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INTroduCTIoN

Blood transfusion is a routine, life-saving medical intervention which is generally regarded as safe 
when done appropriately1. Without blood, the management of many medical conditions such 
as trauma, cardiac surgeries, organ transplantation, malaria and obstetric haemorrhage, would 
have been difficult or nearly impossible. However, this life-saving procedure is often associated 
with significant clinical risks, which can be broadly classified as infectious or non-infectious 
complications2. The main challenges inscribed throughout the history of blood transfusion were 
centred on adequacy and safety of the blood supply. Attempts to resolve these challenges led 
to the evolution of blood transfusion into a multidisciplinary field, beyond issues related to 
blood procurement and storage3. Blood transfusion now involves several aspects, including but 
not limited to, adequate and safe blood supply, appropriate use of blood & blood products, 
development of novel cellular therapies, manipulation and prevention of immune responses and 
economic evaluation. The blood supply is now much safer largely due to conversion from paid 
to voluntary non-remunerated blood donors, improvements in donor screening, improvement 
of assays that detect transfusion-transmissible infections in donor blood, regular quality control 
on blood units, leucoreduction techniques, blood management, hospital transfusion committees 
and haemovigilance3-6. Although strategies to improve supply and minimise transfusion risk have 
been fully implemented with successful results in most developed countries, they are considered 
to be too expensive to implement in most resource-limited settings. As such, most resource-
limited settings are still confronted with challenges in terms of limited access to blood transfu-
sion or the provision of safe blood7. Most of the countries in the African Region collect about 4 
units per 1000 population, less than half of the World Health Organisation recommendation of 
10 per 1000, compared with an average of over 30 per 1000 population in developed countries8.

In resource-limited countries, blood transfusion is mainly used for complications of pregnancy, 
anaemia, infectious diseases, cancer, and gastrointestinal diseases9-11. The majority of blood and 
blood component use in sub-Saharan Africa (SSA) is for emergencies, hence unavailability may 
result in loss of lives. Although there is striking evidence of limited access to blood transfu-
sions, there is very little information on actual utilization patterns prompting suspicions of 
irrational use. Blood component utilisation data is widely available for a variety of countries 
globally12-21 while it’s limited to a few studies in Africa9-11,22-24. These studies demonstrate sub-
stantial variations in transfusion practices, arising from differences in population age structures, 
prevalence of conditions requiring transfusion, and levels of health care provision16,25,26. Most 
developed countries are characterised with ageing populations, chronic non-infectious diseases 
and advanced surgical technologies12,13,17,18,21, all of which may result in different patterns of 
blood component use when compared with developing countries. In contrast, the population in 
developing countries is predominantly young and blood utilisation patterns are likely to be very 
different. Information on blood utilisation will assist in conducting cost-effectiveness analyses17, 
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establishing clinical practice guidelines, planning efforts for recruitment of new blood donors 
and streamlining resources for the therapeutic benefit of patients19,25. In light of these potential 
differences in utilization patterns and the importance of utilisation data in decision making; it 
is imperative that developing countries in SSA collect their own data of profiles of transfusion 
recipients and the patterns of blood and blood component usage in order to correctly inform 
decision making in their settings.

In addition to studying the demographics of blood transfusion recipients and utilization pat-
terns, it is equally important to establish the outcomes following transfusion. These may include 
risks (infectious and non-infectious), length of hospital stay and mortality following a blood 
transfusion. Continuous surveillance of the whole transfusion chain, which includes assessing 
information on unexpected or undesirable effects resulting from the use of blood transfusions 
and preventing their occurrence and recurrence, is a necessary activity for any country27,28. The 
major transfusion-transmissible infections (TTIs) of clinical importance in Africa are mainly the 
human immunodeficiency virus I and II (HIV), hepatitis B virus (HBV), and hepatitis C virus 
(HCV). Although variable, the residual risk of HIV, HVB and HCV transmission by blood 
transfusion has been substantially described for countries in SSA29-34. Variability may be due to 
the adoption of different screening technologies by different countries, application of different 
methodologies in the estimation process and therefore emphasizes the need for additional data 
on TTI incidence and prevalence and residual transfusion risk in Africa. Information on the 
number of TTIs verified to have been transmitted via transfusion is lacking due to the difficulties 
that exist in tracking of patients and blood components. As a result, there are very few functional 
transfusion-transmissible infection ‘lookback’ programmes in SSA. In addition to these infec-
tious risks, the significance of non-infectious risks in transfusion medicine is on the rise and 
these risks are often associated with significant morbidity and mortality35-38. This information 
is very important for performing meaningful risk assessment and assessing the effectiveness of 
blood transfusions. There is a general paucity of information on non-infectious risks associated 
with blood transfusions in SSA, despite its significance.

Further to the challenges in terms of limited access to blood transfusion or the provision of safe 
blood, blood transfusion services in SSA are required and expected to comply with stringent 
regulatory demands, implement quality management systems, and comply with internation-
ally recognized standards of ethics and practice39,40 Technologies and advancements required 
to ensure such compliance may require a great deal of investments subsequently resulting in 
higher costs of producing blood41-43. In resource-limited settings, such increases may threaten 
adequate supply of blood hence access as well as the safety of the supply. There is a limited 
number of published data on the costs and cost drivers for the provision of blood in SSA. Cost 
estimates from several studies performed in developed countries44-46 are not readily transferable 
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to countries in SSA, hence the need for locally derived data. Cost analysis data is useful for 
budget planning, policy analyses, economic evaluations and decision making.

Economic evaluations are increasingly being used to support decisions related to resource al-
location in the health care field47-49. Three fundamental economic principles highlight the need 
for economic evaluations; scarcity of resources, need for making choices and consideration of 
opportunity costs. Because there are limited resources, decision makers have to make choices on 
the interventions to be implemented; and at the same time they have to take into consideration 
the value of forgone benefits because resources are not available for their best alternative use. The 
main purpose of economic evaluations is to provide decision makers with quantitative measures 
of the efficiency of health care interventions necessary to guide resource allocation50. Two most 
common types of economic evaluations are cost-effectiveness analysis (CEA) and cost-utility 
analysis (CUA). CEA describes a set of methods where results are expressed in natural units, as 
a ratio of cost to health benefits e.g. infections prevented or life year saved. CUA is a subset of 
CEA which accounts for both morbidity and mortality when measuring health benefits by mak-
ing use of preference weights assigned to relevant health states. Results of CUA are frequently 
expressed as costs per quality adjusted life year (QALY) or disability adjusted life year (DALY) 
saved/gained. Decision making on policies and adoption of technologies in transfusion medicine 
are complicated by the implications on public health, legal and liability issues, as well as politi-
cal, regulatory and public expectations regarding blood safety50-52. These issues, plus the general 
desire to achieve ‘zero’ risk have limited the application of economic evaluations in transfusion 
decision making. Economic evaluations are considered an important aspect of risk based deci-
sion modelling, particularly when comparing competing interventions52,53.

Nucleic acid testing (NAT), a highly sensitive and specific method for virus detection; is a blood 
safety strategy introduced to reduce the window period (WP) of TTIs and thus further reduce 
the risk of infection by blood transfusion. It is widely implemented in developed countries 
(Europe and North America) but little used in most of SSA, essentially because of its cost. 
However, NAT has been associated with low returns at high costs resulting in unfavorable cost-
effectiveness ratios in most developed countries where economic evaluations were performed54-57. 
On the contrary, favorable cost effectiveness was demonstrated for Ghana54, a developing coun-
try in SSA. 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 recipients58. The epidemiology of disease in the 
donor population determines the cost-effectiveness profile of infectious disease screening50,51. 
Economic evaluations of new blood safety strategies should therefore be done for each respective 
setting where they will be implemented.
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oBjeCTIves aNd ThesIs ouTlINe

This thesis consists of a series of papers which sought to close in on the information gaps high-
lighted in the preceding paragraphs. The main objective of the thesis was to determine the health 
and economic consequences of introducing Nucleic Acid Testing Technology as a blood safety 
strategy in a developing country. This attempted to answer the questions: Can a resource-limited 
setting (Zimbabwe) afford implementing NAT as a blood safety strategy? Does implementing 
NAT offer value for money? In order to populate the economic model, several papers were 
developed to obtain the required parameters and are described.

Data on donor and donation characteristics is readily available at the National Blood Service 
Zimbabwe (NBSZ), however information on the demographics of transfusion recipients and 
utilization patterns of blood and blood components is lacking. This is despite the usefulness of 
such data in conducting cost-effectiveness analyses17, establishing clinical practice guidelines, 
planning efforts for recruitment of new blood donors and streamlining resources for the thera-
peutic benefit of patients19,25. The demographics of transfusion recipients and the patterns of 
blood and blood components usage are described in Chapter 2. Similarly, information about the 
risks of transfusion in resource-limited settings is limited. In Chapter 3, we report data on the 
incidence and pattern of transfusion-related adverse events reported by hospitals in Zimbabwe.

If a blood strategy implemented at the blood service misses an infected unit of blood, the trans-
fusion recipient may become infected. Health related quality of life (HRQoL) is increasingly 
becoming an important patient outcome which can be incorporated into economic evaluations. 
In Chapter 4, we present an assessment of the HRQoL in patients infected with HIV. The costs 
of antiretroviral therapy in patients infected with HIV are presented in Chapter 5.

The costs of producing a unit of blood are not widely described for SSA. We describe the costs 
of producing a unit of blood in Zimbabwe in Chapter 6. Data on implementation of NAT 
demonstrated low returns at high costs resulting in unfavorable cost-effectiveness ratios in 
most developed countries where economic evaluations were performed54,56,57,59. This could be 
attributed to the low incidence of TTIs. The risk of TTIs is relatively high in sub-Saharan Africa 
and transfusions recipients are much younger. This may subsequently enhance the benefits of 
introducing NAT in these settings, yet limited economic evaluations are available. In Chapter 
7, data generated from the preceding chapters is collapsed into an economic model that esti-
mates the cost-effectiveness and budget impact of adding NAT screening to blood donations in 
Zimbabwe. Recognizing the reported critical lack of African researchers and research outputs as 
the main reason behind the total unavailability, or availability of poor quality evidence to guide 
blood safety decisions in SSA, we undertook a systematic review, assessing the NBSZ’s research 
capacity as a way of guiding its research strategy in Chapter 8.
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aBsTraCT

Background: There are limited published data on the characteristics of blood transfusion 
recipients in sub-Saharan Africa. This study describes the demographic characteristics of blood 
transfusion recipients, and utilization patterns of blood and blood components in Zimbabwe.

Materials and Methods: Data on the characteristics of the blood transfusion recipients (age, 
sex, blood group), blood components received (type, quantity), discharge diagnoses and out-
comes following transfusion (discharge status, length of stay in hospital), were retrospectively 
collected from four major hospitals during the period January 1, 2012 through December 31, 
2012. Diagnoses were grouped into broad categories according to the disease headings of the 
International Classification of Diseases, (ICD-10). Surgical procedures were grouped into broad 
categories according to organ system using ICD-9.

results: Most of the 1793 transfusion recipients studied were female (63.2%) and in the re-
productive age group (65.3%) i.e. in 15 – 49 years. The median age of the recipients was 33 
years (range, 0 – 93). The majority of these recipients (n=1642; 91.6%) received a red blood cell 
transfusion. The majority of the patients were diagnosed with conditions related to pregnancy 
and childbirth (22.3%), and diseases of blood and blood forming organs (17.7%). The median 
length of stay in hospital was 8 days (range, 0 – 214) and in-hospital mortality was 15.4%.

Conclusions: Our sample of blood transfusion recipients was fairly young and most of them 
received red blood cell transfusions. The majority of patients in the reproductive age group 
received blood transfusion for pregnancy and childbirth-related diagnoses.
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INTroduCTIoN

Critical review and continuous evaluation on the use of blood and blood components are 
essential activities aimed at improving transfusion practice1. These involve studying the de-
mographic characteristics of blood transfusion recipients, the utilization patterns of blood and 
blood components, the clinical conditions and specialties requiring blood transfusion, and the 
risks associated with blood transfusion in a population. Monitoring blood utilization is one 
way of assessing the present and future demands for blood and reducing unnecessary transfu-
sions2. Data on blood utilization is especially helpful in resource-limited settings where there are 
always competing needs for the scarce resources. Blood is one such scarce health resource and 
ensuring its safety and clinical effectiveness requires a great deal of investment, both human and 
financial. Information on blood utilization will assist in conducting cost-effectiveness analyses3, 
establishing clinical practice guidelines, planning efforts for recruitment of new blood donors 
and streamlining resources for the therapeutic benefit of patients2,4.

A number of studies on blood and blood component utilization have been carried out in recent 
years1-3,5-12. Substantial variations in transfusion practice, arising due to differences in population 
age structures, prevalence of conditions requiring transfusion, and levels of health care provision, 
have been reported4,13,14. However, most of these studies have been conducted in developed 
countries whose population and disease burden is different from developing countries. Most 
developed countries are characterized by an ageing population, chronic non-infectious diseases 
and advanced surgical technology3,6,8,12,15, all of which may result in different utilization patterns 
of blood components when compared with developing countries. In contrast, the population 
in developing countries is predominantly young and blood utilization patterns are likely to be 
different. There are limited published data on the characteristics of blood transfusion recipients 
in sub-Saharan Africa (SSA). The few studies reported that most of the limited blood supplies 
in developing countries are used for complications of pregnancy and childbirth, trauma and 
severe anaemia in childhood16-18. It is therefore imperative that blood utilization studies, in these 
settings, are carried out to establish local use patterns in order to effectively meet patient needs.

In Zimbabwe, the National Blood Service, Zimbabwe (NBSZ), is responsible for ensuring a 
safe, adequate, accessible and affordable supply of blood and blood components. Currently, 
NBSZ only has complete information on the number and type of blood and components, issued 
to hospitals, however, the actual consumption data is not readily available at hospital level. 
Establishing utilization patterns, especially basic parameters such as the number of patients 
and components transfused each year, will enable the blood service to dispatch its mandate 
efficiently and effectively. In this study, the demographic characteristics of patients receiving 
blood transfusions is described, as is the utilization patterns of blood and blood components, 
and the discharge diagnoses.
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MaTerIals & MeThods

Setting
The study was conducted in four major hospitals, all located in Harare, which had the highest 
number of units of blood issued nationwide by the NBSZ in 2012; these consisted of three 
public sector referral hospitals (Parirenyatwa Group of Hospitals, Harare Central Hospital, 
Chitungwiza Central Hospital) and one private hospital (West End Hospital). The four hos-
pitals have a combined capacity of 2,490 beds, annual admissions of 111,794 patients, annual 
discharges of 100,774 patients, and provide most of the medical and surgical specialties.

Study design
A retrospective analysis of blood transfusion recipient data, covering all blood and blood 
components transfused and recorded over a 12-month period, was undertaken. The primary 
data sources were manually completed blood bank registers, from which a sample of blood 
transfusion recipients was selected.

A computerized standard discharge summary for each patient is routinely completed, at the 
end of each hospital stay, by staff in the medical records department of each hospital. Different 
systems are in place at the four hospitals, however they were all able to provide all the data fields 
required for this study. These registries were used to obtain demographic and discharge diagnoses 
for all the transfused recipients. Data collected from the blood banks were linked with each 
transfusion recipient’s discharge summary, using the recipient’s full name and hospital number.

Data collection
Data were collected retrospectively from the four hospitals for the 12-month period from 
1 January to 31 December 2012, covering all blood and blood components recorded in the 
blood bank registers during this period. A sample size of 600 blood transfusion recipients per 
hospital, stratified by calendar month was targeted (i.e. 50 blood transfusion recipients were 
systematically sampled per month for each hospital). The monthly sampling fractions for each 
hospital were calculated by dividing the target sample size (50) by the actual total number of 
recipients registered each month. Transfusion recipient and blood component information was 
extracted from the blood bank registers. Data collected from the blood bank registers included 
full name, hospital number, component type, number of units of component, recipient blood 
group, donor blood group, date of issue of component and blood bank identification number 
for each transfusion recipient. Using the recipient’s full name and hospital number, the discharge 
summaries were extracted from the computerized registries. The variables included in the final 
dataset were characteristics of the patient (age, sex, blood group), blood components received 
(type, quantity), primary discharge diagnoses and outcomes following transfusion (discharge 
status, length of stay in hospital).
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Data evaluation
The data collected were computerized using Epi-Info version 719, then transferred to Microsoft 
Excel 2010 (Redmond, Washington, USA) and Stata 1220 for cleaning and statistical analysis. 
Transfused patients were grouped into broad diagnostic categories according to the 21 (I-XXI) 
chapters of the International Classification of Diseases (ICD-10). Surgical procedures were 
grouped into broad categories according to organ system using ICD-9.

Statistical analysis
Categorical demographic and clinical variables (e.g. type of components transfused, in-hospital 
mortality rates, etc.) are summarized using frequency counts and percentages; all continuous 
measures (e.g. length of hospital stay) followed non-Normal distributions so are summarized 
using medians and ranges. The age groups were categorised into: 0 – 14, 15 – 24, 25 – 54, 55 – 
64 and over 65 years. Data were stratified according to sex, age, and diagnosis of the recipients. 
Differences between proportions were evaluated using the Fisher exact test; differences between 
medians were evaluated using the Mann-Whitney U-test (two groups) or the Kruskal-Wallis test 
(more than two groups). An a priori significance level of α=0.05 was set for all analyses.

Ethical considerations
Ethical approval was obtained from the Medical Research Council of Zimbabwe (MRCZ/B/402) 
and the Joint Parirenyatwa Hospital (Harare) and College of Health Sciences Research Ethics 
Committee (JREC75/12). Additional approvals were obtained from each of the participating 
hospitals.

resulTs

Blood and blood components distributions
A total of 53,803 units of blood were distributed nationally, during the period under study 
(January – December 2012). More than half of the blood components (n=28,293; 52.6%) were 
distributed to the four hospitals included in this study. Of these blood components, 23,970 
(84.7%) were distributed as red blood cells; 3,014 (10.7%) as fresh frozen plasma; 954 (3.4%) 
as platelets; 146 (0.5%) as paediatric packs; 90 (0.3%) as cryoprecipitate; and 119 (0.4%) as 
whole blood.

Transfusion recipients and blood components
Of the 2400 patients who were systematically selected for the study, discharge summaries were 
available for 1,793 patients (74.7%). Of these, 1,642 (91.6%) received a red blood cell transfu-
sion. The total number of units transfused to patients in the sample during the study period 
was 4,249, representing 15.0% of the blood components distributed to the four hospitals. Most 
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of the transfused components were red blood cells (n=3,660; 86.1 %) followed by fresh frozen 
plasma (n=444; 10.4%), platelets (n=93; 2.2%), cryoprecipitate (n=32; 0.8%) and whole blood 
(n=20; 0.5%).

Demographic characteristics
The demographic characteristics and patient blood groups of the recipients are shown in Table 
1. Most transfusion recipients were female (1,126; 63.2%), of whom 851 (75.6%) were in the 
reproductive age group (15 – 49 years). The median age for the recipients was 33 (range; 0 – 93) 
years. The mean age was 35 (SD; 20) years. Approximately 10% of transfusion recipients were 
at least 65 years old, while 13.4% recipients were under the age of 15 years. The most common 
blood group type was O Rhesus positive (531, 45.7%). The distribution of blood transfusion 
recipients according to sex and age is shown in Figure 1.

Figure 1 | The distribution of blood transfusion recipients by age and sex
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Distribution of transfusion recipients by age, component transfused and 
primary discharge diagnosis
Figure 2 shows recipient age and sex distributions per blood component transfused. Of all the 
blood components transfused, the majority were transfused to women. Transfusion recipients in 
the reproductive age group (15 – 49 years) received 2560 (69.9%) units of red blood cells, 372 
(83.8%) units of fresh frozen plasma, 62 (66.7%) units of platelets, 9 (45.0%) units of whole 
blood and 30 (93.8%) units of cryoprecipitate. Paediatric patients below the age of 5 years 
received 155 (4.2%) units of red blood cells; 13 (2.9%) units of fresh frozen plasma; 15 (16.1%) 
units of platelets; and 6 (30.0%) units of whole blood. Transfusion recipients aged 65 years or 
older received the following units; red blood cells (n=394; 10.8%); fresh frozen plasma (n=16; 
3.6%) and whole blood (n=2; 10.0%).

Table 1 | The distribution of age and ABO blood groups of blood transfusion recipients according to 
sex
Variable Recipients Males Females

n % n % n %
Age range (years)
0 – 14
15 – 24
25 – 54
55 – 64
65+
Not recorded

238
250
985
115
195
10

13.4
14.1
55.6
6.5
10.4
-

148
58
282
57
107
-

62.2
23.2
28.6
49.6
57.8
-

90
192
703
58
88
-

37.8
72.8
71.4
50.4
45.1
-

Blood group
A+
A-
AB+
AB-
B+
B-
O+
O-
Not recorded

335
12
48
3
209
5
531
20
630

28.8
1.0
4.1
0.3
18.0
0.4
45.7
1.7
-

132
3
20
0
74
3
208
12
-

39.4
25.0
41.7
0
35.4
60.0
39.2
60.0
-

203
9
28
3
134
2
323
8
-

60.6
75.0
58.3
100
64.1
40.0
60.8
40.0
-

Table percentages exclude missing values
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Figure 2 | Age and sex distributions of blood transfusion recipients by blood component transfused

Discharge diagnoses were available for 91.6% of the blood transfusion recipients, with the rest 
of the recipients reported as having undergone surgical procedures. The distribution of blood 
transfusion recipients and blood components transfused over the broad ICD-10 discharge 
diagnosis categories are shown in Table 2. The top five broad ICD-10 diagnostic categories ac-
counting for most blood transfusion recipients were pregnancy and childbirth (n=363;22.4%); 
diseases of blood and blood forming organs (n=287; 17.5%); neoplasms (165; 10.1%); infec-
tious and parasitic diseases (n=146; 9.0%); and diseases of the digestive system (8.2%). Most red 
blood cells (n=783; 23.9%) and fresh frozen plasma (205; 46.4%) were used in the pregnancy 
and childbirth diagnosis category. The blood and blood forming organs category used most 
of the platelets (n=24; 25.8%) and cryoprecipitate (n=28; 87.5%), while most whole blood 
(n=7; 35.0%) was used in the injury and poisoning category. The median number of blood 
components transfused was 2 for red blood cells, platelets, whole blood and cryoprecipitate; and 
4 for fresh frozen plasma. The principal diagnoses (four character subcategories) associated with 
high usage of red blood cells, fresh frozen plasma, platelets, whole blood and cryoprecipitate 
were unspecified anaemia, false labour (as reported, see discussion), aplastic anaemia, burns, 
and hereditary factor VIII deficiency, respectively. The 25 most frequently encountered principal 
diagnoses are shown in Table 3.
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Table 2 | Distributions of blood components transfused over the broad ICD-10 discharge diagnosis 
categories
Diagnostic category (ICD-10 
codes)

Recipients Transfused components
n % RBC % FFP % PLT % WB % CRY %

Pregnancy, childbirth and the 
puerperium

363 22.4 783 23.9 205 46.4 14 15.1 3 15.0 2 6.3

Blood and blood forming organs 287 17.5 610 18.3 30 6.7 24 25.8 4 20.0 28 87.5
Neoplasms 165 10.1 378 11.4 19 4.3 18 19.4 0 0.0 2 6.3
Genitourinary system 130 7.9 297 8.9 42 9.4 1 1.1 0 0.0 0 0
Digestive system 133 8.2 276 8.4 27 6.1 5 5.4 2 10.0 0 0.0
Infectious and parasitic diseases 146 9.0 257 7.8 35 7.8 8 8.6 0 0.0 0 0.0
Injury and poisoning 93 5.7 163 4.9 15 3.4 0 0.0 7 35.0 0 0.0
Circulatory system 63 3.8 128 3.8 8 1.8 0 0.0 0 0.0 0 0.0
Respiratory system 60 3.7 105 3.2 11 2.5 0 0.0 3 15.0 0 0.0
Endocrine, nutritional and 
metabolic diseases

41 2.6 68 2.1 12 2.7 1 1.1 0 0.0 0 0.0

Nervous system 30 1.8 67 2.0 5 1.1 0 0.0 0 0.0 0 0.0
Symptoms, signs and abnormal 
clinical and lab findings

32 2.1 60 2.0 0 0.0 4 4.3 0 0.0 0 0.0

Conditions originating in the 
perinatal period

37 2.5 33 1.1 27 6.1 4 4.3 1 5.0 0 0.0

Skin and subcutaneous tissue 20 1.3 31 1.1 6 1.3 6 6.5 0 0.0 0 0.0
Musculoskeletal system and 
connective tissue

12 0.7 15 0.5 0 0.0 5 5.4 0 0.0 0 0.0

Mental and behavioural disorders 2 0.1 6 0.2 0 0.0 0 0.0 0 0.0 0 0.0
Factors influencing health status 2 0.1 5 0.2 0 0.0 0 0.0 0 0.0 0 0.0
Congenital malformations 6 0.4 3 0.1 2 0.4 3 3.2 0 0.0 0 0.0
External causes of morbidity and 
mortality

1 0.1 2 0.1 0 0.0 0 0.0 0 0.0 0 0.0

Ear and mastoid process 1 0.1 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Total percentages may not add up to 100% due to rounding. RBC = red blood cells, FFP = fresh frozen plasma, 
PLT = platelets, WB = whole blood, CRY = cryoprecipitate
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Table 3 | Twenty-five most frequent ICD-10 diagnoses
Broad diagnostic 
category

Four character subcategories Number of 
recipients

% Number of RBC 
units

RBC%

Pregnancy, 
childbirth and 
the puerperium

Spontaneous abortion
Postpartum haemorrhage
Ectopic pregnancy, unspecified
False labour, unspecified
Single spontaneous delivery, 
unspecified

53
54
29
35
24

3.3
3.3
1.8
2.2
1.5

127
116
76
52
47

3.9
3.5
2.3
1.6
1.4

Blood and blood 
forming organs

Anaemia, unspecified
Anaemia in other chronic diseases 
classified elsewhere
Aplastic anaemia, unspecified
Thrombocytopenia, unspecified
Iron deficiency anaemia, unspecified

211

21
11
9
3

13.0

1.3
0.7
0.6
0.2

455

40
35
21
10

13.8

1.2
1.1
0.6
0.3

Neoplasms Cervix uteri, unspecified
Leiomyoma of uterus, unspecified
Stomach, unspecified
Malignant neoplasm of prostate
Bladder, unspecified

42
15
11
10
7

2.6
0.9
0.7
0.6
0.4

106
36
24
19
17

3.2
1.1
0.7
0.6
0.5

Genitourinary 
system

Unspecified kidney failure
Chronic kidney disease, unspecified
Other specified abnormal uterine 
and vaginal bleeding
Excessive and frequent menstruation 
with regular cycle
Acute renal failure, unspecified

45
17

10

10
9

2.8
1.0

0.6

0.6
0.6

95
46

26

25
16

2.9
1.4

0.8

0.8
0.5

Digestive system Gastrointestinal haemorrhage, 
unspecified
Other and unspecified intestinal 
obstruction
Peptic ulcer, site unspecified
Duodenal ulcer
Peritonitis, unspecified

62

11

6
4
6

3.8

0.7

0.4
0.2
0.4

138

20

17
13
11

4.2

0.6

0.5
0.4
0.3

ICD: International Classification of Diseases; RBC: red blood cell.

