-15 OCTOBER 2013; DENVER, COLORADO, 
USA.

Background: National Blood Service Zimbabwe (NBSZ) has the mandate to pro-
cure, process, test, and distribute blood and blood products in Zimbabwe. Since 
2006, NBSZ has been implementing a structured monitoring and evaluation system 
(M&E) at all levels of blood safety activity. M&E is critical for blood safety as it 
informs key management functions of planning and implementation, resource 
management, communication and advocacy. M&E efforts have seen NBSZ enhanc-
ing its accountability/judgement, blood safety program improvement and knowl-
edge development. In 2010, funding was received for the program “Prevention of 
HIV transmission through strengthening blood safety in the Republic of Zimbabwe 
under PEPFAR”. This five-year program is addressing five goals among them “To 
monitor and evaluate the implementation and effectiveness of the blood safety 
programme”. This abstract intends to share the Zimbabwean M&E experience as it 
enables better management of blood services.

Aims: To share the M&E experience and how this enhanced the management of 
the blood safety program in Zimbabwe.

Methods: In 2006 NBSZ developed a data management policy and trained all 
staff on this. Essential data forms for routine collection of M&E data were devel-
oped, validated and implemented. The essential data forms included aspects on 
donor mobilisation, blood collection, processing, testing, distribution and other 
key general areas. In 2011, through PEPFAR support NBSZ received further M&E 
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training from CDC, which was cascaded to all senior staff who participated in the 
development of the blood safety logic model. M&E data was gathered through the 
essential data forms and shared internally and externally with all key stakeholders. 
NBSZ also developed and resourced the necessary M&E structures as a separate 
independent department/function.

Results: Increased staff awareness enhanced their participation in M&E activities. 
The policy guidelines on M&E reinforced the NBSZ commitment to accurate data 
management and its uses. By having a specific goal on M&E under PEPFAR project 
also enabled further attention to be given to M&E activities, which has seen the 
Service managing the blood safety program well. The blood safety logic model was 
developed and this also included the intricate relationships within and between 
model components. M&E data was shared internally and externally with all key 
stakeholders including contribution to WHO Global Database on Blood Safety.

Conclusion: NBSZ experience has shown that it is possible for blood services in 
resource-constrained settings to develop and implement a formidable M&E sys-
tems that will ensure timely availability of complete, accurate and quality data. 
This is achieved through various capacity building initiatives such as staff training 
and development of appropriate M&E framework and data gathering tools. The 
developed blood safety logic model assisted in describing the blood safety pro-
gramme in Zimbabwe. This was the first-time ever that a blood safety logic model 
has been developed in Zimbabwe. Designing and implementing an effective M&E 
system is a structured process that needs to be properly guided and not left to 
chance. This will address the glaring information gaps characterising most blood 
services in the developing world.
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ABSTRACT 3:

Monitoring and evaluation of strategic plans for blood services

T. Mapako, D. A. Mvere, M. van Hulst

POSTER PRESENTATION: AABB MEETING, 25-28 OCTOBER 2014; PHILADELPHIA, 
PENNSYLVANIA, USA.

Background: Strategic plans are integral part of organisational management, sus-
tainability and growth. For blood services this is equally important and several of 
them are increasingly developing and implementing strategic plans. However, not 
many Services have correspondingly developed or strengthened their monitoring 
and evaluation (M&E) activities to ensure optimal implementation and compliance 
to planned activities. This remains a challenge for most blood services especially 
in low-income countries. National Blood Service Zimbabwe (NBSZ) strengthened 
its strategic planning process and M&E since 2005. In this study we review the 
NBSZ strategic planning M&E activities and draw some best practices, which may 
be useful for blood services from similar settings.

Aims: To review and share the strategic planning and its M&E for blood safety in 
Zimbabwe.

Methods: NBSZ strategic planning and M&E process since 2005 to date were re-
viewed. Achievements and lessons learned are highlighted.

Results: In 2005 NBSZ developed its first formally structured strategic plan for 
2006-2011. The annual action plans were developed indicating key performance 
indicators. However the fully implementation of this strategic plan was affected by 
the socio-economic situation prevailing in the country hence in 2009 a strategic re-
covery plan was developed and implemented until 2010. This allowed a successful 
implementation of the main strategic plan. In 2011 a second strategic plan for 2012-
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2014 was developed. The key lessons from the implementation of the first strategic 
plans were implemented mainly that planning needs proper coordination and the 
organisation restructured to create a department responsible for coordinating all 
planning activities. The department developed a planning and reporting policy, 
which guides all planning activities within the organisation and highlights how the 
M&E of strategic plans will be strengthened. The organisation adopted a traffic 
light reporting system, which allows progress status to be rated as purple, green, 
amber and red depending on the level of achievements. The peer review process 
allowed overall percentage achievement for each work plan to be determined. This 
interactive process enabled an effective mechanism to monitor and evaluate all 
planned strategic activities. A detailed blood safety logic model was developed to 
guide the blood safety programme description and its monitoring and evaluation 
in 2011. The Service also instituted monitoring and evaluation of compliance to 
NBSZ values (professionalism, empathy, conscientiousness and teamwork) which 
underpins the strategic plan development and implementation. To strengthen the 
M&E of the upholding of these values a teambuilding action research project was 
launched in 2013. Through this, NBSZ managed to develop a theory of change on 
teamwork, which identifies needed M&E activities for enhanced blood adequacy 
and safety in Zimbabwe. This action research project involved participation of 
all staff and generated renewed commitments to ensure that all staff is working 
towards the common goal of fulfilling the strategic aspirations of NBSZ.

Conclusion: NBSZ achievements on M&E of strategic plans highlight the impor-
tance of staff involvement and implementation of appropriate M&E tools. Staff 
training is critical in the development, accomplishment and M&E of strategic plans. 
Currently the NBSZ is planning for its third strategic plan from 2015 hence this will 
be strengthened by its past achievements and lessons learnt. These NBSZ strategic 
planning process can be gainfully adopted by other low-income countries.
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figure appendix 1: Poster Monitoring and evaluation of strategic plans for blood services
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ABSTRACT 4:

A review of blood donor risk model in Zimbabwe

T. Mapako, DA Mvere

ADAPTED FROM POSTER PRESENTATION:Mapako T., Mvere A. D. (2006) A review of 
blood donor risk model. XXIX International Congress of the International Society of 
Blood Transfusion, Capetown, South Africa, 2-7 September 2006.



234

Appendix A3

ABSTRACT 5:

Challenges of using HIV as a primary risk indicator: need for integrated blood 
donor risk management model

T. Mapako, JJ Parirewa, JC Emmanuel DA Mvere, E Massundah, G Mavunganidze, 
LM Marowa MJ Postma, M van Hulst

ORAL PRESENTATION: 25TH REGIONAL CONGRESS OF THE ISBT, JUNE 27 – JULY 1, 
2015; LONDON, UNITED KINGDOM.

Background: The use of risk modelling in blood safety is increasing getting mo-
mentum. NBSZ initiated blood donor risk profiling based on donation frequency 
(r-coding) since 1994 and in 2006 a generic risk classification model was developed 
(include age and donation venue) which was mainly based on HIV risk consid-
erations. The blood safety implications of this model, which include all the four 
routinely tested transfusion transmission infections (TTI) has not been studied. We 
aim to assess whether the use of HIV as a primary risk indicator is sufficient in 
Zimbabwe and the possible blood safety concerns for this.

Methods: Blood donor data on HIV, HBV, HCV and Syphilis from 2002 to 2011 was 
analysed. The NBSZ blood donor risk model developed in 2006, which has four 
levels (RC I (lower) – RC IV (higher)) of blood safety, was evaluated based on the 
TTIs seroprevalence results. The TTIs relative risk (RR) for usable (RC I & II) and 
unusable (RC III & IV) were determined and 95% CI determined. Sub-group analysis 
by gender was also done to aid in explaining the results.