The top five broad ICD-9 procedure categories accounting for most blood transfusion recipients, 
were for surgical procedures related to: digestive system (32.2%); female genital organs (26.2%); 
musculoskeletal system (17.5%); male genital organs (6.7%); and obstetrical procedures (4.7%). 
Most red blood cells were transfused during surgical procedures on the digestive system (29.8%) 
followed by operations on the female genital organs (26.6%), operations on the musculoskeletal 
system (18.3%), obstetrical procedures (5.6%) and operations on the male genital organs (5.4%).
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Outcomes
The mean and median length of stay in hospital for transfusion recipients was 14 (SD 18) and 8 
(range 0 – 214) days, respectively. The in-hospital mortality for transfused patients was 15.9%, 
while the overall mortality for all the patients was 6.6%. There were statistically significant sex 
and age differences in both length of stay in hospital and survival rates at discharge. The length 
of stay in hospital, and in-hospital mortality for the transfusion recipients are shown in Table 4.

Table 4 | Comparison of length of stay in hospital according to sex and age (n=1,793)
Outcomes

Variables Length of stay in hospital In-hospital mortality
Recipients, n Median (range)p-value Recipients, n Rate (%) p-value

Sex
Male 630 10 (0 – 145) 637 20.7
Female 1078 7 (0 – 214) 0.005a 1093 13.8 0.001c

Not recorded 85 - 63 -
Age range 
(years)
0 – 14 231 11 (0 – 145) 232 19.3
15 – 24 238 7 (0 – 176) 244 10.7
25 – 54 949 7 (0 – 198) 964 14.6
55 – 64 118 9 (0 – 214) 111 17.1
65+ 172 12 (0 – 95) <0.001b 189 24.3 0.011 c

Not recorded 85 - 53 -
a = Mann-Whitney test, b = Kruskal-Wallis test, c = Fisher exact test

dIsCussIoN

This study provides information on the demographic characteristics of blood transfusion re-
cipients and blood component utilization patterns at four urban hospitals in Harare. Current 
information suggests that this is the first attempt at characterizing blood component utilization 
in Zimbabwe and is one of the few studies of this nature in SSA. Of the 2,400 patients sampled 
from the hospital blood banks, discharge records were obtainable for 1,793 patients (74.7%). 
The discrepancy may have arisen due to erroneous entries of key information (patients’ hospital 
identification numbers and names) by the hospital staff into the blood bank registers as well as 
the discharge summaries. It is worth noting that the blood bank registers at the four hospitals 
are operated manually while computerized registries are in place for capturing patient discharge 
summaries. It was not possible to identify patients who received transfusion using the computer-
ized registries since that information is not captured. Whilst the retrieval rate is acceptably high, 
it reflects on the need for improved data capturing and record keeping within the hospitals. 
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Utilizing electronic registries to capture all blood bank records will significantly reduce the dis-
crepancies observed in this study and improve any future look-back activities, which is difficult 
and lacks precision, at present. Reviewing and extracting transfusion data from manual registers 
is labour intensive, time consuming and costly, which may explain, in part, the limited number 
of studies undertaken in SSA.

The study sample comprised of a much younger cohort of transfusion recipients than in studies 
reported from developed countries where the majority of transfusion recipients were above the 
age of 60 years3,6,7,11,21-25. The low median age in this study reflects the age structure of the general 
population in Zimbabwe, which is characterized by a young population, with only 3.6% being 
over the age of 65 years26. The life expectancy at birth for Zimbabwe is currently estimated at 58 
years, while the global population average is 70 years27. Developed countries are predominantly 
characterized by ageing populations, due to the higher mean life expectancies. An older but 
comparable transfusion recipient population was reported in Brazil (49 years)28, whereas a much 
younger recipient population was described from SSA18,29-31. The Zimbabwe national census 
statistics states that the male to female ratio for Zimbabwe is 0.95. This may, in part, explain 
why this cohort demonstrated more females receiving transfusion. Transfusion recipients in SSA 
are mostly children, in malaria endemic areas, as well as in women of childbearing age due 
to complications of pregnancy17,18,29,30. Receiving a blood transfusion earlier in life may have 
far reaching implications for recipients, due to the presence of inherent risks principally due 
to transmission of infectious agents and adverse reactions associated with blood transfusion. 
Exposure to these risks at a younger age, for instance transfusion transmitted infections, may 
leave the recipient affected for much longer than we would see in a much older recipient due 
differences in life expectancies at the time of exposure. If a young transfusion recipient were to 
get infected by HIV, for example, the number of years lived with the disease would be much 
more than an older recipient would. On the same note if a younger transfusion recipient were 
to die from a transfusion related complication, the number of life years lost would be much 
more than what an older recipient would lose. Unlike developed countries, most transfusions 
in developing countries are mainly given early in life, which increases the long-term impact of 
blood transfusion in the recipients. The present study included fewer paediatric patients receiv-
ing blood transfusion, unlike other studies carried out in the SAA region, which have reports on 
many paediatric patients receiving blood transfusion for anaemia related to malaria18,29,30. This 
can be attributed to the location of the hospitals included in this study, as the 4 hospitals are at 
a high altitude and serve a population, which live in a relatively free malaria area.

The distribution of ABO blood groups, among patients included in the study is consistent with 
that reported in the donor population in Zimbabwe32. Acute shortages of blood group specific 
blood are often experienced in Zimbabwe making an understanding of the distribution of blood 
groups among transfusion recipients important. This information is necessary for planning 
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bleeds as well as informing distributions of blood and blood components; subsequently ensuring 
that patients receive blood matching their ABO blood group and Rhesus type.

The majority of the transfusion recipients in the sample (92.6%) received red blood cell transfu-
sions, which is higher than that reported in studies from Brazil (42.0%)28 and Korea (43.3%) 1, 
however it is comparable to the proportions reported from developed countries (56 – 96%)2,15,24. 
This is a reflection of the proportions in which blood and blood components are prepared and 
distributed in Zimbabwe. More than 90% of all collected blood is processed into components 
and about 87% of the components are distributed as red blood cells33. The distribution of blood 
components transfused to the recipients in this study was comparable to the distribution of blood 
components issued to the hospitals included in the study. Currently, the use of whole blood for 
transfusions is very low in Zimbabwe. Whole blood is only issued for transfusion following 
special requests by the clinicians mainly for massive haemorrhages and exchange transfusions.

Women in this study, especially in the reproductive age group (15 – 49 years) received the 
majority of the blood and blood components transfused. This is consistent with findings in 
other countries in the SSA region where women receive more blood for pregnancy-related 
complications, mainly related to intra partum and postpartum haemorrhage18,29,30. Studies from 
developed countries, report that more men than women receive blood transfusion3,8. This may be 
attributed to advanced health care services and management practices during pregnancy, which 
reduces the associated complications requiring transfusion. An assessment of how pregnancy 
is managed amongst women in Zimbabwe may assist in developing more effective ways of 
reducing pregnancy-related complications and subsequently the need for blood transfusion. An 
understanding of the complications occurring in these young women together with the associ-
ated risk factors may go a long way in reducing maternal mortality, which at this point is fairly 
high. It might also help reduce exposure to blood transfusion and hence the associated risks.

The median number of units transfused for each component ranged from 2 for red blood cells, 
fresh frozen plasma, whole blood and cryoprecipitate to 4 for platelets. These are similar to 
findings from Brazil (3 units)28, Sweden & Denmark (4 units)15, and Germany (1-4 units)2. 
In this study the median number of red blood cell units transfused per patient was similar for 
both males and females, while it increased from 1 unit for recipients aged less than 15 years to 
2 – 4 units for recipients over the age of 15 years. The median number of red blood cell units 
transfused also varied depending on the broad diagnostic category; a finding similar to reports 
in literature 2.

The top five diagnoses for which patients received a blood transfusion in Zimbabwe were preg-
nancy and childbirth; diseases of blood and blood forming organs; neoplasms; genitourinary 
system; and diseases of the digestive systems. In contrast to developing countries, most studies 



32  |  Chapter 2

in literature from African countries9,18,29,30 did not classify the diagnoses according the ICD-10, 
making it impossible for direct comparisons with the findings in this study. Only one recent 
study from Namibia used the ICD-10 classification31 and reported results which are relatively 
comparable to our study. This study reported diagnoses in the infectious disease, pregnancy and 
gastrointestinal categories as accounting for 14.8%, 11.1% and 6.1% of red blood cell units 
issued, respectively. This underscores the importance of standardizing methodologies for under-
taking comparative analysis using data from related studies. However, malaria and pregnancy 
related conditions were cited among top indications for blood transfusion in the region18,29,30. 
Studies from non-African countries reported neoplasms, injury, digestive systems, and circula-
tory system as the main diagnoses associated with transfusion1,3,24,28. This strongly demonstrates 
that blood utilization patterns vary significantly within regions, practices and patient character-
istics. The disease burdens, levels of organization and advancement of health care in the different 
settings also contribute to significant differences in blood utilization. In developed countries, 
for example, more resources are available and pregnant women are better cared for, from the 
onset of pregnancy, which reduces the likelihood of complications and requirements for blood 
transfusion. Currently, data on the number of pregnant women requiring blood for transfusion 
is not available. However, we recognize the importance of gathering such data especially in light 
of the high maternal mortality rate reported in Zimbabwe. Further work addressing the use of 
blood and blood components in obstetric care is warranted.

In this study, unspecified anaemia was the most common principal diagnosis (73.5%) under 
diseases of blood and blood forming organs. This may be due to limited capacity and expertise to 
make specific diagnoses, thus overestimating diseases of blood and blood forming organs, while 
underestimating other diagnoses. This may also be attributed to poor record keeping and coding 
by clinicians and medical records staff. False (threatened) labour was provided as criteria for the 
discharge diagnoses for transfusion recipients, recorded in this study, although it is recognised 
that blood transfusion has no role in the management of this condition. This is an example of 
inaccurate, misleading and poor record keeping, and erroneous coding. A prospective study 
to evaluate the indications for blood transfusion will assist in classifying transfusion triggers 
and more precisely describing the profiles of individual recipients. This will also present an 
opportunity for assessing the use of and adherence to guidelines on Prescribing Blood in Zim-
babwe34. “The National Blood Policy of the Republic of Zimbabwe” 35 and “Standards for Blood 
Donation, Processing and Clinical Transfusion in Zimbabwe”36 were published and accepted for 
national distribution in 2010. These documents advocate the formation of Hospital Transfusion 
Committees, which will have the responsibility of assessing the clinical use of blood and blood 
components in hospitals. In addition, recommendations are made for the establishment of a 
haemovigilance program, which will provide surveillance on blood donation and clinical use of 
blood. Findings from these committees and programs will ensure a platform for determining 
adherence to policies, guidelines and practices in the Clinical use of Blood, leading to effective 
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auditing and improvements in transfusion practices, nationally. Training hospital personnel; 
periodic monitoring and evaluation of all activities related to clinical transfusion practice, will 
improve the quality of record keeping, coding and most importantly, patient management and 
care. This would subsequently help enhance the quantity and quality of reports of transfusion 
related adverse events, both previously reported as substantially low37.

In-hospital mortality among blood transfusion recipients, in this study was lower than that 
reported in Brazil (24.0%)28, however, much higher when compared to the USA (7.6%)23. Data 
for patients who did not receive blood transfusion was not available hence it was not feasible 
to assess the association between blood transfusion and in-hospital mortality. The length of 
stay in hospital generally provides the level of disease severity of the admitting diagnoses and 
extent of complications that may arise. The length of stay in hospital for transfusion recipients 
would be more informative when compared with data for patients who had not received blood 
transfusions, as this would provide an indication of the additional burden due to transfusion. 
However, data for patients who did not receive blood transfusion was not available for this 
study and a comparison was only possible with data for transfusion recipients reported from 
other countries. In addition, the length of stay can serve as indicator of the cost burden of the 
admitting diagnoses beyond the costs incurred because of transfusion. The median length of stay 
in hospital was lower but comparable to the one reported for Brazil, (13 days; range, 0 – 278)28. 
A study by Morton et al in the USA reported a mean length of stay in hospital of 9.2 days23. Male 
transfusion recipients in this study remained in hospital for more days and had a higher mortal-
ity rate, at discharge, compared to women recipients. This may indicate that male recipients had 
more serious medical conditions, on admission, which required more time to recuperate, with a 
reduced chance of survival.

The study demonstrates a number of potential limitations. First, the data were obtained from 
four urban hospitals, which may not accurately represent the overall transfusion practices in 
Zimbabwe. A future prospective national study, which incorporates hospitals in all provinces 
at different locations, will provide a better representation of the patterns of blood utilization 
throughout the country. Information on the total number of patients, who received transfu-
sions and the actual number of blood components transfused, over a specified period, was not 
available for this study. This information largely remains unknown due to the unavailability 
of electronic data systems and reliance on manually kept registers which are often not fully 
recorded. The number of blood components distributed was, therefore, used as a surrogate 
measure of consumption. These are key denominators, which are necessary in epidemiological 
studies and without them it is not possible, from the available data to accurately extrapolate the 
information nationally
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CoNClusIoNs

In this study sample, blood transfusion recipients were relatively young, which may result in 
prolonging of the long-term impact of blood transfusion in these recipients. A higher proportion 
of women received blood transfusion for conditions related to pregnancy and childbirth. Trans-
fusion of red blood cells was predominant. Although this study presents data from a limited 
number of hospitals and a small proportion of patients, who received blood transfusion in Zim-
babwe, the findings provide an insight into the characteristics of blood transfusion recipients 
and form the basis for planning more comprehensive blood utilization studies in Zimbabwe. It 
also highlights the probable differences in utilization patterns and practices in different settings. 
This warrants for more research in our settings aimed at generating evidence necessary to inform 
policies and practices.
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aBsTraCT

Background: Haemovigilance hinges on a systematically structured reporting system, which un-
fortunately does not always exist in resource-limited settings. We determined the incidence and 
pattern of transfusion-related adverse events reported to the National Blood Service Zimbabwe.

Materials and methods: A retrospective review of the transfusion-event records reported to the 
National Blood Service Zimbabwe was conducted, covering the period from 1 January 1999 
to 31 December 2011. All transfusion-related event reports received during the period were 
analysed.

results: A total of 308 transfusion adverse events (0.046%) were reported for 670,625 blood 
components distributed. The majority (61.6 %) of the patients who experienced an adverse event 
were female. The median age was 36 years (range 1 – 89 years). The majority (68.8%) of the 
adverse events were acute transfusion reactions consisting of febrile non-haemolytic transfusion 
reactions (58.5%), minor allergies (31.6%), haemolytic reactions (5.2%), severe allergic reac-
tions (2.4%), anaphylaxis (1.4%) and hypotension (0.9%). Two-thirds (66.6%) of the adverse 
events occurred following administration of whole blood, although only 10.6% of the blood 
was distributed as whole blood. Packed cells, which accounted for 75% of blood components 
distributed, were associated with 20.1% of the events.

Conclusion: The incidence of suspected transfusion adverse events is generally lower than those 
reported globally in countries with well-established haemovigilance systems. The administration 
of whole blood was disproportionately associated with transfusion adverse events. The pattern of 
the transfusion adverse events reported here highlights the probable differences in practice be-
tween different settings. Underreporting of transfusion events is rife in passive reporting systems.
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INTroduCTIoN

Blood transfusion is a routine lifesaving medical intervention which is generally regarded as safe 
when done appropriately. Sometimes, however, blood transfusion is associated with significant 
clinical risks. These risks can be broadly classified as infectious or non-infectious complications1. 
Several strategies have been put in place to minimize the risks of transfusion and ensure the 
optimally safe and appropriate use of blood and blood components. These strategies include, 
but are not limited to, the use of voluntary non-remunerated blood donors, stringent selection 
of blood donors, screening of donated blood for transfusion transmissible infections (TTIs) 
using sensitive assays, regular quality control on blood units, leukoreduction techniques, blood 
management, hospital transfusion committees and haemovigilance2-4. These strategies have sig-
nificantly improved the safety of blood, especially with regard to infectious risks. Infectious risks 
associated with blood transfusion have decreased significantly due to early detection of infectious 
agents and improved donor screening5, 6. However, newer risks and threats still remain.

Despite the general decrease in transfusion risk, bacterial contamination remains a leading cause 
of infectious transfusion related morbidity and mortality6-8. In addition, the significance of 
non-infectious risks in transfusion medicine is on the rise and these are often associated with 
significant morbidity and mortality5, 6, 9, 10.

Although strategies to minimize transfusion risk have been fully implemented in most devel-
oped countries, they are considered to be too expensive to implement in most resource-limited 
settings, including Zimbabwe. Nevertheless, continued surveillance of the whole transfusion 
chain, which includes assessing information on unexpected or undesirable effects resulting from 
the use of blood transfusions and preventing their occurrence and recurrence, is a necessity 
regardless of the strategies implemented11, 12. These sets of activities are collectively referred to 
as haemovigilance and they help to keep these risks in check. Efficient reporting of suspected 
transfusion events is a key haemovigilance activity in transfusion medicine.

There is a general paucity of information about the risks of transfusion in resource limited settings 
including the sub-Saharan Africa region. Zimbabwe is yet to establish a systematic and formalized 
haemovigilance system. However, the national blood transfusion services (i.e. National Blood Ser-
vice Zimbabwe (NBSZ)) receives voluntary, unsolicited transfusion events’ reports from hospitals 
and transfusing centres. The purpose of this study was to estimate the incidence and pattern of 
transfusion-related adverse events reported to the national blood transfusion service.
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MaTerIals aNd MeThods

Data on the number of blood components distributed during the period from 1 January 1999 to 
31 December 2011 were obtained from the NBSZ’s annual reports. Data on transfusion-related 
events were collated retrospectively from manual records of all the transfusion adverse events 
reported to the NBSZ during the same period. As a minimum requirement for inclusion in the 
study, a report had to have information on the symptoms observed by the clinician during or 
after transfusion, and either the name or the barcode of the component transfused.

Transfusion adverse events were classified using mainly the UK’s Serious Hazard of Transfu-
sion (SHOT) classification scheme13, with some consultation of the American Association of 
Blood Banks’ (AABB) technical manual14. These were comparable with the definitions of the 
International Society of Blood Transfusion (ISBT)15. Cases were classified based on the clinical 
features presented by the recipient, as well as laboratory findings.

Transfusion adverse events were classified by the first author (NM) and reviewed by the fourth 
author (MEC). Data were collected and analyzed to determine the incidence of various types of 
transfusion events and the types of blood components involved. STATA Version 12.016 was used 
to perform the descriptive data analysis.

resulTs

Blood components distributed
A total of 670,625 blood components were distributed during the study period (1999 – 2011), 
giving an average yearly distribution of 51,587 (SD=16,023) components. Of these blood 
components, 505,524 (75.4%) were distributed as packed red blood cells, 71,279 (10.6%) as 
whole blood, 59,762 (8.9%) as fresh frozen plasma, 27,788 (4.1%) as platelets, 3,568 (0.5%) as 
cryoprecipitate and 2,704 (0.4%) as paediatric packs.

Transfusion Adverse Events
A total of 440 (0.1% of all the components distributed) suspected transfusion adverse events were 
reported to the NBSZ during the study period. Of these reports, 308 met the inclusion criteria and 
were included in the analysis. The incidence (or reporting frequency) of transfusion events for this 
period was estimated at 0.46 per 1000 blood components distributed. The number of reports varied 
between 6 and 65 cases per year (Figure 1). The majority (61.6 %) of the patients who experienced a 
transfusion event were female. The median age was 36 years (range 1-89 years). The majority of the 
adverse events occured following transfusion with whole blood (66.6%) and packed red blood cells 
(20.1%). The frequencies and incidences of transfusion events by each category are shown in Table 1.
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Figure 1 | Distribution of transfusion reactions by calendar year. ATR: acute transfusion reactions; 
IBCT: incorrect blood component transfused; TACO: transfusion-associated circulatory overload; 
TRALI: transfusion-related acute lung injury

Table 1 | Summary of Transfusion Reactions over 1999 – 2011 in Zimbabwe
Transfusion reaction Frequency (%) Incidence (per 1,000 components)
Acute transfusion reactions 212 (68.8) 0.32
Bacterial contamination 3 (1.0) 0.0045
IBCT 1 (0.3) 0.0015
TACO 2 (0.6) 0.0030
TRALI 1 (0.3) 0.0015
Fatal 1 (0.3) 0.0015
Unclassified 88 (28.6) 0.13
Total 308 (100) 0.46

Number of distributed blood components: 670,625. IBCT: incorrect blood component transfused); TACO: 
transfusion associated circulatory overload; TRALI: transfusion related acute lung injury.
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Acute Transfusion Reactions
Acute transfusion reactions, occurring within 24 hours after transfusion of blood components, 
formed the largest category of all the adverse events reported, contributing 212 (68.8%) cases 
(Table 2). The majority of acute transfusion reactions occurred following the administration of 
whole blood (68.4%). Of the 212 acute reactions, 124 cases (58.5% of all ATRs) were febrile 
non-haemolytic transfusion reactions (FNHTR). Most of the cases of FNHTR occurred follow-
ing transfusion with whole blood (n=80) and packed cells (n=30). Minor allergic transfusion 
reactions were reported in 67 cases with the majority of cases arising following transfusion of 
whole blood (55 cases; 82.1%). Five cases were classified as severe allergic reactions. Eleven cases 
of acute haemolytic transfusion reactions, representing 5.2% of all ATRs, were reported. Of 
these, five cases occurred following transfusion with whole blood, four with packed cells and in 
the remaining two, the component transfused was not mentioned in the reports. All the cases 
of acute haemolytic transfusion reactions showed clinical symptoms consistent with haemolysis. 
These symptoms included, but were not limited to, pyrexia, rigors, lumbar pain and headache. 
Two cases were confirmed by a positive direct antiglobulin test (DAT), three cases by a fall in 
haemoglobin concentration and in one case, anti-C and anti-E antibodies were identified. There 
was no evidence of incompatibility in five of the cases and their classification was made based on 
the clinical findings, notably evidence of haemolysis in post-transfusion samples. Fresh frozen 
plasma and packed cells had been transfused in the two cases (0.9% of ATRs) of hypotension 
that were reported.