Results: A total of 627,072 donations were analysed. The overall TTIs seropreva-
lence by donor risk category are shown in error! Reference source not found.NBSZ 
donor risk classification seems to be performing well for all TTIs except for HBV, 
which has highest seroprevalence in RC II. The overall relative risk (RR) for TTIs in 
risk categories for unusable units over usable units is 3.5 (95% CI, 3.3 – 3.8), 1.3 
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(1.2 – 1.3), 1.3 (1.1 – 1.5) and 2.1 (1.9-2.4) for HIV, HBV, HCV and Syphilis respec-
tively. The average RR in all risk categories for males being TTI positive compared 
to females is 0.70, 1.95, 1.6 and 1.2 for HIV, HBV, HCV and Syphilis respectively.

Discussion and conclusions: The results for HIV, HCV and Syphilis indicate increas-
ing safety concerns from low (RC I) to high (RC II) as we expect the model to per-
form. However, the high HBV seroprevalence in RC II is of concern to blood safety 
as these are usable blood units. Further analysis also noted that in risk category 
II, which is mainly composed of new donors in schools, the HBV risk is 68% higher 
when compared with other combined risk categories. Males are 95%, 60% and 20% 
more likely to be positive for HBV, HCV and Syphilis than females. However, they 
are 30% less likely to be HIV positive when compared to female donors.

In conclusion, our results points to blood safety concerns for HBV in Zimbabwe 
and hence there is need to review the current NBSZ blood donor risk classification 
model taking into consideration other TTIs and cost-effectiveness analysis.

Figure 1: Blood donor TTIs seroprevalence by blood donor risk category in Zimbabwe (2002-
2011)
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Figure 1: HIV in general (ZDHS 2005/6 & 2010/11) and new blood donor (2002/06 & 2007/11)

Figure 2. TTIs by Age Group (NBSZ blood donor data; 2002-2011)
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ABSTRACT 6:

Duration from first donation to permanent deferral due to TTI seropositivity 
among blood donors in Zimbabwe

T Mapako, D. A Mvere, M.E. Chitiyo

ORAL PRESENTATION:Mapako T, DA Mvere, ME Chitiyo. (2010) Duration from first 
donation to permanent deferral due to TTI seropositivity among blood donors in 
Zimbabwe. XXXI International Congress, Berlin, Germany, June 26th - July 1st, 2010

Background: The National Blood Service Zimbabwe (NBSZ) recruits donors nation-
ally and has five strategic fixed sites with mobile teams operating from each site 
in the 300km radius. All the donor information is stored in the Wide Area Network 
database (SafeNet). The testing of samples is centralised and results downloaded 
into the network system. The database was introduced in 1994 and it allows 
electronic follow-up of donors from date of first donation. Donors are lost due 
to various reasons including Transfusion Transmissible Infections (TTIs) (HIV, HBV, 
HCV and Syphilis) that leads to permanent deferrals. The longer the donor survive 
(not deferred) is a key indicator for a successful blood donor program. The study 
focuses on the survival patterns of the donors from date of first donation until 
permanently deferred after testing positive to TTI’s markers.

Aims: To estimate duration and blood donor survival patterns from date of first 
donation until permanently deferred due to TTIs seropositivity.

Methods: An analysis of data from database of 2316 donors who were perma-
nently deferred due to TTIs seropositive results. The demographic variables include 
gender, date of first donation, age and date of deferral, type of TTI, donor type 
and collection site. Kaplan-Meier functions are used to estimate survival patterns. 
Multivariate analyses examined the effect of age, and gender and other predictor 
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variables on survival (in months). The survival time was calculated as the period 
from the date of first donation to the date of last donation/deferral.

Results: The characteristics of 2316 donors are shown in Table 1. The overall 
median survival time was 16.4 months (95% CI 15.9 – 17.5). Univariate analysis 
showed that survival times varied by gender (male 19.2 vs. female 13.5) with a 
log-rank chi-square test statistic of 70. 8 (df =1, P-value < 0.001), age group (df=1, 
p<0.001), no. Donations (df=1, p<0.001), year first donate(df=1, p<0.001), deferral 
reason (df=3, p<0.001), donor category(df=1, p<0.001), and by donation site (df=4, 
p<0.001). The above 20 years age group had higher survival time (43.7 vs. 12). 
Similarly higher median survival times were observed for those with more than 
10 donations (92.9 vs. 14.3), started to donate before 2002 (67.3 vs. 12.1) and are 
pledge 25 donors (32.4 vs. 16.1). The HBV had the least median survival time of 
12.2 months than HCV (20.8), Syphilis (21.2) and HIV (25). Thus, most donors are 
seroconverting to HBV than any other TTIs. It is interesting to note that HIV has the 
highest median survival time which may reflect that most donors may be paying 
much attention (in their lifestyles) to HIV (maybe it’s the most known TTIs) and 
avoids possible exposure. A multivariate analysis using Cox Proportional Hazard 
Model eliminated gender (p=0.575) and donations site (p=0.140) as the possible 
predictor variables when the other five variables are included in the model.

Summary/Conclusions: The blood donor program can be strengthened by looking 
at predictor variables with higher survival times as the donors will be able to donate 
for a long time before they are permanently deferred due to TTIs seropositivty.



239

Selected additional scientific congress / conference abstracts

x

Table 1: Characteristics of 2316 donors permanent deferred due to TTIs positivity
Characteristics Freq %
Gender Male 934 40

Female 1382 60
Age Group (years, at deferral) Youth(16-20) 1438 62

Adults(>20) 878 38
No. Donations (at deferral) < = 10 2110 91

> 10 205 9
Deferral Reason HIV 874 38

HBV 1121 48
HCV 75 3
Syphilis 246 11

Year First Donate <2002 579 25
>=2002 1737 75
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ABSTRACT 7:

Analysis of HIV risk factors from post-donation counseling records

T Mapako, S Shamu, D. A Mvere, J. J Parirewa

POSTER PRESENTATION: Mapako T., Shamu S., Parirewa J. J., Mvere A. D. (2006) 
Analysis of HIV risk factors from post-donation counseling records. xxIx Inter-
national Congress of the International Society of Blood Transfusion, Capetown, 
South Africa, 2-7 September 2006.

Background: The National Blood Service Zimbabwe (NBSZ) introduced post-dona-
tion counselling in 1993. Blood donors who tested positive to HIV are notified of 
their results and offered post-donation counselling thorough health organisations/
doctors of own choice. Some blood donors prefer to use the Service counselling 
facilities.

The NBSZ post-donation counselling is conducted systematically by trained 
nurse counsellors and a standardized record of counselling session(s) is kept confi-
dentially. The anonymous review of such counselling records for HIV positive donors 
provides vital information about the undeclared risk factors (socio-demographic) 
during the pre-donation counselling. The review results will be useful in strength-
ening the pre- and post- donation counselling and thereby optimising blood safety.

Aims:
– To identify the major (current/emergent) risk factors for HIV positive donors.
– To investigate blood donor reactions to HIV positive results.
– To evaluate the blood donor counselling program.
– To recommend institutional and policy directives for increased blood safety and 

blood donor lives.
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Methods: A retrospective desk study to review post-donation counselling records 
for HIV positive donors. All the 5 NBSZ regional centres participated in the study. 
Quantitative and qualitative research methods are used. The review was anony-
mous. Descriptive statistics were used to identify the major risk factors. Socio-
demographic factors that are statistically significant (p<0.05) associated with major 
risk where identified by using the Chi-square tests.

Results: A total of 241 HIV records were reviewed. The donor’s age ranged from 
16 – 54 years (mean = 25; standard deviation = 7.3). The mean counselling duration 
was 41 minutes (+/- 19.3 minutes) and ranging from 5 – 120 minutes. About 94% 
of the donors attended only one counselling session.

The majority of donors were males (60%). The residential area of majority of 
donors was urban high density areas (49%). The highest education level for most 
donors’ was secondary (55%). About 51% of the donors were single. Students 
constituted the large part of the study group (21%).