Table 2 | Summary of Acute Transfusion Reactions over 1999 – 2011 in Zimbabwe
Transfusion reaction Frequency (%) Incidence

(per 1,000 components)
Anaphylaxis 3 (1.4) 0.0045
FNHTR 124 (58.5) 0.18
Haemolytic 11(5.2) 0.016
Hypotension 2 (0.9) 0.0030
Minor allergic 67 (31.6) 0.10
Severe allergic 5 (2.4) 0.0075
Total 212 (100) 0.32

FNHTR: febrile non-haemolytic transfusion reactions.

Other transfusion adverse events
Three cases of suspected bacterial contamination were reported during the study period, repre-
senting 1% of all the adverse events. Coagulase-negative staphylococci were isolated following 
transfusion with whole blood in a 31-year-old female patient with antepartum haemorrhage. The 
other organisms involved following transfusion with packed red blood cells were only identified 
as “heavy Gram positive” and “heavy bacterial contamination”. It was not possible to verify the 
specific strains.
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A single suspected case of transfusion-related acute lung injury (TRALI) (0.3%) and two cases 
of suspected transfusion-associated circulatory overload (TACO) (0.6%) occurred following 
transfusion with red blood cells and whole blood, respectively. It was not possible to ascertain 
if any serological investigations had been undertaken since it was not reported. A single case of 
possible transfusion- related mortality was reported during the period under study. The details 
of the investigation, laboratory or clinical information for the mortality case, were not reported 
making it impossible to evaluate the causal relationship. There was insufficient information on 
severity and imputability of all the adverse events. There was one case of an incorrect blood 
component transfused (IBCT) (0.3%), in which a 56-year-old, blood group A+ male patient was 
transfused with blood group O+ fresh frozen plasma and developed urticaria.

A total of 89 cases could not be unambiguously allocated into specific categories because case 
reports only described non-specific clinical features, and as such were classified as non-specific 
transfusion adverse events. Of the 89 non-specific adverse events, 64 were of acute nature. All 
the 64 cases occurred within 24 hours following transfusion, however there was inadequate 
laboratory and clinical information to classify them further.

Quality of reports
All 308 reports that met the inclusion criteria were subjected to a quality evaluation to estab-
lish the completeness of all the necessary required information. Out of the total 308 reports 
included in the analysis, 20 (6.5%) were not fully investigated. These investigations were either 
not completed, referred to the quality assurance department, not reported or not done at all. In 
218 (70.8%) of the analyzed reports, microbiological investigations were not done. Of these, 
50 (22.9%) were not cultured because the unit submitted was vented. In 35 (11.4%) of the 
reports, it was not possible to establish whether microbiological investigations were done or 
not. Pre-transfusion haemoglobin values were not reported in 91 (29.5%) of the cases whilst 
post-transfusion haemoglobin values were only reported in 7 (2.3%) of the cases.

dIsCussIoN

Suspected transfusion-related adverse events in Zimbabwe are reported by transfusing centres/
hospitals on a voluntary basis. Hospital participation in the surveillance system for the period 
included in this study was low, constituting approximately 20 percent of all transfusing hospitals. 
This low participation could be attributed to the passive nature of the surveillance system as well 
as lack of appropriate legislation for enforcement of reporting.

In this study, a total of 308 transfusion adverse events were suspected and investigated, giving 
an overall incidence of 0.46 per 1000 blood components distributed (0.046%). This incidence 
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is comparable to the one estimated based on the data given in the South African National Blood 
Service (SANBS) Haemovigilance Report for 200717. The incidence of transfusion adverse events 
for South Africa was estimated to be 0.049%. However, the incidence in the present study is very 
low when compared to rates reported in developed countries. A university hospital in Switzerland 
documented a global incidence of 4.2 incidents per 1000 blood components distributed18. In 
France, a reporting rate of 2.5 – 3 per 1000 blood components was documented19, 20, whilst the 
Quebec haemovigilance system reported a rate of 3.5 per 1000 blood components transfused21. 
A recent study from a tertiary care hospital in India reported a frequency of 0.5 transfusion 
reactions per 1000 blood components issued22. Other studies conducted in Sub-Saharan Africa 
reported very high incidences of transfusion related adverse events. A tertiary hospital in Nigeria 
reported a rate of 87 per 1000 blood components transfused23. Similarly, a rate of greater than 50 
per 1000 blood components transfused was reported for a teaching hospital in Cameroon24. The 
rates recorded in Nigeria and Cameroon were from prospective studies that focused on a single 
institution. The differences in the study design between the present study may partly explain the 
variability in reporting rates of transfusion events when compared to the estimates from Nigeria 
and Cameroon.

The comparison was restricted to systems that monitor all specific major and minor adverse 
transfusion adverse events. The low reporting frequency observed in this study is reflective of 
the passive nature of the surveillance system and maybe a pointer towards under-reporting of 
transfusion events. A study carried out in India also noted under-reporting of adverse events 
as a major concern22. Information on the actual number of blood components transfused over 
a specified period is not currently available in Zimbabwe. The number of blood components 
issued was, therefore, used as a surrogate measure for consumption. To some extent, this might 
have over-estimated consumption, possibly resulting in a lower reporting rate estimate. The 
National Blood Policy of the Republic of Zimbabwe25 and the Standards for Blood Donation, 
Processing and Clinical Transfusion in Zimbabwe26 came into effect in 2010. These guiding 
documents stipulate that medical officers (treating physicians, transfusing officers) should report 
all suspected transfusion adverse events to NBSZ. These guiding documents also call for the 
formation of Hospital Transfusion Committees whose overall role will be to assess the use of 
blood and blood components in hospitals. This may improve hospital participation and report-
ing rate, subsequently uncovering under-reporting.

Of the total 212 acute transfusion reactions, 124 (58.5%) cases were suspected to be FNHTRs. 
This gives an incidence rate of 0.18 per 1000 blood components, which is much lower than 
incidence estimates documented in literature27-29. Platelet transfusions are more commonly as-
sociated with FNHTRs29-33, but that was not the case in this study. This is mainly because few 
component platelet units (1,321; 0.4%) were transfused relative to the other components. None 
of the components transfused during this period were leukoreduced, and FNHTRs observed 
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with whole blood and red packed cells are associated with the involvement of donor leukocytes, 
pro-inflammatory cytokines and biologic response modifiers14, 34-36. The use of white blood cell-
reduced red blood cells and platelets may reduce the incidence of FNHTR27-29,37. However, 
FNHTRs still occur, suggesting the involvement of other mediators. Premedication of recipients 
with antipyretics, especially those with two consecutive episodes of FNHTR, may also help 
reduce the incidence of FNHTRs27,38. This underscores the need for adequately capturing the 
patient history particularly with regard to transfusion episodes and adverse events.

The established criterion for confirming AHTRs were met for six cases. Classification of the 
remaining five cases was made based on the clinical findings, notably evidence of haemolysis in 
post-transfusion samples. These five cases could be a result of the presence of weak antibodies39, 

40 or nonimmune-mediated haemolysis9,10,41. The use of malfunctioning blood warmers, bacte-
rial overgrowth, the infusion of blood through small-bore IV needles, or the infusion of blood 
through lines containing hypotonic solutions or incompatible medications are all thought to 
be responsible for nonimmune-mediated acute haemolytic transfusion reactions9,42. The overall 
frequency of AHTRs, 0.016 per 1000 blood components transfused, was generally lower that 
the rates reported in literature9,37,42,43.

There were few suspected cases of TRALI, IBCT, TACO, bacterial contamination or transfusion-
related mortality in this study. TRALI and TACO are difficult to identify and may have been 
low in our study due to under-reporting because of insufficient recognition and and variable 
awareness among medical staff. TRALI and TACO are also often confused for each other. The 
observed clinical features for TACO were sufficient in this study while those for TRALI were 
borderline.

Under-reporting of bacterial contamination is highly likely since the microbiological investiga-
tions were not done in most of the suspected cases. A number of suspected transfusion adverse 
events were submitted without all or some of the samples required for a full investigation to 
be carried out. A number of these may have been misclassified into the FNHTR and/or in the 
category of non-specific adverse events.

Of the 440 reports received, 132 were not included in the analysis due to incomplete infor-
mation. This is a real cause for concern since this contributed 30 percent of all the reported 
suspected transfusion adverse events. This also reflects on the passive nature of the system, where 
transfusing centres are not clearly aware of the key information to be reported and the value 
of such missing information. Most reports are sent in retrospect thereby making follow-ups 
extremely difficult.
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The general quality of the assessed reports was graded as low, as most of them were incomplete 
making classification difficult. This also made it impossible to grade the adverse events according 
to severity and imputability. Revising the reporting form and introducing a systematic and stan-
dardized surveillance system may go a long way in addressing these shortcomings and improving 
the quality of the data reported. More active participation of hospital transfusion committees 
would also improve the quality and quantity of reporting.

Although the suspected transfusion adverse events reported may not adequately represent the 
true picture of the frequency of transfusion events, these data can be useful as some form of 
signal of the complications occurring in clinical practice. This study therefore serves as a basis 
for meaningful risk assessment and further research. It also sets the tone for improvement of the 
current reporting system as well as institution of preventative action required to minimize such 
risks in resource-limited countries.

CoNClusIoNs

The incidence of suspected transfusion adverse events is generally lower in Zimbabwe than those 
reported globally in countries with well-established haemovigilance systems. The patterns of the 
transfusion adverse events reported here highlights the probable differences in practice between 
different settings. Quality reporting is a key element required for the accurate quantification 
and characterization of transfusion related events. There is need for a more organized, standard-
ized and systematic surveillance system for transfusion adverse events. Education and awareness 
campaigns for health care professionals are required in order to improve both the quality and 
quantity of reports.
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aBsTraCT

Health related quality of life (HRQoL) is a broad concept reflecting a patient’s general subjec-
tive perception of the effect of an illness or intervention on physical, psychological and social 
aspects of their daily life. HRQoL among patients infected with HIV has become an important 
indicator of impact of disease and treatment outcomes. A cross-sectional survey was carried out 
at Chitungwiza Central Hospital, Zimbabwe; to assess HRQoL and associated factors in patients 
with HIV/AIDS receiving antiretroviral therapy (ART), using two validated instruments. The 
HIV/AIDS targeted quality of life (HAT-QoL) and EuroQoL – 5 Dimensions (EQ-5D-3L) 
instruments were used to assess HRQoL. Internal consistency reliability and convergent validity 
of the two instruments were evaluated. Associations between HRQoL scores and socio-economic 
and HIV/AIDS-related characteristics were explored. The median scores for the HAT-QoL di-
mensions ranged from 33.3 (financial worries) to 100 (HIV mastery). A considerably low HAT-
QoL dimension score of 50.0 was observed for sexual function. There were ceiling effects for 
all HAT-QoL dimension scores except for financial worries and disclosure worries. Floor effects 
were observed for financial worries and sexual function. The median of the EQ-5D-3L index 
and visual analogue scale (VAS) was 0.81 and 79.0, respectively. There were no floor or ceiling 
effects for both the EQ-5D-3L index and VAS. The overall scale Cronbach’s alpha was 0.83 for 
HAT-Qol and 0.67 for EQ-5D-3L. HAT-QoL demonstrated good convergent validity with 
EQ-5D index (0.58) and VAS (0.40). A higher level of HRQoL was positively and significantly 
associated with income, education, and employment. The patients’ self-reported HRQoL was 
generally satisfactory in all the HAT-QoL dimensions as well as the two components on the EQ-
5D-3L instrument. The two instruments demonstrated good measurement properties in HIV/
AIDS patients receiving ART and have potential for use, alongside biomarkers, in monitoring 
outcomes of interventions.
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INTroduCTIoN

The introduction of antiretroviral treatment services has revolutionized HIV/AIDS care in many 
respects, and contributed immensely in transforming it into a chronic illness1,2. The continuous 
scaling-up of antiretroviral therapy (ART) has substantially increased the number of people ac-
cessing medication. Patients are now able to live a near-normal life and possibly have comparable 
life expectancies with individuals living without the infection2-4. Monitoring disease progression 
and outcomes of interventions therefore become pivotal in HIV/AIDS care.

Monitoring disease progression and health outcomes in HIV/AIDS care, particularly treat-
ment, have largely been focused on increased length of life5. Clinically, CD4 count, viral load, 
and clinical evaluations remain the prominent markers of disease progression and treatment 
outcomes6. Unfortunately, some of these antiretroviral medicines are often associated with side 
effects, which are tolerated differently by patients. This renders the usual tools for monitoring 
disease progression, adherence and treatment outcomes by far insufficient. As such, these clinical 
markers may not provide a comprehensive assessment of the impact of HIV/AIDS and the 
associated interventions on an individual’s life.

The World Health Organization (WHO) defines health as ‘a state of complete physical, mental 
and social well-being and not merely the absence of disease or infirmity7. This all-encompassing 
definition implies the importance of capturing effect changes both in terms of life expectancy 
and quality of life (QoL), when monitoring disease progression and treatment outcomes and 
led to the development of the concept of health-related quality of life (HRQoL). HRQoL is a 
multidimensional concept reflecting an individual’s perception on how an illness or intervention 
affects the physical, psychological and social aspects of his or her health8-10. HRQoL measures are 
becoming an integral part of patient follow-up, providing valuable feedback, from the patients’ 
perspective, about the disease and associated interventions.

HRQoL assessment in HIV/AIDS takes into account the impact of the infection and ART on 
an individual’s physical, psychological and social wellbeing as reported by the patient. HRQoL 
measures are important as indicators of the effectiveness of HIV/AIDS treatments and care 
programmes. Measurements of HRQoL can be incorporated in models that inform economic 
evaluation of HIV/AIDS treatment services, making them pivotal in resource allocation de-
cisions5,11. Such assessments can also be useful in identifying factors associated with HRQoL 
among people living with HIV, thereby informing public health specialists on specific impact 
mitigation and support interventions that may be required to maximize HRQoL1,12.

Since the first reported case more than three decades ago, HIV remains a major public health 
problem in Zimbabwe, with an adult prevalence of 14.7%13 and associated with an estimated 
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64,000 AIDS-related deaths annually14. HIV/AIDS has significantly strained the delivery of 
health services, threatened the agricultural activities and food security, affected the education sys-
tem and caused significant setbacks to an already depressed economy15-17. The ART programme 
in Zimbabwe was formally started in April 2004 with the objective of reducing morbidity and 
mortality due to HIV and AIDS, and improving the QoL for people living with HIV18. Scale-up 
efforts have resulted in many people infected with HIV gaining access to ART. A few stud-
ies have assessed HRQoL as an outcome in patients living with HIV/AIDS in Zimbabwe19-22. 
However, none of these studies used both a generic and a disease-targeted instrument. Although 
the 2010 WHO guidelines for antiretroviral therapy recommended that countries reduce the 
use of stavudine (d4T) because of its well-recognized toxicity, most centres in Zimbabwe are 
still in the process of phasing it out. An assessment of HRQoL in patients receiving ART was 
therefore necessary. The use of both a generic and disease-targeted instrument for assessing QoL 
in a disease specific population is highly recommended since this approach is thought to provide 
a comprehensive assessment and measurement of disease specific QoL23,24. The purpose of this 
study was to assess HRQoL and associated factors in patients with HIV/AIDS receiving ART 
at a central hospital Zimbabwe, using two validated instruments. In addition, the measurement 
properties of the two instruments were assessed in order to ascertain if they were still feasible 
and valid methods of HRQoL assessments in the era of improved ART availability in Zimbabwe.

MeThods

Participants and setting
A cross-sectional descriptive study was conducted at Chitungwiza Central Hospital, Zimbabwe 
during the period July-October 2013. Patients with HIV/AIDS, aged 18-60 years and receiving 
ART were randomly selected and invited to participate during their clinic visits. During the 
study period, ART was to be initiated to all patients presenting with WHO stages 3 and 4 of 
HIV disease regardless of the CD4 count. In cases where CD4 count was available ART was 
to be initiated in all adults and adolescents, including pregnant women, with CD4 cell counts 
of less than 350 cells/mm3. The participants were conveniently recruited during their monthly 
visits to the opportunistic infections (OI) clinic. The hospital is one of the five major referral 
hospitals in Zimbabwe, located about 30 km South East of Harare. The OI clinic provides ART 
and care to approximately 8 000 HIV positive patients.

Procedures and outcomes
Trained health care workers performed face-to-face interviews, using structured questionnaires, 
to gather information about the participants’ socio-economic, HIV-related characteristics and 
HRQoL. Data on the participants’ HRQoL were gathered using the HIV/AIDS-Targeted Qual-
ity of Life (HAT-QoL) and EuroQoL-5 Dimensions (EQ-5D-3L) instruments [9,10]. These 
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instruments had been used and validated previously in Zimbabwean populations20,25,26. The use 
of both a generic and a disease-targeted instrument is thought to provide a comprehensive assess-
ment of QoL as well as a measure of disease specific QoL27. The Shona version of the HAT-QoL 
questionnaire was adapted from the one used by Taylor et al. in a similar population20. The 
modification was the inclusion of the sexual function dimension. The questionnaire explored 
HRQoL in the overall function, health worries, financial worries, illness mastery, life satisfac-
tion, medication worries, provider trust and sexual function dimensions. The Shona version of 
the EQ-5D-3L was obtained from the EuroQoL group26. The EQ-5D-3L was used to measure 
HRQoL in two parts. The first part consisted of five dimensions: mobility, self-care, usual activi-
ties, pain/discomfort and anxiety/depression. The second part was a visual analogue scale (VAS) 
ranging from 0 to 100, from which participants were asked to estimate their QoL score.

A separate demographics questionnaire was used to gather information on socio-demographic 
and HIV/AIDS-related characteristics. Demographic characteristics were obtained at the time 
of the study. The participants’ medical records were reviewed to obtain the last recorded clinical 
characteristics recorded within three months from the date of their participation in the study. 
Participants whose CD4 count had been assessed more than three months prior to the study, 
and those whose CD4 counts were not recorded in the medical records, provided blood samples 
for CD4 count determination.

Ethical Approval
Ethical approval was obtained from the Joint Parirenyatwa Hospital and College of Health 
Sciences Ethical Committee (JREC 194/13), the Medical Research Council of Zimbabwe 
(MRCZ/B/564) and the Chitungwiza Central Hospital institutional ethics committee. All 
participants provided written informed consent administered either in English or Shona.

Statistical Analysis
Data analysis was performed with the statistical software package Stata Version 13.0 (College 
Station, Texas). Descriptive statistical analysis was used to describe the socio-demographics 
and HIV-related characteristics, and HRQoL profiles of the participants. Reponses from the 
HAT-QoL instrument were transformed to numerical values for each dimension using the guide 
provided with the instrument27. The final dimension score was a linear scale, ranging 0 – 100, 
where 0 was the worst score possible and 100 was the best score possible. The health states on the 
EQ-5D-3L were transformed into an index value using the guideline provided by the developers 
of the instrument26. The EQ-5D health states were converted to a single summary index for each 
participant using value sets for Zimbabwe28.

Dimension-specific psychometric evaluations were completed, including corrected item-total 
correlations and internal consistency reliability coefficients and floor/ceiling effects20,27,29. The 
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internal consistency reliability was determined for each of the instruments using Cronbach’s 
alpha, with a value of greater than or equal to 0.70 considered adequate29-31. Corrected item-total 
correlations were used to observe the reliability of individual items. For each item’s total score, a 
correlation of 0.40 was considered acceptable. Floor/ceiling effects were considered to be present 
when the percentage of participants with the lowest (floor) or highest (ceiling) possible score was 
more than or equal to 20%20,27.

Construct validity assessments were done using the socio-demographic and HIV-related char-
acteristics. The variables were dichotomized (e.g., subgroup of subjects with CD4 cell count 
<200 cells/mm3 and subgroup with CD4 cell count >200 cells/mm3), and subgroup median 
dimension scores were compared. Differences between median HRQoL scores of various patient 
groups were evaluated using the Mann-Whitney U-test.

Convergent validity between the EQ-5D-3L index and VAS, and the HAT-QoL dimensions was 
assessed using Spearman rank order coefficients (Spearman’s ρ), including a comparison with 
the HAT-QoL summary score. The HAT-QoL summary score was calculated by averaging the 
dimension scores. Correlation coefficients less than or equal to 0.30 were considered negligible, 
0.30 – 0.50 as low, 0.51 – 0.75 as moderate and above 0.75 as high32. Unless, otherwise indi-
cated, an a priori significance level (α) was set at 0.05 for all analyses.

resulTs

Socio-demographic and HIV/AIDS-related characteristics
A total of 257 participants out of the 350 patients approached during the study period (73.4% 
response rate) consented and participated. Details of the patients declined to participate such as 
reasons for non-participation, demographic and clinical details were not available for analysis. 
The majority of the participants were female (72.0 %), with a mean age of 39.7 years (SD; 
8.9). More than half of the participants (54.1%) were married and had attained secondary level 
education (equivalent to high school diploma) (65.4%). A greater proportion of the participants 
were not formally employed (87.9%) and the median monthly income was US$100. The major-
ity of participants (42.8%) were in HIV stage III. The median CD4 count was 343 cells/mm3 
(range; 8-1,431). About half of the participants were on stavudine-based ART (49.1%), while 
38.9% were on a tenofovir–based regimen and 12.0% were on a zidovudine-based regimen. 
The median time on ART was 24 months (range; 1 – 144). The socio-demographic and HIV/
AIDS-related characteristics of the participants of the study are summarized in Table 1.

HRQoL Score descriptions and psychometric properties
The HAT-QoL dimension, EQ-5D index and VAS scores are summarized in Table 2. The median 
scores for the HAT-QoL dimensions ranged from 33.3 (financial worries) to 100 (HIV mastery). 
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Table 1 | Sociodemographic and clinical characteristics of the study sample (n=257)
Characteristic Frequency (%)
sex
Male
Female

72 (28.0)
185 (72.0)

age group (yr) (mean 39.7, sd 8.9)
<25
25 – 54
>54

6 (2.3)
235 (91.5)
16 (6.2)

Marital status
Single
Married
Divorced
Widowed

23 (8.9)
139 (54.1)
32 (12.5)
63 (24.5)

level of education
Primary
Secondary
Tertiary

81 (31.5)
169 (65.8)
7 (2.7)

employment status
Employed
Unemployed

31 (12.1)
226 (87.9)

accommodation
Owned
Rented

124 (48.3)
133 (51.7)

arT regimen
d4t-based
AZT-based
TDF-based
Missing

87 (49.4)
21 (11.9)
68 (38.6)
81 (31.5)

who clinical staging
I
II
III
Missing

43 (23.0)
64 (34.2)
80 (42.8)
70 (27.2)

Income (us$)
<250
>250

216 (84.1)
41 (15.9)

Cd4 count (cells/mm3)
<200
200-500
>500
Missing

43 (23.4)
84 (45.6)
57 (31.0)
73 (28.4)

Time on arT (months)
<12
12-48
>48
Missing

26 (14.8)
108 (61.4)
42 (23.9)
81 (31.5)
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There were ceiling effects for all HAT-QoL dimensions except for financial and disclosure worries. 
Floor effects were observed for financial worries and sexual function. The Cronbach’s alpha of all the 
HAT-Qol’s 9 dimensions was 0.83. All Cronbach’s alphas for the HAT-QoL dimensions were robust 
(≥0.70). Only two items (about disclosure worries; 0.38 and provider trust; 0.32) did not reach 
the recommended item-total correlation coefficient threshold of 0.40. The median scores for the 
EQ-5D-3L index and VAS were 0.81 and 79.0, respectively. There were no floor/ceiling effects for 
the two EQ-5D-3L components. Cronbach’s alpha of five dimensions of the EQ-5D-3L was 0.67.