The major risk factors identified are given in Table 1.
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Table 1. Major Risk Factors
Risk Factor frequency %
Extra marital Affair/Prostitution/Multiple Partners 54 22.41
No condom/condom bursting/ inconsistency/2 condoms 42 17.43
Results Denial 15 14.94
Just wanted results 33 13.69
Once treated of STD (partner or self) 30 12.45
Unfaithful partner or suspects partner 20 8.30
Accept results with fear 18 7.47
Living outside parental care 15 6.22
Death or illness of spouse or child 13 5.39
Sexually active 12 4.98
Living away from spouse 12 4.98
Rape or forced sex by boyfriend 11 4.56
Drug and Alcohol abuse 11 4.56
Others* (12) 44 18.25

*Sporting (0.41%), casual sex (2.90% ), caring sick relative (3.32%), sharing needles (2.90%), 
polygamy (1.24%), no parents integration or monitoring (2.90%), sex for money or groceries 
(0.83%), worrying discharge (0.41%), mobile business (1.24%), ill parents died (0.83%), tradi-
tional healer (0.41%), domestic violence (1.24%).

The variables that were found to be significantly (p<0.05) related to the major risk 
factors are given in Table 2:

Table 2: Significant socio-demographic factors
Variable Risk Factor
Marital status (a) just wanted results (b) death or illness of spouse or child
Gender (a) Extra marital Affair/Prostitution/Multiple Partners

(b) Rape or forced sex by boyfriend
Centre (a) no condom (b) results denial (c) suspects partner (d) death/illness of 

spouse/child. (e) drug/alcohol abuse
Residential Area Results denial
Occupation History of Sexually transmitted diseases (self/partner)
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ABSTRACT 8:

Transfusion Medicine research in developing countries: promoting and sustain-
ing it. Zimbabwe experience
INVITED SPEAKER TALKING POINTS:

T Mapako

ORAL PRESENTATION: AABB MEETING, 24-27 OCTOBER 2015; ANAHEIM, CALIFOR-
NIA, USA.

My presentation focussed on three thematic areas based on the session abstract 
and theme in the Appendix:
– National Blood Service Zimbabwe (NBSZ) research capacity review: recently 

the NBSZ conducted a research capacity review and this helped to diagnose 
the institutional research success, challenges and identify key recommenda-
tions. The review instruments used have not yet been applied to blood services 
settings and hence provide a valuable tool to assess the research capacity in 
developing settings. The idea is to bring the tools to the attention of the blood 
bankers especially in developing settings (publication is being finalised). Our 
view is that the periodic application of this assessment tool will help to identify 
key gaps in research efforts in developing settings and hence assist in defining 
evidence based institutional research capacity building agenda.

– T-REC (Zimbabwe experience, 2011-2015): Zimbabwe was one of the partners 
in this international consortium. It was the first formal international EU funded 
research project that the NBSZ has handled. A rapid assessment was done at 
the end of the project and this provided useful insights on how blood services 
research capacity strengthening initiatives could be designed, managed and 
implemented. The T-REC model included three tier trajectories of PhD en-
hancement, in-service Diploma in Project Design and Project Management and 
Bursaries.
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– AfSBT Research Coordination: The AfSBT set up a Research Coordination func-
tion in 2008 after adopting the recommendations from the pan African blood 
transfusion research workshop in Mombasa that was funded by Welcome Trust. 
Through this initiative the AfSBT managed to develop its Research Policy, set 
up Research and Ethics Committees and similar structures throughout its five 
Regions. It also initiated the setting up of the AfSBT research network, which is 
yet to be completed. There are lessons learnt so far that can be used as a basis 
to support the AfSBT research initiatives which remains subdued due to non-
availability of dedicated research funding, thus putting its established structures 
in dormant. The AfSBT updated research priorities will be highlighted.