Construct validity
Statistically significant median score differences for HA-QoL dimensions, EQ-5D-3L index and 
VAS across participant subgroups are presented in Table 3. A complete profile for HRQoL of dif-
ferent participant groups and discriminative validity of the instruments is presented in Appendix 1. 
Significant differences were observed between socio-demographic and HIV/AIDS-related variables 
and three HAT-QoL dimensions (health worries, financial worries and sexual function), but were 
less consistently found for the six remaining dimensions. For example, male participants less likely 
had financial worries and indicated worse sexual function; younger subjects more likely had worse 
sexual function, health and disclosure worries, and less likely indicated HIV mastery; participants 
with lower education more likely had financial worries and reported poorer sexual function; and 
participants earning less than US$250 per month indicated worse overall function and less likely 
indicated life satisfaction, but more likely had health and financial worries.

Significant differences were observed between the EQ-5D-3L index and VAS, and level of educa-
tion, employment status and income subgroups, but were less consistently found for the other 
subgroups. Married participants had a better QoL, while those with primary level education, 
unemployed and a monthly income less than US$250 were more likely to indicate poor QoL on 
the EQ-5D-3L index and VAS.

Convergent validity
Convergent validity of the HAT-QoL dimensions with EQ-5D-3L components was demon-
strated and the data are presented on Table 4. All Spearman rank order coefficients for EQ-5D 
index and VAS comparisons with the HAT-QoL dimensions were significant (p<0.01) except 
for the one between VAS and disclosure worries (ρ=0.12; p=0.06). Correlations for EQ-5D 
index comparisons with HAT-QoL dimensions were negligible with disclosure worries and 
provider trust; low with life satisfaction, financial worries, medication worries, HIV mastery, and 
sexual function; and moderate with overall function and health worries. Correlations for VAS 
comparisons with HAT-QoL dimensions were negligible with HIV mastery, disclosure worries, 
provider trust and sexual function; low with life satisfaction, health worries, financial worries, 
and medication worries; and moderate with overall function. The coefficient between EQ-5D 
index and VAS was 0.59 (p<0.001). The coefficients for EQ-5D index and VAS comparisons 
with the HAT-QoL summary score were 0.58 and 0.40, respectively (p<0.001).
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Table 4 | Spearman rank order correlation coefficients for EQ-5D index and VAS comparisons with 
the HAT-QoL dimensions
HAT-QoL Dimensions EQ-5D Scales

EQ-5D-3L Index EQ-VAS
Overall function 0.53*** 0.51***
Life satisfaction 0.48*** 0.34***
Health worries 0.56*** 0.47***
Financial worries 0.47*** 0.36***
Medication worries 0.41*** 0.33***
HIV mastery 0.36*** 0.21***
Disclosure worries 0.20** -
Provider trust -0.16** -0.20**
Sexual function 0.33*** 0.24***
HAT-QoL Summary Score 0.58*** 0.40***

***p<0.001, **p<0.01

dIsCussIoN

To the knowledge of the authors, this is the first attempt to assess the HRQoL in urban Zim-
babweans living with HIV/AIDS using both a generic and an HIV-targeted instrument. The 
simultaneous use of a generic and disease-targeted instrument for assessing QoL in a disease 
specific population is highly recommended since this approach is thought to provide a compre-
hensive assessment and measurement of disease specific QoL. Participants in this cross-sectional 
study reported a high QoL, which may be a direct result of ART. The health utility scores for 
the EQ-5D-3L are similar to those reported in HIV positive patients receiving antiretroviral 
therapy in other countries33-35. No similar study assessing HRQoL using the EQ-5D-3L in 
HIV patients receiving ART was found for Zimbabwe. The HAT-QoL dimension scores were 
considerably higher compared to previously reported values for people living with HIV/AIDS 
in Zimbabwe, where dimension mean scores ranged from 40.2-79.319 in 2001 and 31.4-74.820 
in 2002. The differences in time horizons during which data were collected may have resulted 
in these observed differences. The formal introduction of the ART programme in Zimbabwe 
has resulted in the widespread availability of more potent and safer antiretroviral drugs which 
might have subsequently resulted in a substantial increase in the HRQoL in 2013 compared to 
years before18,36. The previous studies recruited patients as they sought treatment for HIV-related 
opportunistic infections, with most of them meeting the WHO case definition for AIDS, while 
less than half of the patients in the current study could be classified into the AIDS stage. The 
current study was performed in an urban setting whilst the two previous studies were carried out 
in a rural setting where patients relied on traditional medical practitioners to a greater extent. 
It is also not very clear whether the patients in the previous studies were on ART or not. These 
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factors may have contributed to the observed differences. These differences underscore the need 
for periodic assessments of QoL in different populations, if HRQoL is to become an integral 
part of impact and outcome assessment in HIV/AIDS patients.

The financial worries indicated in this study are consistent with the socio-economic status re-
ported by the participants, and is a true reflection of the prevailing economic environment in the 
country. Zimbabwe has been, for a decade or so, going through an economic crisis characterized 
by hyperinflation, massive deindustrialization and high unemployment rates. As such, most of 
the participants in the current study (87.9%) were unemployed and earned a monthly income 
of less than US$250, which falls way below the poverty datum line of US$500. HAT-QoL 
showed good internal reliability consistency in all the dimensions, further affirming the validity 
of the instrument in a Zimbabwean setting20. This is particularly important considering the 
socio-cultural sensitivities associated with QoL instruments. Although this study provides strong 
evidence to support the usefulness of the instruments in measuring HRQoL in Zimbabwe, 
other considerations have to be put into perspective. Two HAT-QoL dimensions did not reach 
the dimension-total correlation coefficient threshold of 0.40 and 7 out of the 9 dimensions had 
substantial ceiling effects, while 2/9 dimensions had floor effects. Although the main purpose 
of this study was not to assess the reliability of the instrument, these findings warrant some 
discussion.

The reliability and validity of the HAT-QoL instrument in a Zimbabwean population was 
performed in patients “presenting with an HIV- related opportunistic infection, and having 
received treatment for that illness”20. It is however not clear whether or not these patients were 
on antiretroviral therapy, and even if they were, the antiretroviral drugs then were much different 
from the ones available at present. Therefore patients in the study conducted in 2002, in which 
the reliability and validity assessments were done, were probably much sicker and were either 
not on treatment or received less effective and much less safe medications20. The introduction 
of highly active ART has resulted in many patients living with HIV leading near-normal lives. 
This may have implications on the responsiveness of the HAT-QoL, an instrument derived 
directly from self-reports of HIV seropositive individuals, in a ‘modern day’ patient living with 
HIV. This may explain the substantial ceiling effects observed in the majority of the HAT-QoL 
dimensions in this study. This warrants further studies to re-assess the reliability and validity of 
HIV-targeted instruments in ‘modern day’ HIV infected individuals.

The computed five-item EQ-5D-3L reliability coefficient (Cronbach’s alpha) of 0.67 was slightly 
lower than the acceptable value of 0.70. However, the item-test correlations (not shown) were 
higher than the acceptable value of 0.40, thus rendering reliability satisfactory. The lack of floor/
ceiling effects on EQ-5D index and VAS further demonstrates the validity of the EQ-5D-3L 
instrument in assessing the HRQoL in HIV positive patients receiving ART. Further assessments 
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in a much larger population may be required to confirm or refute this finding, since the EQ-5D-
3L has been associated with substantial floor/ceiling effects when used in the general population 
as well as HIV patients37-42.

Significant associations between HRQoL and participants’ monthly income were consistently 
found across the majority (6) of the HAT-QoL dimensions and the two components of the 
EQ-5D-3L. The positive correlation between income and HRQoL scores was also reported in 
other settings43-45. This demonstrates that, even though services such as CD4 count test, viral 
load test and ART are provided for free in public health programmes, patients may still require 
financial resources to access other services that may or may not necessarily be directly related to 
healthcare. These may include liver function tests, hospital charges, non-ARV medicines, trans-
port, food and shelter. Failure to access any of these other services may have a negative impact on 
the QoL of patients. The two other characteristics (education and employment), closely related 
to income, showed significant negative associations with HRQoL. This is also consistent with 
published studies34,35,44. “A lower education can be viewed as a proxy for lower socio-economic 
status, or it could also represent a poorer ability to comprehend therapeutic recommendations”1 
leading to unfavourable outcomes. Patients without a basic education struggle to get a decent 
form of employment and subsequently lack financial resources required for supporting their 
basic needs and supplementing public health support towards their healthcare. The relationship 
with employment status could also mean that the sickness is making it impossible for patients 
to go to work, or can be a direct result of the high unemployment rate in Zimbabwe. Further 
enquiries into these issues may help to shed more light. Gender, age and marital status were 
also significantly associated with HRQoL. Better QoL observed in male patients may be related 
to the cultural norms and expectations within the Zimbabwean society about the roles and 
responsibilities that are deemed appropriate for men and women. Women are often expected to 
stay at home and look after the children; and often have less control over the nature and timing 
of sexual relationships46. Younger participants may have recently been diagnosed with HIV and 
therefore still struggling to come to terms with the illness, leading to poor HIV mastery, more 
health and disclosure worries. This may make it difficult for them to openly discuss issues to 
do with the disease as well enter and sustain sexual relationships. The availability of a reliable 
support structure (partner) may be the reason behind the favourable HRQoL scores in married 
participants.

The health status of participants as assessed by CD4 cell counts and WHO clinical stages was not 
significantly associated with HRQoL. Similar assessments of the association between CD4 cell 
counts and HRQoL in Africa reported weak6, and significant correlations35,47,48. The sample size 
in our study was relatively small resulting in small sample sizes per subgroup. This, compounded 
with about 30% missing data in both the CD4 count and WHO stage variables, may have 
limited the power for detecting differences across the various clinical levels.
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The current study draws major strength from the use of both generic and HIV-targeted instru-
ments, allowing for a comprehensive assessment of HRQoL. The Shona versions of the HAT-
QoL and EQ-5D-3L instruments were culturally adopted and validated for the Zimbabwean 
population, making their use in this study appropriate. Furthermore, the availability of value 
sets for Zimbabwe allowed the derivation of the EQ-5D-3L index values weighted by tariffs from 
the same population.

This study has several potential limitations that are important to consider for future research. 
Participants were conveniently selected from a single, urban facility, thus limiting the represen-
tativeness of the sample and subsequently the generalizability of findings. The extrapolation of 
findings to other settings therefore requires caution, especially considering that HRQoL is sensi-
tive to socio-cultural factors. The sample size was relatively small and this may have limited the 
power for detecting any differences across subgroups. This was further compounded by the fact 
that a significant proportion (26.6%) of the patients approached declined to participate in the 
study. The actual reasons for the refusal remain unknown, yet they may be key to understanding 
outcomes of ART. The observed high HRQoL might be a result of survivorship bias, where 
only patients with high QoL, who regularly come to the health care facility for their follow-up 
visits and ARV pick-ups, were included in the study. Patients with low HRQoL might have 
declined participation, stayed at home, became lost-to-follow up or died due to HIV/AIDS 
related causes. The cross-sectional design of the study did not allow for assessment of HRQoL 
over time. Following up the participants over at least a year would have provided valuable data of 
the relationship of the change in clinical biomarkers and changes in HRQoL scores. In addition, 
causality could not be inferred between any of the independent variables described and HRQoL 
due to the cross-sectional design of the study.

CoNClusIoNs

The level of HRQoL observed in this study was generally high. Income, education, and em-
ployment were positively and significantly associated with HRQoL. Interventions that improve 
the socio-economic situation in the country will enhance the QoL of HIV-infected patients 
receiving ART.
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aBsTraCT

objectives: To estimate the average outpatient cost of providing adult antiretroviral therapy 
(ART) during the first year following therapy initiation.

Methods: Medical records for a convenient sample of 120 patients were reviewed 1 year after 
ART initiation. Data on all the resources (variable and fixed) used and patient outcomes at the 
end of the first 12 months were collected. The total cost of outpatient care and treatment for 
each patient, per outcome category, was estimated from the provider’s perspective in 2013 US 
dollars.

results: The proportion of patients remaining in care at 12 months was 93.3%. The average 
duration spent in care for the cohort was 11.5 (range; 3 – 12) months. The average cost per 
patient initiated on ART was $268 (SD=79). Drug costs (ARVs and non-ARVs), accounted 
for the largest share of the total costs (45.5%) followed by laboratory investigations (32.0%). 
The average cost per patient remaining in care at 12 months was $276 (SD=75). The average 
cost to produce a patient in care for this cohort was $287. The average cost per patient in care 
represented 31.7% of the country’s GDP per capita for 2013.

Conclusions: This study demonstrated the practicality of implementing a previously developed 
methodology to estimate the costs of providing care to HIV/AIDS patients in Zimbabwe. The 
cost of treatment and care was relatively low compared to other countries; however, it is substan-
tially high relative to the country’s GDP per capita.
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INTroduCTIoN

More than three decades after the first case, the human immunodeficiency virus (HIV) remains 
a major public health problem in Zimbabwe. With an adult prevalence rate of 15.0%, Zimba-
bwe is one of the five countries in sub-Saharan Africa hardest hit by HIV and AIDS globally1. 
According to the UNAIDS Global Report, an estimated 1.4 million people were living with 
HIV in 2013 while approximately 39, 000 HIV/AIDS related deaths occurred annually2. At the 
end of 2014, a total of 787, 980 people were receiving antiretroviral therapy (ART) while an 
estimated 1, 200, 000 people were eligible and in need of ART in Zimbabwe3. The introduction 
of highly active antiretroviral therapy (HAART), which combines antiretroviral drugs (ARVs), 
has significantly reduced morbidity and mortality rates among human immunodeficiency virus 
(HIV) patients. However, the prolonged life expectancy has subsequently increased the treat-
ment costs4,5.

Although there is a general agreement on the considerable share of costs due to care for HIV/
AIDS patients, there is a general paucity of evidence on the major cost drivers for outpatient 
treatment and care of individuals living with HIV/AIDS. These costs may include but are not 
limited to the cost of antiretroviral medications, laboratory tests, non-ART medications, medical 
staff providing care and fixed costs at the site. Costs associated with hospitalization for HIV/
AIDS patients are generally thought to have decreased substantially following the introduction 
of ART, however survival of patients, the proportion of patients on ART, the medications (both 
ART and non-ART) costs, the cost of associated illnesses and the cost of laboratory monitoring, 
is thought to have increased dramatically5. In 2013, the Government of Zimbabwe, through 
the Ministry of Health and Child Care, adopted the 2013 WHO ART guidelines that were 
projected to increase the number of people eligible and in need of ART by about 53%, to 1.1 
million. This had a great potential of escalating the overall cost of HIV/AIDS care globally. 
Therefore, the documentation of the cost of delivering ART therapy is needed especially under 
the backdrop of the persistent global economic crisis. An understanding of full economic costs 
and structure of costs of delivering HIV/AIDS care will assist program managers, policy makers 
and funding agencies to allocate resources more efficiently and subsequently ensuring long-term 
sustainability of ART treatment programmes.

There are several studies that have evaluated the costs and outcomes of ART in Africa6-18. How-
ever, these studies have reported varying average costs per patient treated, possibly reflecting 
differences in programme setups, funding mechanisms and general geographical settings. It is 
therefore imperative to estimate the costs and cost structures for Zimbabwe as these may be 
different from the reported results. A cost analysis of ART provision in Zimbabwe may offer 
useful insights into the functioning of available treatment programmes, and provide a basis for 
policy analysis, debates and decision making. Specifically, cost analysis may create a basis for 
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economic evaluations through identification of inputs, their valuations and exploring how they 
relate to the outcomes. It also provides an overview of the cost profile of different components of 
an intervention, and the total amount of resources needed to sustain or expand a programme. In 
this study we make use of a costing methodology previously described19 to estimate the average 
cost of providing HIV/AIDS care per patient initiated on ART, and the average cost per patient 
retained in care 12 months after treatment initiation in Zimbabwe.

MeThods

Study setting
This study was carried out at the Parirenyatwa Hospital Family Care Centre (PHFCC), one of 
the largest HIV treatment and care centres in Zimbabwe, providing a family-focused approach 
to HIV treatment and care. The clinic provides outpatient HIV treatment and care services to 
approximately 4500 patients, 500 of whom are children. Approximately 2500 – 3000 patient 
visits are processed every month. The 2010 Guidelines for Antiretroviral Therapy were in ef-
fect during the study period20. Under these guidelines, ART was to be initiated to all patients 
presenting with WHO stages 3 and 4 of HIV disease regardless of the CD4 count. In cases 
where CD4 count was available ART was to be initiated in all adults and adolescents, including 
pregnant women, with CD4 cell counts of less than 350 cells/mm3. The same guidelines also 
recommended tenofovir/lamivudine/nevirapine as the preferred first line regimen for adults, 
adolescents and older children, with zidovudine/lamivudine/nevirapine as the alternative first 
line regimen. The stavudine based regimens, recommended in the preceding guidelines, were 
being gradually phased out.

Study sample
A convenience sample of the first 120 adults initiated on ART beginning 1 January 2012 was 
included in the study. Patients were included if they were at least 18 years of age, not transferred 
formally to another treatment site during the 12 months following treatment initiation, not 
pregnant, and if their patient files were available for review.

Study design
A retrospective, cohort-based, micro-costing approach used in other studies conducted in the 
sub-Saharan African region9,18,19, was followed. The total cost of outpatient care and treatment 
for each patient was estimated from the provider’s perspective in 2013 US dollars, over the 12 
months after ART initiation. This basically involved identification of all the resources (fixed 
and variable) used in the first year of treatment and patient outcomes at the end of the first 
12 months following ART initiation. The primary outcome was the average cost per patient 
retained in care 12 months after initiating therapy.
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Data collection

Resource utilization and outcomes
Patient medical records were reviewed to determine the type and quantities of all the outpatient 
resources utilized by each patient in the 12 months following ART initiation. Resource types 
included ARV medications, non-ARV medications, laboratory tests, and outpatient clinic visits 
(including specific professionals seen, e.g., doctor, nurse, pharmacist, counselor). Information 
on each patient’s condition during the 12 months after initiating ART was also extracted from 
the medical records. Using a modified version of the original methodology18, as previously ap-
plied, we assigned patients an outcome of “in care”, and “no longer in care”, based on their visit 
status at the end of the 12 months following ART initiation.

Cost data
The total cost of care for each patient is the sum of fixed costs and variable costs, where variable 
costs are defined as the quantity of each type of resource utilized for each patient multiplied by 
its unit cost. Costs of medications (ARVs and non-ARVs) and laboratory tests were obtained 
from the hospital. The unit cost per patient interaction with medical staff during a clinic visit 
was estimated by dividing the salaries and benefits paid for each category of staff by the estimated 
number of patient interactions per month completed by each level18.

Fixed costs were defined as costs that were incurred by the site, but were not directly attributable 
to individual patients. Fixed costs included the cost of staff not directly providing patient care 
(cleaners, security, clerks, and accountants), building, utilities, equipment and general office 
supplies. Building and equipment costs were annualized based on expected service lives, at a 4% 
real discount rate.

The total fixed costs per year were divided by the total number of patients enrolled in ART care 
in order to allocate fixed costs per patient-month in care; an approach used in previous stud-
ies9,18. Each patient in the study was then allocated a fixed cost equal to that patient’s number of 
months in care times the average cost per patient month in care.

Estimates of Average Cost per Outcome
The average cost per outcome was defined as the average cost incurred in the first 12 months 
after ART ini tiation for a patient with the specified outcome. The average cost per patient 
initiated on ART was calculated by dividing the total cost for all patients in the sample by the 
number of patients in the sample. The average cost per patient retained in care was calculated 
by dividing all costs for all the patients in the sample by the number of patients retained in care 
after 12 months.
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Sensitivity Analyses
In order to explore the effect of uncertainty across the model parameters, a probabilistic sensitiv-
ity analysis (Monte Carlo simulation) was conducted. The influence of parameter uncertainty 
on the output was assessed by representing input parameters with probability distributions 
as implemented in @Risk (Palisade Software, Newfield, NY, USA). The provision of ART in 
Zimbabwe is funded by the government and various development partners. The unit costs for 
antiretroviral medications will vary depending on the funding organisation and the procurement 
arrangements. The drug unit costs obtained from the hospital were used in the base case analysis, 
while the ranges of unit costs obtained from different sources (e.g. from the National Phar-
maceutical Company (NatPharm), and the negotiated prices under the Clinton Health Access 
Initiative) were represented with probability distributions from which each input parameter was 
randomly sampled several times (10,000) to generate confidence intervals around the average 
cost estimates. The National Pharmaceutical Company (NatPharm) is responsible for procuring 
and distributing medicines for public health care programmes in Zimbabwe. We also repre-
sented unit costs for laboratory investigations with probability distributions using ranges of costs 
obtained from the hospital as well as surrounding private laboratories. The unit costs obtained 
from the hospital were used in the base case analysis whilst the minimum and maximum unit 
costs obtained from other sources described above were used to create parameter distributions in 
the probabilistic sensitivity analysis.

Ethical approval
Permission to conduct the study at the Parirenyatwa Hospital Family Care Centre was obtained 
from the hospital management. Ethical clearance was granted by the Joint Research Ethics Com-
mittee of the Parirenyatwa Group of Hospitals and University of Zimbabwe (JREC 333/13).

resulTs

A total of 120 patients composed the study cohort retrospectively followed over a 12 months’ 
period. The mean age of the cohort was 40±10 (range: 19 – 68) years and the gender distribution 
was even (52.5% were females). More than half of the patients (n=63; 52.5%) were initiated 
on tenofovir-based regimens whilst the rest (n=57; 47.5%) were initiated on stavudine-based 
regimens. Out of those who were initiated therapy on a stavudine-based regimen, 12 (21.1%) 
switched to tenofovir-based regimens. At the end of the 12 months, 112 patients were still in 
care, giving an overall annual retention in care of 93.3%. The average duration months spent in 
care for the cohort was 11.5±1.8 (range: 3 – 12). The cohort characteristics and outcomes are 
shown in Table 1.
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Table 1 | The characteristics and outcomes of the study sample
Variable n (%)
gender, n (%)
Male
Female

57 (47.5)
63 (52.5)

age/years
Mean (SD)
Median (Range)

40 (10)
39 (19 – 68)

Patient outcomes at 12 months, n (%)
In care and responding
No longer in care

112 (93.3)
8 (6.7)

Patient months in care
Mean (SD)
Median (Range)

11.5 (1.8)
12 (3 – 12)

Baseline arT regimens, n (%)
D4T/3TC/NVP
TDF/3TC/EFV
TDF/3TC/NVP

45 (37.5)
39 (32.5)
36 (30.0)

The unit costs for the most commonly used resources and the average number of units used 
per patient are shown in Table 2. The average resource utilization was high for medications, 
ranging from 9.3 months for Stavudine/Lamivudine/Nevirapine (d4T/3TC/NVP) to 11.8 
months for Tenofovir/Lamivudine/Efavirenz (TDF/3TC/EFV). Moderate resource utilization 
for outpatient visits ranged from 1.7 visits for consultation with a counselor to 10.4 visits to the 
pharmacy. Laboratory investigations recorded the lowest resource utilization with averages of 0.5 
tests per patient for viral load and 1.0 test per patient for CD4 cell count.
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Table 2 | The unit costs for the most commonly used resources and the average number of units used 
per patient
Resource Unit §Unit cost (min, max) Distribution Average Number 

of Units Used 
per Patient in 
12-Month Period

Medications
CTX (Cotrimoxazole)
EFV (Efavirenz)
D4T/3TC/NVP (Stalanev)
NVP (Nevirapine)
TDF/3TC (Tenofovir/lamivudine)
TDF/3TC/EFV (Tenofovir/
Lamivudine/Efavirenz)
TDF/3TC/NVP (Tenofovir/
Lamivudine/Nevirapine)

Month
Month
Month
Month
Month

Month

Month

$0.51 (0.41,1.22)
$5.75 (4.62,6.90)
$5.45 (4.36, 7.26)
$3.06 (2.45,4.09)
$8.90 (6.38, 10.68)

$12.56 (10.05, 14.63)

$9.44 (7.55, 11.52)

Triangular
Triangular
Triangular
Triangular
Triangular

Triangular

Triangular

11.5
10.5
9.3
10.2
10.4

11.8

11.7
laboratory Tests
CD4
Viral Load
Urea & electrolytes
FBC
LFT
Uric acid
TB microscopy
Gene expert
PAP smear

Test
Test
Test
Test
Test
Test
Test 
Test 
Test

$25 (20, 50)
$60 (45, 105)
$25 (15, 30)
$25 (20, 30)
$25 (20, 50)
$10 (8, 15)
$20 (10, 24)
$20 (16, 40)
$30 (20, 90)

Triangular
Triangular
Triangular
Triangular
Triangular
Triangular
Triangular
Triangular
Triangular

1.0
0.5
0.5
0.3
0.2
0.1
0.03
0.02
0.01

outpatient visits
Doctor consultation
Nurse consultation
Counsellor consultation
Pharmacy medication pick up

Visit
Visit
Visit
Visit

$1.00
$1.00
$2.00
$0.12

–
–
–
–

6.3
6.3
1.7
10.4

fixed Costs Month $4.00 11.5
§Unit costs were obtained from the hospital and the ranges of costs were derived from the minimum and maximum 
unit costs obtained from other sources (National Pharmaceutical Company, Clinton Health Access Initiative and 
private laboratories).

The average outpatient cost per patient initiated on ART was $268 (SD=79). Drug costs, captur-
ing the costs of ARVs and non-ARVs (e.g. cotrimoxazole), accounted for the largest share of the 
total costs (45.5%) followed by laboratory investigations (32.0%). Fixed costs accounted for 
16.8% of the total costs whilst outpatient visits contributed 5.7%.

The average cost per patient for the subset of patients remaining in care at 12 months was 
$276 (SD=75). The distribution of costs across outcome categories for the subset of patients 
remaining in care was similar to that for average costs for all patients initiated on ART. The 
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average cost per patient for the subset of patients no longer in care at the end of the 12 months 
was $162 (SD=66), with a much larger contribution from laboratory investigations (49.0%). 
The average cost per patient in care for this cohort was $287. The distribution of costs across 
outcome categories for all the subsets of patients in the cohort is shown in Table 3.

Table 3 | The distribution of costs across outcome categories for the patients in the cohort
Cost category

Outcome at 12 
months

Drugs – ARVs & 
CTX

Lab 
Investigations

Outpatient Visits Fixed Costs Total Costs

Retained in care $127 (40) $82 (69) $16 (2) $47 (0) $276 (75)
No longer in care$ 52 (26) $79 (58) $10 (1) $20 (5) $162 (66)
all patients $122 (43) $86 (68) $15 (3) $45 (7) $268 (79)

Figure 1 shows parameters (unit costs) that had the biggest impact on the average costs for drugs 
and laboratory investigations. Varying the unit cost for TDF/3TC had the biggest impact on 
the average cost for drugs (5.9%), whilst varying the unit costs for viral load (16.2%) and CD4 
cell counts (14.3%) had the biggest impact on the average cost for laboratory investigations. 
However, none of the other unit costs for lab tests included in the model individually altered the 
average cost laboratory investigations by more than 5%. The parameters (drug and laboratory 
unit costs) that had the biggest impact on the average cost for the subset of patients remaining in 
care are shown on Figure 2. Viral load (4.6%) and CD4 cell count (4.4%) had the biggest impact 
on the average cost. However, none of the input parameters included in the model individually 
altered the average cost per patient remaining in care by more than 5%, hence the model was 
considered robust.

Figure 1 | Sensitivity analysis spider plots showing the most influential parameters (unit costs) on the 
average costs for drugs and laboratory investigations
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Figure 2 | Tornado diagram showing the most influential parameters (drug and laboratory unit costs) 
on the average cost for the subset of patients remaining in care

dIsCussIoN

A methodology previously described and used in other studies9,18,19 was successfully applied to 
estimate the average cost of treating outpatients on ART in Zimbabwe. Following this approach 
helps to standardize costing methodology and allows for comparisons of estimates across stud-
ies and countries. This study makes an important contribution to the availability of cost data 
which can be useful in budgetary planning, resource allocation decisions and cost-effectiveness 
analyses. It further demonstrates the possibility of transferring the methodology and applying it 
in different countries and settings.

Retention in care in this cohort was comparable to previous studies conducted in Zimbabwe 
and the sub-Saharan African region. Retention rates at 12 months following ART initiation in 
previous studies ranged from 78.1 – 84% in Zimbabwe21,22; 82 – 84% in Kenya18, 52 – 96.2% 
in Tanzania, Uganda and Zambia23. An earlier meta-analysis of published cohort data from 15 
countries in sub-Saharan Africa had estimated retention rates of ART patients at 12 months to 
be 80.2% (95% CI: 78.0%–82.4%)24. The differences between these studies may be due to the 
different time horizons during which data was collected, with patients from more recent studies 
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benefiting from improved ART programs hence better retention rates. Guidelines for ART in 
Zimbabwe changed in 201020 following the publication of the revised WHO ART guidelines25 
which advocated for early treatment initiation and use of more ‘patient-friendly’ ARV regimens. 
This may have contributed to better patient care and subsequently outcomes hence the much 
more improved retention rate.

The average cost per patient for the subset of patients remaining in care at 12 months in this 
cohort ($276) and the average cost to produce a patient retained in care ($287) were comparable 
to recently published estimates from three rural outpatient clinics in Kenya18 and findings from 
Nigeria6. However, these estimates were substantially lower than estimates from South Africa 
where the average cost per patient remaining in care and responding was $1109 and the average 
cost for a patient retained in care and responding was $14389. Although our study replicated the 
methodology used in these two studies, differences in cost estimates are inevitable due to differ-
ences in facility characteristics as well as national factors. Country and time periods may result 
in differences in the unit costs of resources used in the different ART programmes. Prices of 
ARVs have significantly dropped over the years26-28 possibly resulting from negotiations with, or 
competition amongst suppliers; hence the low estimates in our study and two other more recent 
studies6,18 compared to the 2008 findings9. More so, in a distressed economy like Zimbabwe’s, 
salary scales for the public sector are substantially lower compared to other countries in the 
region or the private sector, hence the low unit and average costs for outpatient visits in our 
study. We therefore would expect differences in the average costs between public and private 
clinics providing ART in Zimbabwe.

Utilization of resources was lower in Zimbabwe, particularly laboratory tests where averages of 
0.2, 0.5 and 1.0 tests per patient were recorded for Liver Function Tests (LFTs), viral load and 
CD4 cell count, respectively. This was in contrast to the study from South Africa where high 
utilization rates of 3.3, 2.8, and 4.0 tests per patient were reported for viral load, LFTs and CD4 
cell count, respectively9. Such differences in the resource utilization data may reflect on the dif-
ferences in implementation of guidelines for monitoring patients on ART and partly explain the 
variation in laboratory test and outpatient visit costs; and subsequently the total average costs.

This study has several potential limitations that are important to consider for future research. 
Firstly, data to derive the cost estimates were collected from a single, urban public facility, using 
a limited sample size, thus limiting the representativeness of the sample and subsequently the 
generalizability of findings. The extrapolation of findings to other settings, even within Zimba-
bwe, therefore requires caution, especially considering that cost estimates are sensitive to facility 
characteristics such as setting, level, sector, professional inputs, unit costs for resources, labora-
tory availability, number of patients and patient characteristics9. A much larger study including 
different facilities will help address this limitation. Secondly, this study adopted the provider’s 
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perspective in estimating the costs of providing ART to HIV/AIDS patients, thus excluding 
other important costs such as inpatient care, costs incurred by the patients as well as other 
programmatic costs incurred outside the facility. Excluding these costs may limit usefulness of 
these estimates at national level as well as in economic evaluations taking a societal perspective. 
CD4 cell counts and viral load assessments are not routinely performed, hence these were largely 
not available for most of the patients included in the sample. Lastly, the retrospective nature of 
the study made it difficult to obtain all the clinical data that would have allowed for classification 
of patients into categories described in literature9,19. Producing patients who would be in care 
and responding to therapy is the ideally most important goal of antiretroviral therapy. Therefore, 
the inability to classify patients retained in care at the end of the 12 months following ART 
initiation into ‘responding’ and ‘non-responding’ is a major limitation.

In conclusion, this study demonstrated the practicality of implementing a previously developed 
methodology to estimate the costs of providing care to HIV/AIDS patients in Zimbabwe, not-
withstanding the potential limitations discussed. This paves way for expanding the approach to 
include a wide range of facilities in order to obtain more representative estimates for the country. 
With the continuous emergence of new evidence, guidelines for antiretroviral therapy will keep 
evolving resulting in more patients being initiated on ART. This, together with the coming 
in of new medications will warrant periodic costing analysis in order to obtain more reliable 
cost estimates that will facilitate budgeting, efficient resource allocation and performance of 
economic evaluations of healthcare interventions.
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aBsTraCT

Background: There is lack of published data on the costs of blood and blood transfusion in 
Sub-Saharan Africa. This study aimed to assess the unit costs of producing blood in Zimbabwe 
using activity-based costing (ABC) method.

study design and methods: A management accounting approach, based on the ABC, was used 
to develop a cost model for blood. The production of blood was broken down into recruitment, 
collection, testing, processing and storage plus distribution. Data for the year 2013 were col-
lected retrospectively from budgets, financial and expenditure reports, databases, interviews with 
transfusion personnel and managers. All direct and indirect costs, in 2013 US$, were allocated, 
accordingly, to the activities of blood acquisition.

results: The total cost of producing safe blood in Zimbabwe for the year 2013 was US$ 8.6 
million. Variable costs accounted for 51.2% of the total cost of production. The unit produc-
tion costs for red blood cells (RBCs) were US$15.94 for recruitment, US$34.62 for collection, 
US$17.88 for testing, US$11.49 for processing, and US$3.06 for storage plus distribution. The 
overall cost of production of one unit of whole blood was US$118.42 and red blood cells was 
US$130.94 constituting 12.4 and 13.7% of the country’s annual GDP per capita.

Conclusions: The high unit cost of producing blood relative to the annual GDP per capita 
demonstrates that acquiring safe blood is a burden on the health care sector in Zimbabwe. 
Introducing additional safety measures, such as nucleic acid amplification testing and pathogen 
reduction technology, although desirable, will further increase this burden.
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INTroduCTIoN

Blood transfusion is often a lifesaving medical intervention, which is required for many different 
medical conditions and surgical procedures. In resource-limited countries, blood transfusion is 
mainly required for complications of pregnancy, anaemia, infectious diseases, and gastrointesti-
nal diseases1,2. Costs relating to the provision of a safe, adequate and accessible blood and blood 
components supply, for clinical use in transfusions, are increasing at a time when healthcare 
budgets are constrained3. This is particularly remarkable in resource-limited settings where most 
healthcare spending is foreign-funded. This has necessitated the periodic reassessment of the 
fees for the provision of blood, to meet costs in procuring equipment, reagents and paying for 
utilities to meet essential production costs4.

Costing blood and blood components is a complex issue as different products have different 
cost implications. Generally, cost estimations are based on the largest volumes of product that is 
prepared, that is, the red blood cells (RBCs) or whole blood. The complex nature of the processes 
and activities existing within a blood service make it more difficult to identify and quantify costs, 
subsequently resulting in underestimation5,6. The blood service includes various components 
such as donor education, donor screening, donor selection, donor deferral, blood collection, 
screening for transfusion-transmissible infections (TTIs), blood typing and cross-matching, 
blood component processing, storage, and distribution.

Many factors have been identified and described as drivers in the continuous increase in the 
production costs of blood and blood components. The introduction of advanced technologies 
to ensure safety from new and emerging infectious agents together with increased donor recruit-
ment and retention costs, have significantly contributed to the rising costs of ensuring a safe and 
adequate blood supply4,5,7. Other factors involved include the rising costs of labour, stringent 
regulatory demands, implementation of quality management systems and need for compliance 
with internationally recognised standards of ethics and practice4,5,7,8. Meeting internationally 
recognised standards is an expectation of all countries, especially as countries adopt the Resolu-
tions agreed at the annual World Health Assembly Meetings, of the World Health Organisation 
(WHO). These requirements are subject to periodical increases in operational, administration 
and overhead expenses, resulting in a rise in the service fees for blood.

The production of blood and its components; and the cost of administering a blood transfusion 
at the bedside have been evaluated in several studies in developed countries3,5,7,9-17. However, the 
findings of these studies and resulting cost estimations are not readily transferable to countries 
in Sub-Sahara Africa (SSA) for a number of reasons. In the first place, almost all developed 
countries collect blood from voluntary non-remunerated blood donors (VNRBDs), while many 
countries in SSA continue to rely on direct family donors or family replacement donors, the 
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latter often is a ‘hidden’ paid donor system. Second, the preparation of blood components is 
commonly practiced in developed countries, whereas blood in SSA, is generally transfused as 
whole blood. Third, screening of donated blood in developed countries includes state of the art 
nucleic acid amplification testing (NAT), which is more sensitive and specific, and costlier, but 
is a requirement by the national regulatory authorities in developed countries. Furthermore, 
routine inline leukofiltration, which is not practiced in SSA countries during transfusion, is an 
additional expense in the developed countries. Implementation of different technologies may 
result in differences in calculating the production cost of a unit of blood. The cost drivers may 
be lower in resource-limited countries due to lower labour and infrastructure costs; however, the 
costs of obtaining equipment, devices and reagents are higher.

Published studies have used different methods for accounting the costs of blood transfusion, 
which, in some cases may lead to an underestimation of the true costs for the production of 
blood and blood components18. The use of an activity-based costing (ABC) model was consid-
ered a better approach for estimating the cost of blood18. There is a limited number of published 
data on the costs and cost drivers for the provision of blood in Sub-Saharan Africa. The aim of 
this study was to assess the unit costs and cost drivers for the production of blood and blood 
components at the National Blood Service Zimbabwe (NBSZ), using an ABC model.

MaTerIals aNd MeThods

Study setting
The study was carried out at the NBSZ, which has the sole mandate for providing an adequate, 
accessible and safe blood to all hospitals in the private and public sectors in Zimbabwe. NBSZ is 
a registered non-profit organization, with a headquarters in Harare and four centres nationwide. 
In the years 2012 and 2013, NBSZ collected an annual mean of 74,600 units of blood from 
VNRBDs. NBSZ has centralized screening for TTIs, for every donated unit of blood, including 
Human Immunodeficiency Virus, hepatitis B virus, hepatitis C virus and syphilis. Every unit 
is blood grouped and rhesus typed. NBSZ has dedicated computer-based software, e-Delphyn, 
for active donor data and product management capture in every centre. All blood is collected 
from screened VNRBDs following internationally recognised guidelines for donor suitability 
and complying with the Code of Ethics of the International Blood Transfusion Society (ISBT)19. 
The blood service in Zimbabwe collects the relatively small volumes of blood at its five sites. In 
addition, more than 80% of the blood units are collected in many different mobile sites.

Study design
A management accounting approach, based on the ABC method18, was used to develop the 
costing model, from the provider’s perspective. A 9-step process flow model was adopted, as 
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recommended in the Cost of Blood Consensus Conference report18, which aimed at capturing 
both direct and indirect cost elements. The analysis focused on the cost elements associated with 
the blood collection centre and excluded the cost elements which apply to the blood transfusion 
facilities. Direct blood production activities were identified, which included blood donor recruit-
ment, blood collection, donation testing (screening for TTI’s and blood grouping), component 
processing, and storage plus distribution. Indirect costs were categorised as follows: finance 
and administration; coordination; safety, health, environment and quality (SHEQ); planning, 
information and research (PIR); and general overheads. All direct (both fixed and variable) and 
indirect costs in US$, for 2013, were allocated accordingly, to the different activities of the blood 
service. Fixed and variable resources were separately identified, directly allocated to each activity 
and their individual costs were estimated.

The resources, which could not be identified and allocated to a specific activity, were allocated 
using two approaches, from which the indirect costs’ estimations were derived. First, interviews 
were conducted with managers in the respective departments to determine the amount of re-
sources used in support of each of the identified main activities. The ratios provided were used 
to allocate resources to each activity. Second, where feasible, resources were allocated based on 
the floor space occupied by each activity or the number of employees in each activity depending 
on the resource type.

Processing costs were further allocated to the four main blood and components produced at 
NBSZ, namely, whole blood, RBCs, fresh frozen plasma (FFP) and platelets (PLTs). It was 
assumed that whole blood would not incur any processing costs. A unit of blood is defined as 
420 – 520 ml for whole blood, 220 – 320 ml for RBCs, 200 – 300 ml for fresh frozen plasma 
(FFP) and 120 – 250 for platelets (PLTs). The sum of the direct and indirect costs represents 
the total production cost of blood and blood components. Costs are presented as direct fixed, 
direct variable and indirect costs for 2013 in US$. Fixed costs included mainly buildings, utili-
ties, equipment (clinic, laboratory), furniture, vehicles, general, and administrative expenses. 
Variable costs included staff salaries, supplies (laboratory, clinic, kitchen), and donor incentives. 
All capital costs were amortized using a standard formula, taking into account the expected 
remaining life and the estimated discount rate for Zimbabwe during the 2013 calendar year.

Data collection and analysis
Data covering the 2013 calendar year was collected retrospectively from the NBSZ’s budgets, 
planning documents, ledgers, financial and expenditure reports, databases, and interviews with 
blood service personnel and managers. Data on the annual interest and inflation rates were 
obtained from the Reserve Bank of Zimbabwe. Cost data were captured in Microsoft Excel 
costing work sheets (Microsoft Excel, Microsoft Corp., Redmond, WA) adapted from WHO’s 
Costing Blood Transfusion Services20.
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The total economic cost for producing blood and the cost for each of the identified main activi-
ties was categorized into direct fixed, direct variable and indirect costs. The unit production cost 
for each activity was calculated by dividing the annual total cost for the activity by the annual 
total number of units of output (for example number of donors or donations). Summing up the 
activity unit costs resulted in the overall cost of producing a unit of blood.

Sensitivity analyses
Sensitivity analyses were performed to demonstrate the effect of changing the input parameters 
on the activity and total unit costs. The influence of parameter uncertainty on the output was 
assessed by representing input parameters with probability distributions as implemented in @
Risk (Palisade Software, Newfield, NY, USA). The real interest rate (estimate of discount rate) 
was estimated using the Fischer Equation21, by subtracting the inflation rate from the nominal 
interest rate. The discount rate was used to estimate the equivalent annual cost for buildings 
and equipment. The discount rate was varied from 0 – 10% (base model input of 7.7%) in the 
sensitivity analysis, in order to include the rates (3 and 5%) commonly used in literature. NBSZ 
provided the estimated remaining life for buildings (20 years) and equipment (5 years). Most 
economic evaluations use 50 years for buildings. In view of this variance the remaining life was 
varied from 20 – 50 years, in the sensitivity analysis. It was assumed that some of the equipment 
could last up to ten years; therefore, the remaining life in years was varied from 5 – 10 years. The 
final variation used the number of units of blood distributed in 2012 as the minimum and the 
2013 figure as the maximum.

resulTs

A total of 70,834 donations visits (including repeat visits) were screened in 2013 and of these, a 
total of 67,440 visits (95.2%) were accepted for donation. The number of useful units of whole 
blood collected was 67,422 (99.9%). The total number of components of blood prepared from 
these donations was 69,242 and the total number of units distributed was 62,303 (90.0%).

The total unit cost estimates of the activity categories used in the model are shown in Table 1. 
The total unit costs of production were US$118.42 for whole blood, US$130.94 for red blood 
cells, US$199.46 for fresh frozen plasma and US$76.09 for platelets. These constituted 12.4%, 
13.7%, 20.9% and 8.0%, respectively, of the country’s annual GDP per capita (US$953). The 
total cost of producing blood and blood components in 2013 was US$ 8.6 million. Variable 
costs accounted for 51.2% of the total cost of production. The major cost components for the 
overall variable costs were costs for staff salaries (50.8%), laboratory supplies (27.5%) and clinic 
supplies (15.4%). The activity-based costs for the production of blood and blood components 
are shown in Figure 1.
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Figure 1 | Activity-based costs for the production of blood and blood components

The direct unit cost for recruitment was US$ 15.94, representing 13.5% of the total production 
cost for a unit of whole blood. Advertising/public relations (66.9%) and vehicles (24.9%) were 
the major direct fixed costs components, while staff salaries were the only contributors to the 
variable costs for recruitment.

The direct cost of collecting one unit of whole blood was US$ 34.60, contributing 29.3% of 
the total production cost for a unit of whole blood. The major direct fixed costs contributors for 
the collection of whole blood were vehicles (46.1%) and buildings and utilities (27.4%). Staff 
salaries (44.1%) and clinic supplies (41.1%) contributed the most towards the variable costs for 
donation collection.

The direct cost for donation testing per unit was US$ 17.88, representing 15.1% of the total 
cost for producing a unit of whole blood. Donation testing included costs of screening for TTIs 
and blood grouping. Laboratory supplies, mainly reagents for TTI screening and blood grouping 
contributed 75.7% of the direct variable costs. Building and utilities (59.8%) and laboratory 
equipment (28.5%) were the most prominent direct fixed costs in donation testing.
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The costs of processing a unit of blood into components were US$ 9.08 for red blood cells, US$ 
21.95 for fresh frozen plasma and US$ 5.07 for platelets. Building and utilities (59.0%) and 
laboratory equipment (26.8%) were the major direct fixed costs contributors for component 
processing; while staff salaries (59.9%) and laboratory supplies (40.1%) made up most of the 
direct variable costs.

The direct unit cost for storage and distribution was US$ 3.06, representing 2.6% of the total 
production cost for a unit of whole blood. Buildings and utilities (65.1%) and vehicles (17.1%) 
were the major direct fixed cost contributors while staff salaries (76.9%) and laboratory supplies 
(40.1%) made up most of the direct variable costs.

Indirect costs for producing a unit of whole blood were US$13.27 (11.2% of the total unit 
cost) for finance and administration, US$6.21 (5.3%) for coordination, US$3.42 (2.9%) 
for safety, health, environment and quality; US$7.43 (6.3%) for planning and research; and 
US$16.59 (14.0%) for overhead costs. Indirect costs for the other blood components ranged 
from US$13.07 – US$19.87 for finance and administration; US$6.12 – 9.31 for coordina-
tion; US$3.27 – 8.40 for SHEQ; US$7.31 – 11.30 for PIR and finally US$16.06 – 31.71 for 
overhead costs.

Figure 2, Figure 3 and Figure 4 show the most influential parameters on the unit activity costs 
and the total unit cost of blood components obtained in the base case model. Varying the 
number of fresh frozen plasma units produced had the most influence on the unit cost for 
processing (38%) and the total unit cost (20%) for fresh frozen plasma. Varying the number of 
units of blood distributed altered the unit cost for storage and distribution by 8.8%. However, 
none of the other parameters included in the model individually altered the unit activity costs or 
the total unit cost of blood by more than 5%, hence the model was considered robust.
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Figure 2 | Sensitivity analysis tornado diagram demonstrating the most influential parameters on the 
unit costs by activity

Figure 4 | Sensitivity analysis spider diagram demonstrating the most influential parameters on the 
processing and total unit cost of producing FFPs
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Figure 3 | Sensitivity analysis tornado diagram demonstrating the most influential parameters on the 
overall unit cost of producing blood and blood components

dIsCussIoN

An adequate and safe blood supply is integral to the achievement of the health-related Millen-
nium Development Goals (MDGs) aiming to reduce child mortality, improve maternal health, 
combat HIV and develop global partnership for development22. The presence of whole blood 
and its components on the WHO’s essential medicines list underscores the important role blood 
transfusions play in public health23. Access to essential medicines is part of the right to the 
highest attainable standard of health. The overall unit production cost of red blood cells in 
Zimbabwe for 2013 was US$ 130.94 constituting 13.7% of the country’s GDP per capita. 
The relatively high cost of a unit of blood may reflect a relevant burden and significantly affect 
access to blood for transfusion, subsequently hampering efforts towards achievement of MDGs 
and universal health coverage. This is particularly notable for Zimbabwe where at least 90% of 
the population does not have health insurance24 and therefore have to pay out-of-pocket for 
health care services. Consequently, with a high acquisition cost, patients may fail to procure 
blood components and forego transfusions or they may go into debt following the purchase. In 
addition to these costs, blood transfusion is still associated with significant clinical risks. This 
underscores the need for ensuring appropriate use of this life saving health commodity. This can 
be achieved through the implementation of patient blood management practices25,26. There is 
also need for continuous monitoring and evaluation of transfusion practices in the country in 
order to promote cost-effective and cost-saving practices. All these approaches would require 
functional hospital transfusion committees to spearhead the evaluation of blood utilization pat-
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terns, patient outcomes and associated costs. The unit cost for producing FFP, US $199.46, was 
significantly high relative to the other components. This was due to the approach used to appor-
tion joint costs associated with component processing. The number of components produced for 
each component category was used to apportion the joint processing costs. The smaller number 
of units of FFP currently being produced at NBSZ (approx. 6,000 units/year) in comparison 
to red blood cells (52,000 units/year) resulted in the higher unit cost. Increasing the number of 
units produced will result in substantial drop in the unit cost for processing and subsequently 
the overall unit cost for FFP, as demonstrated in Figure 4. The unit cost of producing PLTs was 
lower compared to the other components because they were single donor whole blood derived. 
Pooling the platelets as is normally done to make a single PLT dose for transfusion would result 
in a significant cost increase.