TonDeRaI MaPaKo

PhD Fellow – University of Groningen, Netherlands
Planning, Information and Research Manager - National Blood Service Zimbabwe
AfSBT Research Coordinator – Africa Society for Blood Transfusion
Institution Review Board Member – Biomedical Research and Training Institute, 
Zimbabwe
Reviewer – Medical Research Council of Zimbabwe
Member – Africa Society for Blood Transfusion (AfSBT)
Member – International Society for Blood Transfusion (ISBT)
Member – AABB
Appendix: Session Abstract and Objectives (AABB 2015)
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ABSTRACT 9:

Comparison of HIV changes and patterns in general and blood donor populations 
in Zimbabwe: key blood safety concerns

T Mapako, L M Marowa, M van Hulst

Abstract submitted: 34th International Congress of the ISBT, Dubai, United Arab 
Emirates, September 3 - 8, 2016.

Introduction: Recently a within-gender analysis of HIV prevalence changes between 
2005/06 and 2010/11 Zimbabwe Demography and Health Surveys (ZDHS) was 
conducted. It was noted that whilst Zimbabwe has reported a significant decline 
among both men and women, there are important differentials across provinces 
and demographic characteristics. It was concluded that the results tend to sug-
gest that the epidemic in Zimbabwe is heterogeneous and therefore interventions 
must be targeted in order to achieve epidemic control. In order to assess this 
heterogeneity effect on blood safety programme, blood donor data analysis over 
the same study period was conducted and changes and patterns were examined 
and compared with ZDHS results.

Methods: We analyzed within gender changes in HIV prevalence for 276,720 
women and 352,080 men who donated blood nationally for the combined periods 
of 2002-2006 and 2007-2011 being corresponding periods for ZDHS 2005/6 and 
2010/11 respectively. The proportional changes (%) in HIV prevalence were de-
termined and statistical significance using chi-square test was performed over the 
two periods. Sub-analysis by donation provinces and age categories was done and 
results compared with corresponding analysed ZDHS data. A blood safety indicator, 
the Donor Management Factor (DMF) was obtained by dividing the ZDHS’s HIV 
prevalence’s by the corresponding blood donor HIV prevalence.
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Results: Although there were similar proportional declines in ZDHS HIV prevalence 
at national level for males (15%, p=0.011*) and females (16%, p=0.008*) in the 
overall blood donors there was a 4% increase 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 variations in changes and patterns by provincial setting and age groups 
as shown in figure 1 - 3. The DMF decreased over the two periods in males from 
28 (14.5/0.51) to 24 (12.3/0.51) and woman from 29 (21.1/0.72) to 24 (17.7/0.75). 
Variations in changes in DMF were also observed across provinces and age strata.

Conclusion: The observed declines in the general population (ZDHS) were not 
replicated in the donor data, which may signify early trend variation warning to be 
considered, or it may be a reflection of challenges being faced in further improving 
blood safety. The DMF indicates that the blood safety programme is increasingly 
finding it difficult to attract blood donations from HIV negative donors. From the 
two data sources among both men and women there are important differen-
tials across provinces and age profiles, which jointly supports the view that the 
epidemic in Zimbabwe is heterogeneous. Therefore, interventions such as donor 
management need to be strengthened in order to effectively contribute to the HIV 
epidemic management and control in Zimbabwe.
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Figure 1: Overall proportional change (%) in HIV prevalence among men and women between 
two periods 2002-6 (ZDHS 2005/6) and 2007-11(ZDHS 2010/11).
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Figure 2: Overall proportional change (%) in HIV prevalence among men and women between 
two periods 2002-6 (ZDHS 2005/6) and 2007-11(ZDHS 2010/11) by blood donation provinces 
(Harare include all Mashonaland provinces and Bulawayo includes all Matebeland provinces).
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Figure 3: Overall proportional change (%) in HIV prevalence among men and women between 
two periods 2002-6 (ZDHS 2005/6) and 2007-11(ZDHS 2010/11) by age groups (NB: donation 
age starts at 16 years).
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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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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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Samenvatting

saMenVaTTInG

Ondanks dat bloedtransfusie als een standaard medische behandeling kan worden 
beschouwd, zijn er nog steeds risico’s verbonden aan een bloedtransfusie. Het risico 
van overdracht van infecties is één van de meest herkenbare risico’s. Om de kans 
van overdracht van infecties te beperken, raadt de Wereldgezondheidsorganisatie 
(World Health Organisation; WHO) aan om alle donaties te testen op het humaan 
immunodeficiency virus (HIV), hepatitis B virus (HBV) en hepatitis C virus (HCV). 
Om op een kosteneffectieve manier de veiligheid van bloedtransfusies te vergro-
ten, is het nodig het risico van overdracht van infecties te kwantificeren. Voor het 
kwantificeren van het risico is het nodig om inzicht te hebben in het proces van het 
verkrijgen van een bloedtransfusie: van het werven van de donor uit de algemene 
populatie, de donatie, het screenen, bewerken tot het toedienen aan de patiënt.