In its report titled the ‘Status of blood safety in the WHO African region: Report of the 2006 
Survey27, WHO noted the wide variation in the cost of producing one unit of whole blood as 
reported by the 30 countries that responded to the Global Database on Blood safety (GDBS) 
questionnaire. When adjusted for 2013 dollars, the reported average cost of producing one unit 
of whole blood was US$ 73 (range; USD $12– 260). Such wide variations maybe attributed to 
the fact that blood services in the region have different funding mechanisms, which subsequently 
translate into different models of transfusion services. Differences in models of collecting blood 
may include the types of donors (VNRBD, family replacement blood donors [often regarded as 
a ‘hidden’ paid system of blood donation] and paid blood donors), testing capacities and cover-
age, and separation of whole blood into components. Some blood services adopted a policy of 
exclusively recruiting voluntary non-remunerated donors and this is known to be associated with 
higher costs of blood when compared to family replacement donors28-32. Countries that have 
implemented component preparation as a routine activity are also likely to have a higher cost of 
production for a unit of blood due to an increase in resource utilization. The coverage for the 
screening of blood for TTIs as well as the technologies implemented may also impact greatly on 
the cost of producing blood. Compared with figures indicated in the WHO report, the unit cost 
of producing blood in Zimbabwe is on the high side. This is congruent with the organizational 
structure and risk mitigation policies adopted by the national blood service. The NBSZ has cen-
tralized activities such as testing and quality management systems, exclusively recruits VNRBDs, 
has a 100% screening coverage for TTIs and distributes most of its blood as components. All 
these structures require a great deal of investment, which subsequently translates into high costs 
of producing blood. Differences in the methodological approaches taken to account for the total 
cost of production of blood may also have played a role in the observed variations. The WHO 
report does not provide information on how countries arrived at the reported figures. Study 
design issues such as the perspective taken, cost types, cost elements and whether costs reported 
are financial or economic are key for any in-depth comparisons. This highlights the need for 
standardized costing methodology in blood services to enable comparability of findings. This 
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is particularly important for countries performing cost recovery systems since underestimating 
such costs would threaten viability and sustainability of the transfusion services. Previous studies 
have reported varied estimates of the unit cost of producing blood in SSA. When adjusted for 
2013 dollars, the reported estimates were US$ 4233 and US$ 11434 in Malawi, US$ 170 in Na-
mibia35, US$ 125 in Tanzania36 and US$ 238 in Uganda37. However, comparing these estimates 
with each other or with the one in the present study requires caution. The cost perspectives in 
these studies were different and could, in part, explain the variations in the cost of producing 
a unit of blood. The two studies from Malawi were performed in hospital-based transfusion 
services hence the relatively low costs. The study from Tanzania was performed in a hospital 
running a semi-autonomous blood transfusion service hence much higher costs than studies 
from Malawi were recorded. In Uganda, where the highest cost was reported, data were collected 
from a centralized blood transfusion service. These fundamental differences highlight the need 
for generation of more current cost data on the production of blood for transfusion in SSA.

Several studies in developed countries have estimated and published substantially higher unit 
costs of producing a unit of blood than our estimate3,7,9-11,13,15. This is quite expected due to the 
organizational and operational differences that exist between blood transfusion services. Most 
blood transfusion services in developed countries are well developed and have implemented 
advanced technologies, for example NAT and pathogen reduction technologies, to improve 
blood safety. Such advanced blood safety measures have not yet been implemented in Zimba-
bwe, hence the much lower estimated unit cost compared to estimates reported in developed 
countries. Most of the studies from the developed countries estimated the costs from a societal 
perspective7,9-11,13, while this analysis took a provider’s perspective, which may in part explain 
the substantial difference in the cost estimates. The absolute cost of producing a unit of blood 
observed in this study is lower compared to published estimates. However, it is substantially 
high relative to the country’s GDP per capita. If the cost for a unit of blood in the USA, the 
Netherlands and South Africa were to be 13.7% of the GDP per capita, this would translate 
into absolute costs per unit of US$ 7258, US$ 6959 and US$ 943, respectively. However, the 
absolute cost in our study would represent 0.2%, 0.3% and 1.9% of the GDP per capita for the 
USA, the Netherlands and South Africa, respectively. This demonstrates the potential weakness 
in using the GDP per capita as a reference point for determining affordability. In a failing 
economy like Zimbabwe’s, the GDP per capita is hugely suppressed yet the blood transfusion 
service still has to rely on imports for most of its equipment and supplies. This results in high 
costs of production relative to the GDP per capita. Further studies aimed at predicting the 
impact of the acquisition cost of blood and blood components on the country’s medical system 
may be warranted. These would assess the impact of these costs on the utilization patterns and 
patient outcomes.
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The NBSZ is considering the introduction of NAT in order to enhance the safety of the blood 
supply. The implementation of NAT will without doubt translate into an increase in the cost 
of producing blood because it requires dedicated infrastructure, equipment, consumables and 
technical expertise. The use of excess plasma for fractionation into plasma derivatives may help 
offset some of the costs associated with the introduction of NAT. However, the true benefits of 
introducing NAT can only be demonstrated through an economic evaluation or a budget impact 
analysis.

This study adopted the provider’s perspective in estimating the unit cost of producing blood in 
Zimbabwe. The societal perspective would have resulted in higher costs than those we estimated, 
because it would include the costs incurred by the blood donors as they present for blood dona-
tion and the opportunity costs of time spend making a donation.

The current study further confirms that providing safe and adequate blood for transfusion is an 
expensive undertaking. The unit cost of producing blood is likely to increase with the introduc-
tion of additional safety measures such as NAT and pathogen reduction technologies. Estimating 
the ‘true’ cost of producing blood is an enormous task that requires careful consideration of all 
the activities involved in this complex process. Our estimate may help in raising awareness on 
the significant costs of producing blood and subsequently encourage all stakeholders to think 
critically about the appropriate clinical use of blood and blood components.
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aBsTraCT

Background: The aim of this study was to assess the cost-effectiveness of introducing individual-
donation nucleic acid testing (ID-NAT), in addition to serologic tests, compared with the ex-
clusive use of serologic tests for the identification of hepatitis B virus (HBV), hepatitis C virus 
(HCV), and human immunodeficiency virus (HIV) I and II 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 estimated, from a health-
care 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 additional 25, 6 and 9 HBV, HCV and HIV transfusion transmitted infec-
tions (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 is estimated at US$17,780/QALY, a value far more than three times the gross national 
income per capita for Zimbabwe.

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.
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INTroduCTIoN

Screening of donated blood for transfusion-transmissible infections (TTIs), using sensitive 
assays, minimizes the risks of transfusion-transmitted infections and ensures an optimally 
safe blood supply. Despite the implementation of contemporary 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 trans-
mitted infections.

NAT of donated blood is widely recognized as an essential activity required for improving the 
safety of the blood supply. However, NAT has been associated with a small reduction in the 
residual risk at high costs, resulting in unfavourable cost-effectiveness ratios in most developed 
countries where economic evaluations were performed1-4. 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 
recipients5. In developed countries, the incidence of TTIs is relatively low6-9, active deferral and 
follow-up mechanisms are in place, with a higher proportion of the transfusion recipients being 
older10-12. 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 younger13-16. These findings subsequently enhance 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 immuno-
deficiency 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 Zimbabwe the residual risks for transfusion-transmitted viral infections are estimated 
at 1 in 1,978 donations for HBV, 1 in 9,588 donations for HCV and 1 in 6,542 donations 
for HIV17. 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. Additionally, the 
cost-effectiveness of the current routine antibody/antigen screening, compared to a hypothetical 
strategy of no screening of blood donations in Zimbabwe, was analysed.
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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 (antibody/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 con-
sidered, 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 suit-
able 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 incorporating 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 HBV4,18-20, HCV1,20,21 and HIV1,5,20 infection. 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 embedded 
in the infected blood transfusion recipients. The square reflects the decision. Circles (chance nodes) 
represent viral transmission risks.
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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 calendar year. The average number of transfused blood 
components produced per donation was estimated from this 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 Immunoassay 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
2. HBsAg, HCV-Ab, and HIV I & II - Ab+Ag/p24 (HIV combo)
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 model17,22,23. 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 Zimbabwe, an infection-specific incidence was estimated using prevalence in first time donors 
and the duration of WHO HIV stages 1 and 2, as previously described4. The window periods of 
each screening strategy were obtained from literature24.

Screening costs
Serological screening costs were estimated based on data obtained from NBSZ’s departments of 
Finance and Laboratory. These included costs for reagents, equipment, labour and utilities. NAT 
screening test costs were obtained from the NBSZ Finance Department provided by selected 
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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 labour costs estimated based on the 
recruitment of three laboratory scientists, laboratory 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 machine and costs for additional testing (technical failures, repeat testing 
of reactives, discriminatory testing of all reactives to identify the positive marker) were estimated 
based on experiences from a neighbouring 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, 201213. In the base case, the costs and outcomes of transfusion-acquired 
diseases were modelled for the mean age (35 years) reported in the previous study13. This is con-
sidered necessary as the costs and health consequences of transfusion-acquired diseases vary with 
age3,4. 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 reproduction 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 expectancy) and treat-
ment costs for HBV, HCV and HIV infection were obtained from patient studies carried out in 
the Zimbabwe population (not yet published), with missing information being supplemented 
from searches in the literature4. Antiretroviral (ARV) therapy coverage in Zimbabwe was ob-
tained from literature and incorporated into the model29-31.

In order to enable comparisons, the quality-adjusted life year (QALY) was used as a measure of 
overall health. The 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 transfusions32.
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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, which are Cost-Effective (WHO CHOICE)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.

Table 1 | Variable estimates for blood donation and screening
Model variable Probability distribution; 

Parameter (95%CI)
Source

Blood donation
Number of donations per transfusion
Infection incidence rate (per 1X106 
donor years)
HBV
HCV
HIV
Window period of screening strategies (days)
HBsAg
HBV ID-NAT, HBsAg
HCV Ab
HCV ID-NAT, Ab
HIV Ab
HIV combo (Ab, p24)
HIV ID-NAT, Ab
Cost of screening (US$/donation)
HBsAg
HCV Ab
HIV Ab
HIV combo (Ab, p24)
All ID-NAT, Ab

1.14

PERT; 2,890 (1,630; 4,530)
PERT; 580 (170; 1,420)
PERT; 4,600 (2,970; 6,620)

36
21
65
3
19
15
5

Triangular; 3.79 (2.84;4.74)
Triangular; 5.08 (3.81;6.35)
-
Triangular; 4.33 (3.25;5.41)
Triangular; 27 (20.2;33.8)

Estimated, NBSZ

Estimated, NBSZ
Estimated, NBSZ
Estimated, NBSZ

Kleinman et al., 200924

Kleinman et al., 200924

Kleinman et al., 200924

Kleinman et al., 200924

Kleinman et al., 200924

Kleinman et al., 200924

Kleinman et al., 200924

Estimated, NBSZ
Estimated, NBSZ

Estimated, NBSZ
Estimated, NBSZ

CI = confidence interval; PERT = Program Evaluation and Review Technique; Ab = antibody.
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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 evalu-
ated 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 a certain amount to gain a single QALY.

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 

Figure Legends 

Figure 1 

Sensitivity analysis diagram showing variables with the most profound impact 

on the base case ICER.   
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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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year, this would prevent 16, 4 and 6 HBV, HCV and HIV infections per year. 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 incremen-
tal total cost of US$2.3 million per year. The associated incremental cost-effectiveness ratio was 
estimated at US$17,780 per QALY gained. The ICER is more than three times the GNI per capita 
for Zimbabwe. The costs and effects for the strategies are compared and presented in Table 3.
The cost-effectiveness acceptability curve presented on Figure 2 shows the probability that imple-
menting ID-NAT in addition to serological screening would be cost effective as a function of the 
societal willingness-to-pay (WTP) [for a QALY gained] threshold. The use of the current serologi-
cal screening strategy was likely to be cost effective and favourable up to a WTP of US$17,120 per 
QALY gained. The probability of ID-NAT in addition to serological screening being cost-effective 
at the WTP equivalent to the ceiling ratio (US$2,808) was zero. ID-NAT in addition to serological 
screening was considered to be the most favourable approach at a WTP of US$17,138 or greater 
per QALY gained. The probability of ID-NAT in addition to serological screening being cost-
effective will reach 95% if the WTP threshold is raised to US$25,000 per QALY gained.

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 on Figure 3. 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.
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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 serol-
ogy 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 unfavour-
able to adopt ID-NAT in addition to the current serological screening strategies. Similarly, low 
values of the basic reproduction number would make the adoption of ID-NAT less favourable, 
whereas very high values would improve cost effectiveness. The influence of the mean age of the 
blood transfusion recipient is illustrated by the subgroup cost-effectiveness acceptability 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 4 | Cost-effectiveness acceptability curves for multiplex ID-NAT in addition to serological 
screening stratified by age groups (years). cRatio represents three times the per capita GNI (US$2,808) 
for Zimbabwe. QALY – quality adjusted life year.

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) 
when compared to “no testing”. This represents value for money and justifies the implementa-
tion 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 
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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 ben-
efits derived from the introduction of ID-NAT, these benefits come with a significant increase in 
costs, particularly for screening (incremental cost of US$2.3 million per year). The substantial 
budget impact should be carefully considered by NBSZ and policymakers, in particular in rela-
tion to the financial impact and sustainability 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]41, which is already considered expensive and 
unaffordable by the public-sector hospitals. This may result in reduced access to blood transfu-
sions and further challenge meeting the UNDP agreed millennium development goals (MDGs). 
Identification of funding sources and mechanisms, which could ensure long-term sustainability 
is an important step towards 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 what is considered cost-effective by WHO. The 
implementation of this additional screening strategy, cannot, at the present time, be considered 
as cost-effective in Zimbabwe. As previously highlighted, improvements in screening blood do-
nations do not compare favourably with other healthcare interventions in SSA4,5. The base case 
ICER estimated in this study does not compare favourably with most healthcare interventions 
in Zimbabwe42, where most interventions appear to be cost-effective.

ICERs for HIV related interventions ranged from $129/DALY for prevention through access 
to treatment for STIs to $12,473/DALY for providing prophylaxis to prevent opportunistic 
diseases42. A study that evaluated the cost-effectiveness of monitoring of antiretroviral therapy in 
Uganda and Zimbabwe reported an ICER of $7,793 per QALY43. An ICER of $2,113/DALY was 
reported in another study, which assessed the cost-effectiveness of HIV drug resistance testing, 
as a tool for decision making to switch to second line antiretroviral therapy44. ICERs reported 
from other blood safety interventions in Ghana ranged from $608/DALY (cost-effective) for 
combo tests for HIV and HCV compared to the respective antibody tests to $8,306/DALY 
(not cost-effective) for multiplex ID-NAT compared to minipool of 6 NAT4. However, these 
additional screening tests would represent far greater value when compared with improvements 
in screening blood donations in developed countries1,3,4,19,45,46. This is mainly due to the differ-
ences 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 favourable 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 will, in turn, affect the estimated ICER1,4. In contrast to developed 
countries, where most transfusions occur in older patients, most transfusion recipients in SSA 
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are much younger resulting in more health gains from averted infections, making these ad-
ditional interventions more favourable.

Results from the sensitivity analysis demonstrated that the cost of multiplex ID-NAT, incidence 
of HIV in blood donors and the Basic Reproduction Number for HIV had the most profound 
impact on the cost-effectiveness on introducing NAT. The reduction of test costs is the best way 
of obtaining a lower and more favourable ICER. However, even after lowering the test costs by 
35%, the introduction of ID-NAT, in addition to maintaining serological screening remains 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-
tiation of the price of reagents with suppliers and efficient use of the technology may improve 
cost-effectiveness. However, based on the break-even analysis, the cost of ID-NAT should be 
below US$8.60 per test so that the introduction of ID-NAT in addition to serological screening 
can be cost-effective. It may not be feasible in the foreseeable near future to achieve such a low 
cost for multiplex ID-NAT. The break-even analysis revealed such a low cost because the thresh-
old value used, based on per capita GNI, to determine cost-effectiveness is 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 introduction of 
ID-NAT was still not considered cost-effective even after assuming that 1 infected donor would 
result in the secondary transmission of HIV to 5 individuals (ICER=$6,864).

Several limitations in the current model warrant discussion. The test cost for NAT has not 
been accurately estimated, as the technology has not been implemented in Zimbabwe and can 
only be estimated from projected costs derived from several different current 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 Ethiopia40. These costs although relatively high provide an indication 
of costs for Zimbabwe. However, the sensitivity analysis demonstrated 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 injections1. The incidence and prevalence of HIV in Zimbabwe have 
generally been on the decrease over the past few years25-28. This has largely been attributed to the 
various interventions implemented (e.g. condom use and reduction in risk behaviour) which 
subsequently reduce the Basic Reproduction Number towards 1. We therefore used a conser-
vative reproduction number estimate of 1 in the base case analysis. However, a more precise 
estimate would be required for future analyses since this may affect the results of the model 
as demonstrated in the sensitivity analyses. In addition, only window period transmissions are 
considered, disregarding transmissions due to technical or human errors4,5, all of which are po-
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tentially reduced by additional NAT screening. The incorporation of the effects of avoiding these 
additional infections would result in a lower ICER and favourable cost-effectiveness1. 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 as this data is currently not available for Zimbabwe, or even for other 
countries in SSA. It has only been described and published for the developed world, where 
patients transfused are older and have different underlying epidemiology of diseases10,47, which 
limits transferability of any data.

Furthermore, the threshold based on per capita GNI was used in this study despite its limitations 
because of its wide use in resource-limited settings. One such limitation is the potential for the 
GNI to be underestimated in lower-income economies that have more informal, subsistence 
activities48. In addition, the current methods used to estimate GNI do not include remittances 
and foreign aid, despite their contribution to the country’s disposable income49. This can be 
compelling for countries like Zimbabwe largely characterized by a growing informal economy 
with approximately more than 80% of workers employed in the informal sector50,51. 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. The 
cost-effectiveness ratios of blood safety interventions, as in this study, will therefore appear 
unfavourable relative to the low per capita GNI derived threshold ratios. The current analysis 
did not consider minipool NAT as an alternative strategy largely due to 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 a potential to miss samples with low viral 
load52,53. Minipool NAT is also more technically involving with more potential for errors and 
maybe associated with higher operational costs. However, future studies may consider minipool 
testing as an alternative to ID-NAT.

In conclusion, current evidence shows that the serological screening strategies, presently 
implemented in Zimbabwe, are cost effective and yield substantial safety benefits, especially if 
compared to “no testing”. Introducing multiplex ID-NAT, in addition to serological screening, 
has a significant budget impact in spite of the increased benefits. Although the introduction on 
NAT can further improve the safety of the blood supply, current evidence suggests that it is not 
cost-effective. Cost-effectiveness can only be improved by lowering the costs for NAT.
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aBsTraCT

Background: Blood services need to undertake research to improve their strategic goals, op-
erational effectiveness and promote evidence-based policies. NBSZ has a long history of active 
research and undertook a systematic review of its research capacity to guide its new research 
strategy. In the absence of a published approach for research capacity assessment for national 
blood services, a framework to assess research capacity in African universities was used.

Methods: Semi-structured interviews were conducted with 85 NBSZ internal and external 
stakeholders. The interview topics were based on eight areas covered by the framework used to 
assess universities’ research systems. Information was verified through triangulation and recom-
mended actions emerging from the review were validated at a national stakeholder workshop. 
The appropriateness of the framework for use in the setting of blood services was also evaluated.

results: Synthesis of information from the multi-perspective interviews highlighted key areas 
of NBSZ’s research capacity for improvement, in particular better dissemination of NBSZ’s 
research priorities and closer ties with academics and their institutions for preparing research 
proposals and jointly undertaking research projects. With minor adaptations, the framework was 
found to be applicable to NBSZ and no aspects of research capacity were identified which were 
not covered by the framework.

discussion: Our results indicate that it is feasible and useful to apply a structured process to 
review the research capacity of blood services. However, the framework needs to be tested in 
blood services and other non-university setting to assess its usefulness and transferability.
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INTroduCTIoN

Blood services like other health system services need to undertake research to improve the ef-
fectiveness of their operations and to contribute evidence for improving policies, nationally and 
internationally1-4. 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 issues5. The European Union-funded transfusion 
research capacity (T-REC) project (2011-15) was therefore initiated to strengthen research ca-
pacity 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 Zimbabwe6 and has five branches nationally. Since its establishment in 1954 NBSZ 
has committed to continually enhance its research capacity and its profile nationally and interna-
tionally and conducts operational research to improve blood safety and to ensure that its systems 
are kept up to date7-9. NBSZ has used the completion of the T-REC project as an opportunity 
to, for the first time, systematically review the Service’s current research capacity and to engage 
its own staff and external stakeholders in planning the Service’s next steps in strengthening its 
research capacity.

We were unable to identify any published approach for reviewing blood services’ research 
capacity. We therefore adapted an evidence-based framework and process used previously to 
review the research capacity in several African universities10. The purpose of this review was to 
document NBSZ’s research capacity against all areas within the framework, identify strengths 
and make recommendations about addressing weakness. The overall goal was to enable NBSZ 
get consensus from key stakeholders on the priorities for NBSZ to conduct high quality research 
to improve the effectiveness of its operations and which could contribute to international blood 
services research. The paper describes an evidence-based approach for systematically reviewing 
research capacity in a national blood service. It details how the used methods were adapted from 
those used in African universities. The NBSZ was used as a case study to adapt the methods and 
tools, test the approach, and evaluate whether it is feasible and able to produce recommenda-
tions that are useful and practical for the blood service.

MeThods

The main method used to gather data was semi-structured interviews with individual stakehold-
ers. A framework which had been used to review research capacity in African universities was 
used to guide this review of NBSZ’s research capacity10. The topics within the framework were 
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based on a literature search, expert opinion and international standards to ensure it compre-
hensively covered all the academic, administrative and financial support needed to generate 
international quality research1-3. Topics in the semi-structured interviews were matched to the 
interviewee’s area of expertise making sure that all topics were covered during the totality of 
interviews, and that each topic was discussed with at least two different individuals in order to 
verify the information. The few discrepancies that arose were resolved through discussions with 
senior members of the NBSZ Executive Management team. This approach provides a more in-
depth and systematic way of planning and is different from traditional SWOT analysis because it 
assesses existing capacity against a structured framework. This framework is based on published 
literature describing best practice for research institutions.

The 85 stakeholders to be interviewed were identified in advance and comprised NBSZ’s five 
branch research committee representatives, internal staff researchers, medical consultants, 
research fellows, data clerks, and members of the NBSZ Executive Management and external 
representatives of organisations such as universities, and the national regulatory organisation and 
research council. Each interview was conducted individually apart from five group interviews 
(3-11 people), took 30-60 minutes and was conducted by at least two members of the review 
team. Notes were taken by hand and senior level interviews were recorded where consent was 
given. These recordings were used to check accuracy of information and were then deleted.

Information from each interview was mapped under one of eight categories, which comprised: 
research strategies and policies, institutional support services and infrastructure, supporting 
funding applications, project management and control, research careers and promotions, de-
velopment of skills and knowledge for research, external promotion of research, and national 
research uptake (details in supplementary online information). The information under each 
component was amalgamated into a narrative report and recommendations made by interview-
ees 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 recommenda-
tions were appropriate and valuable for NBSZ. This was followed by a consultative workshop, 
which involved senior staff from the NBSZ branches, some of the interviewees and additional 
external stakeholders. The findings of the review were presented, discussed, and validated by the 
participants. Through small group discussions the recommendations were refined to ensure they 
were feasible, and ways of addressing particularly problematic topics were explored in detail.
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resulTs

Reasons for NBSZ to do Research
All those interviewed agreed that NBSZ should undertake research and that the research should 
be focused primarily on improving operations and that it should be shared with the international 
research community. Various reasons for NBSZ to do research were given including to:
– Enhance professionalism at the Service
– Resolve unanswered questions; “understand why they have problems”; “we have problems that 

are unique to us”
– Influence decision making; research “helps management make informed decisions”
– Keep up with change; to continually improve
– Motivate staff
– Advance through evidence generation; “any establishment that does not do research will not 

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

Research capacity themes

1. research strategies and Policies
successes
NBSZ has over three decades’ experience of conducting internal ‘research’ to improve its own 
operations and blood safety using its own internally generated funds but also occasionally with 
support from external donors. NBSZ recognises its leadership responsibilities concerning re-
search 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 prior-
ity research topic documents since they may be influential for national health planning, and 
consequent funding opportunities, and for guiding joint University-NBSZ research projects.



124  |  Chapter 8

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

Challenges
Although NBSZ was recognised by external academics as a “mine of data” only a few academics 
had actively engaged with the Service to use this resource as the basis for joint research projects, 
predominantly facilitated by the T-REC project. Each NBSZ branch has a Research Committee 
but the extent to which the branches are involved in generating and utilising their own research 
is variable.

recommendations
NBSZ should consider how it could better market its ‘research’ resources including by providing 
training courses, a quality assurance service, ‘normal’ population samples and validation of new 
diagnostics and use them to potentially diversify and increase its income. Although established 
in 2006, the NBSZ research committees still require further strengthening so that this could 
help the organisation wide research efforts.

3. supporting funding applications
successes
NBSZ already has experience in writing non-research funding applications and there is a clear 
mechanism in place for approval of research proposals at NBSZ. All proposals have to be signed 
off by the departmental head and are logged within the PIR department. The involvement of 
departmental heads promotes ownership of the research and its findings and also allows negotia-
tion 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 
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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 internation-
ally relevant research activities. There is an opportunity for NBSZ to develop a strategy for 
systematically identifying potential research funding opportunities. There is need to set-up a 
multi-disciplinary team during the development of funding applications. It is critical for NBSZ 
to prioritise training and mentoring of researchers in how to write successful research grant 
applications. This can be strengthened by establishing strategic collaborations with experienced 
researchers, with success in attracting grants, to develop and submit joint-funding applications.

4. Project Management and Control
successes
NBSZ has experience in managing non-research projects and through T-REC, the Service has 
also gained experience of managing research activities and funds in line with European Commis-
sion 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 objec-
tives to address specific research questions, and this requires a different set of skills and expertise, 
from those needed to manage operational Service projects.

recommendations
There is a wide recognition that NBSZ has a strong project management and control capacity, 
which can be extended to research activities. This can be achieved by forming strategic collabora-
tions 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 Nether-
lands with supervisors from both Netherlands and Zimbabwe local university11-13. One of these 
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students is, and will continue to be, employed by NBSZ on completing his doctoral studies and 
to lead research activities across the Service. NBSZ also welcomes external research fellows to 
undertake (unpaid) projects with the Service and the Human Resources Department has policies 
regarding, for example, confidentiality, governing arrangements for these Fellows.

Challenges
Research, other than for its own internal Service improvement purposes, is a secondary function 
of NBSZ. Research is not yet universally included in the job descriptions of senior scientific and 
clinical staff and there is currently no way of recognising individuals’ contributions to research 
through the careers or promotion system. NBSZ does not have any specific requirement for any 
post-holder to have obtained a PhD and there are no immediate plans to establish a specific 
NBSZ research and development unit (similar to Blood Service Research and Development 
units in Europe and North America). Consequently, there is currently no clear role for a PhD 
holder within NBSZ. NBSZ like all service industries has limited capacity to allow some staff to 
be full time researchers in the face of competing needs for research and service demands.

recommendations
Currently the research career path within NBSZ needs further strengthening in view of the 
hosting of current two PhD fellowship under the T-REC project. There are opportunities to ex-
plore 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 standalone continuing professional develop-
ment courses or using them as modules for Masters programmes. External validity and market-
ability may be enhanced if the courses are externally accredited. The NBSZ was encouraged to 
ensure that NBSZ staff are aware of academics’ needs and perceptions relating to incentives so 
that misunderstandings do not jeopardise relationships.

Although no formal arrangements are in place, it was suggested that if finances are available it 
might be possible for NBSZ senior staff to have one day a week devoted to research.



A systematic approach for reviewing research capacity within Zimbabwe’s national blood service  |  127

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

Challenges
NBSZ hosts university undergraduate students doing the four-year Medical Laboratory Science 
Honours degree and through this initiative and T-REC, the Service has created valuable links 
with local academic institutions. This relationship now needs to be translated into concrete 
arrangements for ongoing joint research projects. It would also benefit NBSZ if their training 
courses, including those related to research, could be accredited by an external academic institu-
tion or professional organisation. Many College of Health Sciences staff were unaware of the 
formal arrangements between NBSZ and the University of Zimbabwe or it’s Research Support 
Centre concerning research. It was felt that the links had not been fully utilized and that more 
work was needed to sustain them in the long term.

recommendations
The university academics were amenable to a mutually beneficial arrangement whereby NBSZ 
staff contributed teaching time in the university in return for access to, for example, mentoring 
or training courses. Areas where NBSZ had skills that they could use for university teaching 
included biostatistics and data management. Other suggestions ranged from financial incentives, 
to publications since these were required for academic promotions and hence resulted in salary 
increases. Discussions should be held with the Dean’s office in the universities for provide guid-
ance about the need and type of incentives.
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7. external Promotion of research
successes
Academics who were interviewed recognised that NBSZ was a “phenomenal resource” with strong 
potential for research opportunities. Of particular interest to researchers was the well-docu-
mented 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, American Association of Blood 
Banks) and has published several peer-reviewed articles in prestigious journals over the last three 
decades (see supplementary Table with NBSZ published papers)9,14,15.

Challenges
None of the non-NBSZ interviewees were aware that NBSZ had already defined its research 
priorities. NBSZ’s focus on international research meetings means that efforts to engage in 
national research meetings have been limited.

recommendations
The need for NBSZ to externally promote its research capabilities was regarded as critical but 
is currently limited. NBSZ was urged to develop a ‘research marketing’ strategy to “entice the 
academic fraternity” which should include highlighting its research priorities and promoting the 
research advantages of the wealth of data and material, as well as the quality systems and tests 
available within the Service. NBSZ should also actively contribute, and submit research abstracts, 
to the local research fora and hold annual research days jointly with the universities where both 
senior and junior university staff and students would be invited. The need for NBSZ to identify 
priority research meetings and seminars for NBSZ staff to attend was also emphasised. NBSZ 
was encouraged to explore dissemination opportunities through various strategic institutions.

8. National research uptake
successes
NBSZ is perceived nationally as a very successful private organisation and a valuable strategic 
resource for the country, which uses internally and internationally generated research to improve 
its operations. In order to use research findings internally, the Planning Information and Re-
search 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 
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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 na-
tional visibility partly because it is a private, non-profit organisation and it does not have direct 
communication channels with other non-health government departments. The mechanisms 
by which NBSZ could influence national policies have not been strategically exploited by the 
Service and so they may have missed opportunities to get transfusion-related priority issues onto 
the national agenda. This is important because national funding is linked to these priorities.

recommendations
NBSZ needs to exploit the fact that policy makers are keen to get involved in research discus-
sions by providing opportunities for them to attend relevant meetings. Blood Service regulation 
is a new area for the Medicines Control Authority of Zimbabwe who are keen to work closely 
with NBSZ to design appropriate mechanisms such as standard operating procedures starting 
with a focus on diagnostics for transfusion transmissible infections and then moving on to 
haemovigilance. NBSZ should forge strong links with the regulatory body so they can jointly 
strengthen NBSZ’s research activities.

Overall summary on the review process
In summary, our study has indicated for the first-time that it is feasible using NBSZ as a pilot 
centre to assess the blood services research capacity based on the above eight themes. With minor 
adaptations (streamlining of the review questions), the framework was found to be applicable 
to NBSZ and no aspects of research capacity were identified which were not covered by the 
framework. We noted that NBSZ stakeholders appreciated having an external review to help 
them identify, and prioritise, actions for the short and medium term.

dIsCussIoN

This study describes an innovative process for rapidly and comprehensively assessing the research 
capacity of a national blood service. The use of an overarching framework to guide discussion 
topics, the collection of information from stakeholders with multiple perspectives, the verifica-
tion of findings by more than one source and validation of the findings at a consensus workshop 
all give confidence that the findings are robust. Identification of the strengths that already exist 
within NBSZ against a framework derived from an evidence-based international ‘benchmark’ 
provides reassurance for senior NBSZ managers that they have already embedded many compo-
nents of research infrastructure in the organisation. Challenges that emerged from the review, 
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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 comple-
tion of these action will enable NBSZ to be confident that they have capacity in their human 
and infrastructural resources to generate research that is of international standard and meets the 
needs of NBSZ, and that they have mechanisms for promoting the uptake and utilisation of the 
research within NBSZ, by external decision-makers and by the international transfusion and 
research communities1,2,16,17.

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 require-
ments 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 HIV7-9.

Key strengths within NBSZ, which are relevant for conducting international quality research, 
included experience in non-research funding applications, project management skills and so-
phisticated training programmes with effectiveness monitoring. NBSZ’s policies and strategies 
are similar to those of academic institutions in Africa2,18,19 and in more well-resourced countries 
such as UK, Australia and the Netherlands17,20-23 but are focussed more on improving internal 
operations than on generating research that is relevant internationally. Research that it generated 
by NBSZ to improve its own internal operations is likely to be relevant for other national 
blood services and this review revealed that the Service uses mechanisms such as peer-reviewed 
publications and presentations at international conferences for sharing this information inter-
nationally. There are other research models especially in developed countries, which NBSZ and 
other blood services could also consider. The Canadian Blood Services24, through its Centre for 
Innovation, conducts and supports research in key priority areas. In the United Kingdom the 
Bristol Institute for Transfusion Sciences is a major part of National Health Service Blood and 
Transplant and it brings together research and teaching at International Blood Group Reference 
Laboratories, the Bristol Blood Centre and the University of Bristol25. Similarly in Netherlands 
and Australia the Blood Service have Research and Development teams20,26. 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 
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harmonization of research organisation within blood services so that best practice guidelines can 
be developed and adopted.

The review highlighted several missed opportunities for enhancing research capacity by NBSZ 
and for maximising the impact of its research at national level within Zimbabwe. In particular, 
there were few formal linkages with local academic institutions and with national policy-makers. 
There are several mutual benefits in forging closer ties between national blood services and uni-
versities including, for academics, access to ‘normal’ datasets and samples archived in the blood 
services and using blood service staff as course tutors, and for blood services, opportunities for 
attending research meetings and courses within universities and for jointly applying for research 
grants with academic partners. In the longer term, consolidating academic links and enhanc-
ing 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 set-
tings since they often have to rely on external donors to supplement internal funds27. Published 
examples of collaborations between blood services and local universities within sub-Saharan 
Africa are scarce but a recent initiative in Australia has demonstrated how joint university-blood 
service research into long and short term challenges in blood supply has improved operational 
procedures within the blood service and also contributed to advances in basic science28.

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 pro-
vides a baseline against which to measure progress. NBSZ senior managers have committed to 
addressing the research capacity gaps and responsibility for implementing the recommendations 
and for tracking progress has been given to the PIR Department and is reflected in its work plan.

One limitation of our approach used to review the research capacity with NBSZ is that we 
are not able to measure the impact of implementing the recommendations, and therefore of 
assessing whether this was a useful process for bringing about lasting improvements, for several 
years. However, there is NBSZ commitment to ensure that the longer-term impact of the T-REC 
project and research in general across the Service will be reviewed over the next 1-5 years. The 
review will include peer reviewed publications by T-REC graduates (PhD6,29-33, DPDM34 and 
Bursaries) and all the eight thematic areas to follow progress against stated recommendations 
over time. The systematic, and evidence-based approach we used was based on one used in Afri-
can 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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aPPeNdIx I:

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
B Institutional support services and Infrastructure

B1 The institution has a unit dedicated to research management (Research office)
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Section Criteria for optimal research capacity in Blood Services
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

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
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Section Criteria for optimal research capacity in Blood Services
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 institution provides clear guidance to staff and external sponsors as to which kind of 

projects and contractual terms are acceptable
C19 The institution 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.

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)



138  |  Chapter 8

Section Criteria for optimal research capacity in Blood Services
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 institution 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
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.
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Section Criteria for optimal research capacity in Blood Services
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

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
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Section Criteria for optimal research capacity in Blood Services
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 
incentivising 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.

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
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aPPeNdIx II:

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)

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)
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Topics Year Journal Authors Details
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)

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)
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Topics Year Journal Authors Details
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)

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)
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Topics Year Journal Authors Details
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)

41. Strong preference ‘to 
donate’ among HIV-
positive blood donors in 
Zimbabwe.

1996 Lancet Mvere, D. et al. 347, 902 (1996)
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Topics Year Journal Authors Details
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)
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Topics Year Journal Authors Details
52. Hypotension and bedside 

leukocyte reduction filters
1999 Cent Afr J Med Chitiyo, M. E 5, 164 (1999)

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 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)
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Topics Year Journal Authors Details
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)

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)
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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 collaborative research work. This 
does not necessarily reflect all NBSZ published work.
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INTroduCTIoN

The provision and maintenance of an adequate, high quality and safe blood supply is a key 
component of any sound health system. The inclusion of whole blood and its components on 
the World Health Organization’s (WHO) essential medicines list underscores the important role 
blood transfusions play in public health1. An adequate and safe blood supply is integral to the 
WHO HIV/AIDS plan to accelerate the prevention of HIV infection and to the achievement 
of the health-related Sustainable Development Goals aiming to reduce child mortality, improve 
maternal health, combat HIV and develop global partnership for development2.

Blood transfusion services and systems in developing countries are faced with several challenges 
that threaten the successful fulfilment of their missions. Some of these challenges include inef-
ficient blood supply structures; blood shortages, inequitable access and increasing needs; weak 
quality systems, high risk of transfusion transmissible infections and inappropriate or unneces-
sary use of blood components3-5. These challenges threaten the goal of ensuring universal access 
to safe blood and blood products. The WHO recommends an integrated strategy for blood safety 
and availability which includes: establishment of a national blood system with well-organized and 
coordinated blood transfusion services; collection of blood, plasma and other blood components 
from low-risk, regular, voluntary unpaid donors through the strengthening of donation systems; 
quality-assured screening of all donated blood for transfusion-transmissible infections (TTIs); 
rational use of blood and blood products to reduce unnecessary transfusions and minimize the 
risks associated with transfusion; and step-wise implementation of effective quality systems3. 
Barriers to maintaining an adequate and safe blood supply in developing countries are often 
multifaceted. Key to these are infrastructure and resources. Efforts to meet stringent regulatory 
demands, implementation of quality management systems, and need for compliance with inter-
nationally recognized standards of ethics and practice often lead to increases in the production 
costs of blood and blood components.6-8 Meeting internationally recognized standards is an 
expectation of all countries, especially as countries adopt the Resolutions agreed at the annual 
World Health Assembly Meetings, of the WHO. In addition, the introduction of advanced 
technologies to ensure safety from new and emerging infectious agents is particularly desirable in 
sub-Saharan Africa (SSA) where the residual risks of TTIs is considerably high. All these require-
ments are subject to periodical increases in operational, administration, and overhead expenses, 
resulting in an increase in the service fees for blood. The limited availability of resources coupled 
with the never ending competing needs in SSA requires careful assessment of the costs and 
benefits of adopting such standards and interventions.

Therefore, this thesis presents the health economics and safety of blood transfusion in a resource-
limited setting, with the aim of helping decision-makers understand the cost-effectiveness of 
introducing a blood safety measure, nucleic acid testing (NAT). In particular, it discusses the 
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chronic challenges in the collection, availability and quality of empirical data; and their impact 
in informing a health economic model and subsequently decision making relating to blood 
safety. This chapter summarizes the main results, findings and provides some insights into future 
perspectives.

suMMary of resulTs

In Chapter 2, the demographic characteristics of blood transfusion recipients, the utilisation 
patterns of blood and blood components and discharge diagnoses are described. In addition, the 
outcomes following blood transfusions were also provided. Transfusion recipients in Zimbabwe 
are generally young, with a mean age of 35 (SD; 20) years. The majority of transfusion recipients 
studied were female (63.2%), most of whom (65.3%) were in the reproductive age group, i.e. 
15-49 years. More than ninety percent of the recipients received a red blood cell transfusion. The 
top diagnoses associated with blood transfusion were pregnancy and childbirth (22.3%), diseases 
of blood and blood-forming organs (17.5%), neoplasms (10.1%), infectious and parasitic dis-
eases (9.0%) and diseases of the digestive system (8.2%). The median time spent in hospital was 
8 days (range, 0-214) and in-hospital mortality was 15.4%.

Chapter 3 reviewed the transfusion-event records reported to the national blood service by 
hospitals in order to estimate their incidence and pattern of occurrence following blood transfu-
sion. The incidence of suspected transfusion adverse events, 0.46 per 1,000 blood components 
distributed, was generally low. The majority (61.6%) of the recipients who experienced a 
transfusion-related adverse event were female. The most striking finding was the dispropor-
tionate association of whole blood with transfusion adverse events. Two-thirds (66.6%) of the 
adverse events occurred following transfusion of whole blood, although only 10.6% of the blood 
was distributed as whole blood. On the other hand, red blood cells which accounted for 75% 
of blood components distributed, were associated with 20.1% of the events. Under-reporting of 
transfusion events was highly suspected in Zimbabwe where a passive reporting system was in 
place. The general quality of the assessed reports was graded as low, because most of them were 
incomplete making classification difficult.

An assessment of the patient-reported Health Related Quality of Life (HRQoL) in individuals 
with HIV/AIDS receiving antiretroviral therapy was presented in Chapter 4. The HIV/AIDS 
targeted quality of life (HAT-QoL) and EuroQoL-Five Dimensions – Three-Level (EQ-5D-
3L) instruments were used in the assessment. The patients’ self-reported HRQoL was generally 
satisfactory in all the HAT-QoL dimensions as well as the two components on the EQ-5D-3L 
instrument. The median scores for the HAT-QoL dimensions ranged from 33.3 (financial wor-
ries) to 100 (HIV mastery). The median of the EQ-5D-3L index and visual analogue scale (VAS) 
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was 0.81 and 79.0, respectively. The two instruments demonstrated good internal consistency 
and convergent validity.

In Chapter 5, the costs and cost structures of providing antiretroviral therapy to adult outpa-
tients living with HIV/AIDS were presented. The average cost per patient initiated on ART per 
year was US$268 (SD=79). The average resource utilization was high for medications, ranging 
from 9.3 months for Stavudine/Lamivudine/Nevirapine (D4T/3TC/NVP) to 11.8 months for 
Tenofovir/Lamivudine/Efavirenz (TDF/3TC/EFV). It was therefore not unexpected that drug 
costs (ARVs and non-ARVs) accounted for the largest share of the total costs (45.5%) followed 
by laboratory investigations (32.0%). Fixed costs accounted for 16.8% of the total costs whilst 
outpatient visits contributed 5.7%. The average cost per patient remaining in care at 12 months 
was US$276 (SD=75), with a similar distribution of costs components. The costs per patient 
initiated on ART divided by the proportion retained in care, interpreted as average cost to 
produce a patient in care, for this cohort was US$287.

The costs associated with producing blood and blood components were described in Chapter 6. 
The costs were presented for all the direct blood production activities from donor recruitment, 
blood collection, donation testing (screening for TTIs and blood grouping), and storage plus 
distribution. Indirect costs were categorized as follows: finance and administration; coordina-
tion; safety, health, environment, and quality (SHEQ); planning, information, and research 
(PIR); and general overheads. The activity unit costs for producing red blood cells (RBCs) were 
US$15.94 for donor recruitment, US$34.62 for blood collection, US$17.88 for donation test-
ing, US$11.49 for blood processing, and US$3.06 for storage plus distribution. The overall 
cost of production for one unit of whole blood was US$118.42 and RBCs was US$130.94 
constituting 12.4 and 13.7% of the country’s annual GDP per capita.

Chapter 7 collated information and parameters reported in the preceding chapters into an 
economic model assessing the cost-effectiveness of introducing individual-donor nucleic acid 
testing (ID-NAT), in addition to serologic tests, compared with only using serologic tests for 
the identification of hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunode-
ficiency virus (HIV) among blood donors in Zimbabwe. The model estimated the residual risk 
of transmission, following post-donation serological screening at 83.1, 6.8 and 8.4 per 100,000 
donations for HBV, HCV and HIV, respectively. The introduction of multiplex ID-NAT in 
addition to serologic tests would lower HBV, HCV and HIV transmission risks to 47, 0.3 and 
2.7 per 100,000 donations, respectively; and prevent additional 25, 7 and 9 HBV, HCV and 
HIV transfusion transmitted infections (TTIs) in Zimbabwe, respectively. The introduction of 
this screening strategy would save an estimated 2,174 quality-adjusted life years (QALYs). The 
incremental cost-effectiveness ratio was estimated at US$12,252/QALY, a value substantially 
higher than three times the GNI per capita for Zimbabwe.



154  |  Chapter 9

Lastly, Chapter 8 described a systematic approach adopted and used to review the research 
capacity within Zimbabwe’s national blood service. The review demonstrated that the NBSZ had 
the basic foundations for performing and participating in high quality research activities. Several 
interviews with a wide range of stakeholders highlighted key areas of NBSZ’s research capacity 
for improvement, in particular, better dissemination of NBSZ’s research priorities and closer ties 
with academics and their institutions for preparing research proposals and jointly undertaking 
research projects. With minor adaptations, the systematic process, although adapted framework 
used to assess universities’ research systems, was found to be applicable for assessing research 
capacity within blood services.

geNeral dIsCussIoN

Implementing advanced blood safety interventions and technologies in order to meet interna-
tional standards for a safe blood supply is a desire for every blood service. However, these inter-
ventions and technologies come with significant financial investments and they put immense 
pressure on already constrained health care budgets. In addition, the blood transfusion chain 
is fairly complex making it difficult to estimate the impact of blood safety measures. However, 
the chain is largely mechanistic, well understood and the entire process can easily be described 
using mathematical models, thus enabling risk assessments and health economic analyses to be 
performed when the appropriate data is available. Under these circumstances, cost–effectiveness 
analyses (CEA) can be used as a tool to inform decision makers on how and where to allocate the 
limited healthcare resources9,10. These analyses quantify the costs and benefits of specific public 
health choices or interventions compared to current practice, thus informing decisions on the 
responsible use of scarce health care resources. The application of health economic evaluations 
to in blood safety has been growing over the past 10 years11-21. However, it is appalling to note 
that in SSA, where there is a greater need for improvements in blood safety amid severe resource 
constraints, only a handful of studies have been published during the same period20,21. Health 
economic analyses are generally regarded as data intensive exercises, requiring appropriate setting 
or country specific data22. The main data elements required to inform health economic models 
concerning blood safety include donor epidemiology, blood bank interventions (costs and ef-
fectiveness) and the costs and outcomes associated with adverse events in patients. The unavail-
ability of accurate and complete data on most of the components of the blood transfusion chain 
limits the use of risk assessments and health economic analyses in blood safety decision-making. 
The main focus of this thesis was to evaluate the cost-effectiveness of introducing ID-NAT in 
addition to the current serological tests for the screening of blood donations in a resource-
limited setting. The preceding chapters described the various approaches undertaken, challenges 
faced, suggestions to resolve these challenges and limitations faced in collecting empiric data 
and/or parameters and their application in a health economic model to aid decision making on 
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blood safety in Zimbabwe. This section further summarizes these issues, particularly those with 
a bearing on economic evaluations, and provides some insights for the future.