In ontwikkelingslanden, en daarbij in het bijzonder Afrika ten zuiden van de Sa-
hara, is er ondanks een hoger risico op overdracht van infectieziekten door bloed-
transfusies, weinig aandacht geschonken aan valide en robuuste inschatting van 
het risico van overdracht van infectieziekten. In dit proefschrift is het modelleren 
van de risico’s van overdracht van infecties door bloedtransfusie beschreven voor 
Afrika ten zuiden van de Sahara, met een bijzondere aandacht voor Zimbabwe.

Wij begonnen met het vergelijken van de HIV-prevalentie in de algemene en 
de donorpopulatie in hoofdstuk 2. De ratio tussen HIV-prevalentie in de algemene 
populatie en de donorpopulatie, de Donor Management Factor is daarbij een maat 
voor het aantrekken van laag risico donoren. Het onderzoek werd uitgevoerd in 
Zimbabwe waarin de jaren 2005/6 en 2010/11 met elkaar werden vergeleken. 
In ons onderzoek vonden wij dat ondanks een daling van de HIV-prevalentie in 
de algemene populatie, de HIV-prevalentie in de donor populatie, met name bij 
vrouwen, licht steeg. Hierdoor nam de Donor Management Factor voor mannen 
af van 28 naar 24. Voor vrouwelijke donoren werd er een sterkere daling gezien, 
namelijk van 29 naar 24. Deze resultaten kunnen worden gebruikt om op zoek te 
gaan naar subpopulaties waarin een lager risico voor HIV bestaat en waarmee dus 
een hogere Donor Management Factor wordt bereikt. Verder zou het gebruik van 
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de Donor Management Factor gevalideerd moeten worden in andere landen en 
bloedtransfusieorganisaties.

In hoofdstuk 3 is beschreven wat het risico is van het overdragen van HIV op een 
patiënt die een bloedtransfusie krijgt in Zimbabwe. De bloedtransfusieorganisatie 
van Zimbabwe heeft een aantal risico beperkende maatregelen geïntroduceerd, 
waaronder het aantrekken van donoren uit laag risicogroepen. Van 2001 tot en 
met 2010 vonden wij een risico van 1:7.384 (bereik, 1:11.308–1:5.356 donaties) 
in donoren die de eerste keer bloed kwamen geven en van 1:5.496 (bereik, 1: 
9.943–1: 3.347 donaties) in donoren die herhaaldelijk bloed kwamen geven. Hier-
uit zou kunnen worden afgeleid dat een donatie van een nieuwe donor even veilig 
zou kunnen zijn als een donatie van een donor die herhaaldelijk doneert. 

De invloed van drie mathematische modellen om het risico van HIV, HBV en 
HCV overdracht door bloedtransfusie de bepalen is beschreven in hoofdstuk 4. De 
toegepaste modellen zijn het Schreiber incidentie “window period” model (Mo-
del 1) , een aangepaste versie daarvan (Model 2) en model ontwikkeld door de 
Zimbabwaanse bloedtransfusieorganisatie  (Model 3). Het jaarlijkse (2002-2011) 
gemiddelde risico dat geschat werd met Modellen 1 tot en met 3 was respectie-
velijk 1 per 6542, 5805 en 6418 voor HIV; 1 per 1978, 2027 en 1628 voor HBV; 
en 1 per 9588; 15,126 en 7750 voor HCV. De drie gebruikte modellen geven dus 
vergelijkbare resultaten.

In hoofdstuk 5 is de ontwikkeling van een model beschreven waarmee het risico 
kan worden bepaald van de overdracht van infectieziekten door donoren die door 
een gebied reizen met een nieuwe infectieziekte. Dit model werd toegepast op de 
uitbraak van chikungunya in Italië in 2007 en Q-koorts in Nederland in de jaren 
2007-2009. Voor de chikungunya uitbrak in Italië, een vroege interventie (7 weken 
na de uitbraak, dus al na 19% van alle casussen) zou nodig zijn om slechts 41% van 
alle verwachte overdrachten te voorkomen. Bij Q-koorts, waarbij de overdracht 
door chronische infecties expliciet is meegenomen, zou zelfs aan het einde van de 
derde jaarlijkse uitbraak,  47% van alle (chronische) Q-koorts overdrachten door 
een bloedtransfusie kunnen worden voorkomen.

De kosteneffectiviteit van het introduceren van individuele donatie nucleic acid 
amplification testing (ID-NAT) in Zimbabwe is beschreven in hoofdstuk 6. Wij von-
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Samenvatting

den dat ID-NAT per 100,000 donaties het aantal infecties in transfusieontvangers 
met HBV, HCV en HIV ten opzichte van serologische screening laat afnemen met 
25, 6 en 9 infecties. De introductie van ID-NAT zou ten opzichte van serologische 
screening 212 quality-adjusted life years (QALYs) per 100,000 donaties geven. De 
incrementele kosteneffectiviteitsratio was hierbij US$17,774 per gewonnen QALY. 
Deze kosteneffectiviteitsratio is veel hoger dan afkapwaarde voor kosteneffectivi-
teit van drie keer het bruto nationaal inkomen per hoofd van de bevolking in Zim-
babwe (US$936). Naast een onderschatting van het bruto nationaal inkomen door 
een grote informele economie in landen zoals Zimbabwe, staat de afkapwaarde op 
zichzelf ook ter discussie.

In hoofdstuk 7 is een systematisch en gestructureerd proces gepresenteerd om 
de wetenschappelijke capaciteit van bloedtransfusie in landen ten zuiden van de 
Sahara te evalueren. Deze evaluatie is gebaseerd op acht thema’s: wetenschap-
pelijke strategie en beleid; infrastructuur en ondersteuning; fondsenwerving; 
projectmanagement; wetenschappelijke carrières; ontwikkelen van vaardigheden 
en kennis nodig voor onderzoek; externe promotie van onderzoek en de nationale 
inbedding van onderzoek. Er werden 85 semigestructureerde interviews binnen 
en buiten de bloedtransfusieorganisatie van Zimbabwe gehouden.  Synthese van 
de informatie uit de interviews lieten zien dat de bloedtransfusieorganisatie van 
Zimbabwe meer moest doen aan de disseminatie van onderzoek. Tevens is het 
nodig om de banden met de academie te verstreken voor het gezamenlijk opzetten 
van projecten en werven van fondsen.

Concluderend kan gesteld worden dat het mogelijk is met behulp van ma-
thematische modellen het risico van het overdragen van infectieziekten door 
bloedtransfusie in te schatten. Daarbij is het nodig om oog te houden voor de 
epidemiologie van infectieziekten in de algemene populatie versus die van de 
donorpopulatie. Mocht de Donor Management Factor gaan afnemen, dan is het 
nodig om actie te nemen om de meest veilige donor uit de algemene populatie aan 
te trekken. De kosteneffectiviteit van ID-NAT lijkt niet te overtuigen in Zimbabwe. 
Wellicht zou deze interventie nog afgezet kunnen worden tegen het beschikbare 
budget en de kosteneffectiviteitsratio’s van recent geïntroduceerde technieken 
in de gezondheidzorg van Zimbabwe. Het onderzoek naar de wetenschappelijke 
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capaciteit  van de bloedtransfusieorganisatie liet zien dat er banden met andere 
delen van de wetenschap en de gezondheidzorg verbeterd kunnen worden. Wij 
hopen dat het onderzoek beschreven in dit proefschrift hiertoe een eerste stap is.
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