Blood donation and screening
The NBSZ has a long history of strong commitment to ensuring that safe blood is distributed 
in Zimbabwe. This has been largely achieved by responding to emerging threat, technological 
advancements and meeting international standards for blood safety. As such, the Service began 
routine screening for antibody to human immuno-deficiency virus (HIV) on all blood donations 
in July 198523. 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 analyzers, which utilize a chemiluminescent immunoassay tech-
nique. The Service also maintains an up-to-date computerised database for recording and track-
ing blood donors hence data on blood donations and subsequent processing into components.

Serological screening costs were accurately estimated since data on costs and tests performed 
was readily available from the NBSZ Departments of Finance and Laboratory (Chapter 4). The 
test cost for NAT has not been accurately estimated, as the technology has not implemented 
in Zimbabwe and can only be estimated from projected costs derived from supplier quotations 
and experiences from other countries in the region, raising potential uncertainties. The current 
cost (used in the model) only included reagents and freight costs. Other implementation costs, 
including labour, training, utility costs, equipment and other setup costs were not available 
for the analysis. Inclusion of all the costs will result in an increase in the total test cost and 
subsequently the estimated ICER, further rendering the additional NAT testing even less cost-
effective. Although, sensitivity analyses on the NAT costs were performed, a more thorough cost 
analyses will be required in future due to several reasons. Firstly, quoted prices are largely based 
on price negotiations with the supplier and therefore tend to be variable. Secondly, improve-
ments in other activities such as donor recruitment and automation will improve efficiency and 
may influence the test costs. Therefore, NAT test costs are likely to fall in future due to efficient 
donor recruitment, negotiating the price of reagents, and the efficient use of technology. The 
impact of potential offset of some of the costs of NAT through the use of excess plasma for 
fractionation into plasma derivatives need to be investigated in future studies. Accurate and 
precise estimation of these costs is important since they will add on to the already high cost of 
producing a unit of blood in Zimbabwe as reported in Chapter 6.

Residual risk of HBV, HCV, and HIV transmission
The residual risk of viral transmission was estimated using the classical incidence-window period 
model for repeat donors and an adapted version of the model for first time donors. This was 
made fairly possibly because the NBSZ maintains an up-to-date computerised database for 
tracking blood donors. The model was chosen for its simplicity, however it may be associated 
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with some limitations which warrants some discussion. As with any model, the accuracy of the 
estimates derived from the incidence-window period model are largely dependent on how well 
the assumptions of the model are fulfilled and how accurate the data is. The central assump-
tion of the model states that the frequency of donation by all donors, including seroconverting 
donors, is random24,25. Any deviations from this assumption is likely to result in biased estimates 
of the residual risk. Some studies reported a deliberate delay in donating by donors engaging in 
risk behavior likely to lead to infection which may subsequently lead to the model overestimat-
ing the risk of viral transmission24,26-29. Test-seeking behavior, defined as the donation of blood 
soon after exposure specifically to receive infection testing has been reported30-32, and may lead 
to underestimation of the residual risk of viral infection. A recent analysis of inter-donation 
intervals using NBSZ data (unpublished) failed to detect changes in donation behavior among 
sero-convertors suggesting that the data complied with the key assumption of the model. Al-
though not statistically significant, the analysis showed that on average sero-convertors tend 
to return early for all the three markers, possibly increasing the risk of WP donations. This 
finding, suggestive of test-seeking behavior, requires further studying since it has potentially 
huge implications on blood safety in Zimbabwe.

The structured risk management strategy active at NBSZ which classifies donors into risk cat-
egories33 maybe another area which may result in potentially biased estimates of the residual risk. 
The risk classification categorizes repeat donors with at least one previous donation within 12 
months and first time donors aged 16 to 20 years donating at a school venue as low risk donors. 
Blood collected from these low risk donors is considered usable as long as it’s not reactive for any 
of the markers on screening. All lapsed donors, previous donation not within 12 months and 
the rest of the first time donors are categorized as high risk donors and their blood is not used 
regardless of the test result. Inclusion of the high risk donor category (they are not going to be 
used anyway) in the estimation of incidence of viral infection in first time donors may lead to 
overestimation of residual risk.

It is common practice to incorporates a correction factor for the incidence of HBV into the 
model to compensate for the potential underestimation caused by the transient nature of 
HBsAg24,34,35. The correction factor was applied by multiplying the HBV incidence by a factor 
found in literature to derive an adjusted incidence. This maybe a potential limitation since the 
literature values were derived based on epidemiological data derived from the USA36 and may 
not necessarily be valid for the Zimbabwean donors. Future attempts to deriving the correction 
factor based on local epidemiological data may further refine the estimate.

The incidence-window period model assumes that most of the risk per unit is due to the prob-
ability of window period donations and other sources of transfusion risk are insignificant (such 
as human or technical errors). This may underestimate the residual risk as well as the value of the 
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technology, since testing errors may be reduced by the introduction of a more sensitive technol-
ogy20,21. Quantification and qualification of the human and technical errors will ensure deriva-
tion more reliable estimates of the residual risk. More so, the model assumes that any donation 
during the window period of an infection with HBV, HCV, or HIV always results in an infected 
recipient. This is despite the fact that viral infectivity increases with time after infection of the 
donor. In reality the infectivity period may or may not be the same as the length of the window 
period commonly used to estimate residual risk. This uncertainty may lead to overestimation of 
residual risk and as new data becomes available, the model needs to be updated.

The accuracy of the estimates derived from the incidence-window period model could not be 
validated and this might be an important limitation to consider for future studies. Validation 
of estimates can be done by comparing them to the actual number of infections transmitted 
through blood transfusion or the actual yield data of NAT screening. Currently there is no data 
on the number of documented HBV, HCV and HIV infections transmitted through blood 
transfusions and NAT has not yet been implemented, so validation of the estimates was not 
possible. The introduction of donor lookback and recipient trackback studies may help generate 
data which may be useful for validating these model estimates. Furthermore, when NAT is 
finally introduced, there is need for comparing observed risk with expected outcomes predicted 
by the models in order to validate the accuracy of the model based estimates.

Patient population and disease modelling
The costs and outcomes of HBV, HCV and HIV infection were modelled using simplified 
Markov models described previously. The age distribution of patients receiving blood transfu-
sions were obtained from a study conducted in Zimbabwe during the period from January 
1, 2012 to December 31, 201237 and are presented in Chapter 2. The costs and outcomes of 
transfusion-acquired diseases were modelled for the mean age (35 years) in the base model and 
the influence of different ages at the time of transfusion was explored in a sensitivity analyses. 
Despite the availability of other subgroups such as gender, diagnosis (disease), and number of 
units transfused, the current analysis did not attempt to identify patient subgroups where the 
introduction of the new technology would be considered cost-effective. Even if the analysis 
shows that introducing the technology in one group is shown to be more cost-effective, restrict-
ing the technology in that group would present with political, ethical and legal challenges. Such 
an analysis would therefore only prove useful following the establishment of a framework which 
includes political, practical, ethical, legal and economic aspects of blood safety38,39. A potential 
limitation of the patient study is the limited number of hospitals included. The study included 
only four urban hospitals which may not be representative of the whole country. Although these 
hospitals were chosen because they consume more blood than any other facility, future studies 
need to be more inclusive since patient profiles and utilization patterns may vary from one 
facility to the other.
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Estimates of the clinical outcomes (life expectancy, quality-adjusted life expectancy) and treat-
ment costs for HIV infection (Chapter 5) were obtained from patient studies carried out in the 
Zimbabwe population. The healthy utility weights derived from the patient study reported in 
Chapter 4 were not responsive to clinical AIDS-defining events, hence further studies incorporat-
ing more patients should be carried out. Several limitations may have led to the underestimation 
of the treatment costs for HIV/AIDS. Cost analysis was performed for outpatient care only. This 
excluded any potential hospitalizations or management of adverse reactions or any other condi-
tions/complications which may arise during antiretroviral therapy. The cost analysis was also 
performed from a provider’s perspective thus excluding any costs borne by the patients or the 
society at large. It is generally recommended that health economics and outcomes assessments 
of blood safety decisions must take a societal perspective and encompass all costs and effects 
incurred by all stakeholders, because donated blood is a societal good that involves costs, risks 
and benefits that accrue to different groups40. Estimates of the clinical outcomes and treatment 
costs for HBV and HCV infection were obtained from literature since these were not readily 
available. The health care impact of the disease specific costs for HBV and HCV are not available 
for Zimbabwe, hence the use of estimates from Ethiopia41. The use of data inputs derived from 
other countries potentially limits the accuracy of the findings. The cost analyses study used for 
these costs was based on the use of newer, more expensive drugs that are not yet widely used in 
Zimbabwe. This may have led to overestimation of the actual costs. Although sensitivity analysis 
demonstrated that changes in these cost estimates did not substantially affect the ICER, there 
is need for estimation of the costs for the treatment of HBV and HCV in Zimbabwe in order 
to improve the accuracy of CEA estimates. Studies to evaluate the HRQoL in specific patient 
groups can easily be crafted and executed in a resource limed setting. Disease progression and 
outcomes for HBV and HCV may require extensive literature searches in order to improve 
the accuracy of results of a CEA. Although the transfusion adverse events in Zimbabwe were 
described in Chapter 3, these were not incorporated into the CEA model because the economic 
burden of these adverse events was not evaluated due to lack of information on their manage-
ment. A further evaluation of outcomes following blood transfusion is required in order to 
fully understand the costs and consequences of introducing blood safety interventions. Survival 
of patients following blood transfusion was limited to in-hospital mortality. Long-term excess 
mortality of blood transfusion recipients was not included in the model, because those data are 
currently not available for Zimbabwe. Estimation of long term survival should be prioritized in 
any future studies as this will help refine the projection of costs and consequences of new blood 
safety measures.

Cost-effectiveness analysis
Despite further reducing the risk of viral transmission through blood transfusion, the ICER for 
the introduction of ID-NAT in addition to the current serological screening, given the variables 
and underlying assumptions used, was more than three times the GNI per capita threshold 
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for Zimbabwe. Therefore, the implementation of this additional screening strategy, cannot, at 
the present time, be considered as cost-effective in Zimbabwe. Our results were comparable 
with ICERs reported from other blood safety interventions in Ghana of $8,306/DALY (not 
cost-effective) for multiplex ID-NAT compared to minipool (pool of 6 donors) NAT20. How-
ever, these additional screening tests would represent far greater value when compared with 
improvements in screening blood donations in developed countries12-14,17,20,42. These differences 
can be largely explained by the fact that the cost-effectiveness of infectious disease screening 
varies according to the underlying epidemiology (incidence/prevalence) of disease in the donor 
population as well as the order of adoption of screening technology when multiple strategies are 
in place for a defined pathogen10,43. The risk of TTIs is higher in SSA compared to developed 
countries hence the introduction of additional screening strategies would identify much more 
additional infections leading to a cascade of beneficial effects representing greater efficiency. 
Many infected donations are interdicted, preventing transmissible transmitted infections thus 
avoiding future treatment costs10. On the contrary, the ICERs are not favourable in developed 
countries because the risk of TTIs is lower hence the number of additional infections identified 
by additional screening strategies is very small despite the huge costs involved. Results from 
our sensitivity analysis demonstrated that incidence of viral markers in blood donors has the 
most profound impact on the cost-effectiveness of introducing NAT. Transfusion recipient age 
is another important variable that explains the differences in the cost-effectiveness ratios12,13,20,44. 
Transfusion recipients in SSA are young (lower average age at the time of transfusion)37,45-50, 
resulting in more gains in QALYs due to avoiding infections by additional screening strategies, 
thus making such strategies more favourable. These two fundamental differences underscore 
the need for using setting or country specific epidemiological data when performing economic 
evaluations for blood safety interventions.

As previously highlighted, improvements in screening blood donations do not compare favour-
ably with other healthcare interventions in Sub-Saharan Africa20,21. The base case ICER estimated 
in this study does not compare favourably with most healthcare interventions in Zimbabwe51, 
where most interventions appear to be cost-effective. ICERs for HIV related interventions 
ranged from $129/DALY for prevention through access to treatment for STIs to $12,473/
DALY for providing prophylaxis to prevent opportunistic diseases51. A study that evaluated the 
cost-effectiveness of monitoring of antiretroviral therapy in Uganda and Zimbabwe reported an 
ICER of $7,793 per QALY52. An ICER of $2,113/DALY was reported in another study, which 
assessed the cost-effectiveness of HIV drug resistance testing, as a tool for decision making to 
switch to second line antiretroviral therapy53. Previous reports10,43 argued that larger ICERs are 
generally considered acceptable in blood safety and other areas of public health due to several 
reasons. These reports rightly indicated that it is normal for decision-makers to allocate resources 
to prevent outcomes such as adverse events or diseases caused by contaminated blood and blood 
components. They also highlighted the fact that society places high value on the prevention of 
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low-probability risks that may result in serious consequences hence the society will be willing 
to support interventions that target identifiable individuals (blood recipients)43. Overall, the 
society and regulators demand blood to be as safe as possible, and as such a lot of interventions 
with seemingly unfavourable cost-effectiveness have been implemented in developed countries43. 
In the recent past, the local media has been awash with headlines on the resumption of open-
heart surgery at one of the tertiary hospitals in Zimbabwe54-56. The procedure was last performed 
in the country some 13 years ago due to the economic meltdown which led to the near total 
collapse of the health system. The Heart Foundation of Zimbabwe estimates the cost of each 
procedure at over US$ 10,000 for an adult and around US$ 15,000 for a paediatric patient57. 
Despite being expensive, the government, practitioners and the public seem to have embraced 
the resuscitation of open-heart surgery despite the uncertainty surrounding patient outcomes. 
Using these arguments, one can consider an ICER of $12,085/QALY, for introducing NAT 
in addition to current serological screening for blood donations, acceptable for Zimbabwe, 
especially considering the political and societal perceptions on the possibility of transmission of 
a ‘dreaded’ infection such as HIV.

It is also important to note that a cost-effectiveness analysis is simply one of several methods 
used to formally compare the relative value of any new intervention/technology based on the 
mix of interventions/technologies to which the intervention/technology is judged against. A 
CEA therefore does not determine if an intervention is cost-effective and one would require 
both the results of a CEA and the decision-maker’s context of safety, liability, politics and public 
opinion10,22,43,58. Determining whether an intervention is cost-effective or not requires a certain 
threshold value, representing the society’s willingness to pay for that particular intervention. The 
most commonly used approaches include thresholds based on per capita GNI, benchmark inter-
ventions and league tables58. The use of thresholds based on benchmark interventions and league 
tables is largely restricted to the developed countries due to unavailability of such values in most 
resource-limited settings. The threshold based on per capita GNI was used in this thesis despite 
the known criticisms. One such limitation is the potential for the GNI to be underestimated 
in lower-income economies that have more informal, subsistence activities59. In addition, the 
current methods used to estimate GNI do not include remittances and foreign aid, despite their 
contribution to the country’s disposable income60. This can be quite compelling for countries 
like Zimbabwe largely characterized by a growing informal economy with approximately more 
than 80% of workers employed in the informal sector61,62. 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. These countries rely on 
imports for equipment and consumables resulting in significantly high costs of screening relative 
to the per capita GNI. The cost-effectiveness ratios of blood safety interventions, as in this 
study, will therefore appear unfavourable relative to the low per capita GNI derived threshold 
ratios. The use of the three times per capita GNI will only indicate whether an intervention is 
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cost-effective or not, thus obscuring important comparisons that will determine whether imple-
menting that particular intervention will represent best use for resources58. Ideally, the decision 
on whether to introduce ID-NAT should be made after considering other interventions that 
may need to be implemented to improve blood safety (assuming a blood service’s perspective). 
Such interventions may include setting up of haemovigilance and look-back systems, prevention 
of non-infectious risks such as transfusion of wrong blood, reducing bacterial contamination 
and reducing inappropriate or unnecessary transfusions. Currently it is challenging to consider 
these other measures because the risks and costs are poorly quantified in SSA.

Since determining whether the introduction of ID-NAT in Zimbabwe is favourable or not is 
rather arbitrary, the following could be some ‘real’ questions to be asked. Is there available bud-
get to support the new intervention? The Ministry of Health, the blood service and development 
partners need to determine if they have the capacity to increase the blood service’s annual budget 
in order to meet the NAT requirements. This assessment may set a platform for resource mobili-
sation, if required. If the required budget can be met, then the question on sustainability should 
be considered since this technology comes with a significant budget impact. The cascade of ef-
fects that follow on the introduction of NAT also need to be assessed carefully. The introduction 
of NAT will almost certainly result in an increase in the cost of blood and blood components. 
How is this increase going to affect consumption and the cost-recovery system currently in 
place? Sustainability will be threatened if the increase in costs results in a decrease in utilisation, 
increase in debts at both public and private sectors due to failure to keep up with the high costs. 
Identification of funding sources to fill these gaps will be required. Most costs associated with 
technological advances are passed along to the consumers of the products. The introduction 
of NAT will increase the unit cost of blood by about US$30, further making the commodity, 
currently considered expensive63, unaffordable. It is therefore also very important to consider the 
impact to society of introducing NAT, particularly on affordability and accessibility of blood and 
blood components. Blood and blood components are generally considered expensive and not 
affordable in Zimbabwe63. In this low-income setting, at least 90% of the population does not 
have health insurance64 and therefore have to pay out of pocket for health care services. Conse-
quently, with a high acquisition cost, patients may fail to procure blood components and forego 
transfusions or they may become impoverished following the purchase65. With the majority of 
blood transfusions in resource limited settings being required for women with pregnant related 
emergencies and children with life threatening anaemia37,46,47,49, failure to access blood and blood 
products will result in increased morbidity and mortality. The resulting reduced accessibility will 
threaten the country’s progress towards achievement of the sustainable development goals. The 
identification funding mechanisms and developmental partners to subsidise the cost of blood 
remain pivotal. The Health Transition Fund (HTF)66, a multi-donor pooled fund, managed by 
UNICEF, to support the Ministry of Health and Child Care (MoHCC) in Zimbabwe to achieve 
planned progress towards ‘achieving the highest possible level of health and quality of life for all 
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Zimbabweans, is a good example of such cooperation. Through the Health Transition Fund, all 
pregnant women in Zimbabwe are able to access blood and blood components when in need. 
Expansion of such developmental arrangements would help increase access to blood and blood 
components.

Making decisions about blood safety is increasingly becoming a complex activity due to the 
multiplicity of factors that have to be taken into account. Some of these factors include risks, 
benefits, costs, ethics, political and legal issues, and stakeholder perspectives40,67,68. Due to this 
complexity, a carefully laid out framework and set of tools is required to facilitate decision mak-
ing on the adoption of new technologies. A risk-based decision-making framework for blood 
safety, developed by the Alliance for Blood Operators40, is available for adoption or adaptation 
by blood services in order to streamline blood safety decision-making. The framework is based on 
diverse considerations including scientific, medical, ethical, legal, political, regulatory, economic 
and public policy perspectives. This framework identifies health economic analysis as one of sev-
eral specialist assessments that maybe undertaken in the blood safety decision-making process. 
Therefore, despite the fact that our analysis showed that the introduction of ID-NAT in addition 
to serological testing cannot be considered cost-effective, the blood service may still decide to 
adopt the technology. This is largely because other assessments and/or priorities may override 
health economic considerations. It is therefore necessary to perform additional assessments on 
contextual issues40 such as social or ethical concerns about the risk of TTIs or their management, 
legal, political and stakeholders’ considerations as these will have an impact on the decision on 
whether or not ID-NAT should be introduced. The blood service may perform these contextual 
assessments through risk communication and stakeholder engagement38,40. These considerations 
have, in the past, led to the adoption of blood safety interventions that were not considered 
cost-effective (ICERS>>$1 million per QALY)22,43,44,69, and if done in the Zimbabwean context, 
may result in the adoption of ID-NAT despite the lack of demonstrable cost-effectiveness.

Research capacity – towards evidence based practices
Driven by the limited availability of locally generated evidence, most sub-Saharan African 
countries have for long relied on evidence almost exclusively generated in high income countries 
in order to guide blood transfusion practices70,71. This led to the ‘blanket’ adoption of prin-
ciples of transfusion services practiced in high-income countries, which may not be suitable for 
the conditions that exist in these low resource settings71,72. These challenges have largely been 
driven by availability of limited and uncoordinated research activities within the sub-Saharan 
African region. This subsequently resulted in the total unavailability, or availability of poor 
quality evidence. It is under this background that we undertook a systematic review, assessing 
the National Blood Service Zimbabwe’s research capacity as a way of guiding its research strategy. 
This review successfully adopted a framework which had been used to review research capacity 
in African universities73 and this paves a way for a similar application in other blood services 
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in SSA. Key strengths within NBSZ, which are relevant for conducting international quality 
research, included experience in non-research funding applications, project management skills 
and sophisticated training programmes with effectiveness monitoring. The review also noted 
limited formal linkages with local academic institutions and with national policy-makers. Such 
linkages could be very useful in enhancing quality research outputs which would in turn help 
inform decision-making and transfusion practices. In summary a framework for carrying out 
research activities at NBSZ was available. However, there was need for further strengthening 
linkages with individuals outside the service for example academic researchers in order to further 
enhance this capacity. This may go a long way in easing some of the data challenges highlighted 
in the preceding chapters and hence lead to better blood safety decision making.

CoNClusIoNs aNd fuTure PersPeCTIves

Blood services in sub Saharan Africa remain confronted with multi-factorial and often unique 
challenges, however, accessing safe and adequate quantities of blood and blood components 
remains the biggest challenge. Some of the issues that compromise blood safety in most coun-
tries of the region include chronic blood shortages, high prevalence of TTIs, recruitment and 
retention of VNRD, family and commercial blood donation, inadequate use of pharmacologic 
and non-pharmacologic alternatives to allogeneic blood and potential misuse of blood transfu-
sions. In order to address the majority of these challenges, blood services require a great deal 
of locally driven evidence to support decisions surrounding transfusion policies and practices. 
Most blood services are confronted with a dearth of locally derived information and evidence to 
support these decisions. As efforts to resolve these challenges increase, choices between interven-
tions are expanding while budgets remain constrained, therefore health economic evaluations 
may have an important contribution towards blood safety decision-making. However, economic 
evaluations and their use in blood safety decision-making remains limited particularly in SSA 
(where they are probably needed the most). Data availability, accessibility and quality are major 
limitations to evidence-based decision making in SSA. In most countries, manual records are 
still being maintained thereby making data abstraction expensive and time consuming, thus 
further limiting availability and accessibility. The quality of the data that is available and can be 
accessed also leaves a lot to be desired. Poor record keeping with issues ranging from incomplete 
records, missing records/files to poor (incorrect) coding; often compromises the quality and 
subsequently usefulness of any data collected. This thesis described the activities undertaken to 
gather information that was later used in a health economic model that will assist in decision 
making. This section provides concluding remarks and some future perspectives.

The study described in Chapter 2 provides an insight into the characteristics of blood transfu-
sion recipients and form the basis for planning more comprehensive blood utilisation studies in 



164  |  Chapter 9

Zimbabwe. The study highlights the probable differences in utilisation patterns and practices in 
different settings. Similar to other SSA settings, blood transfusion recipients in Zimbabwe were 
relatively young, which may result in prolonging of the long-term impact of blood transfusion 
in these recipients and affect results of economic evaluations. A higher proportion of women 
received blood transfusion for conditions related to pregnancy and childbirth. Whole blood is 
separated into components and transfusion of red blood cells was predominant. Since the data 
was collected from a limited number of urban hospitals which may not accurately represent 
overall transfusion practices in Zimbabwe, future prospective national studies, which incorpo-
rates hospitals in all provinces at different levels of the health care system, are required in order 
to provide a better representation of the patterns of blood utilisation throughout the country. 
In order to reduce the time required for, and costs of, data extraction, investments in electronic 
data systems are required. There is also a great need for a wider collaboration between the blood 
service and the hospital in terms of information and data sharing. The blood service of course 
should lead these initiatives since they may have a better understanding of the need for such data 
in blood safety decision making.

The reported incidence of suspected transfusion adverse events reported in Chapter 3 is gener-
ally lower in Zimbabwe compared to countries with well-established haemovigilance systems, 
and maybe a signal indicative of underreporting. The patterns of the transfusion adverse events 
reported here highlights the probable differences in practice between different settings. Poor 
quality reports limited the accurate quantification and characterisation of transfusion-related 
events. There is urgent need for a more organised, standardised and systematic surveillance 
system in order to accurately quantify and characterize transfusion adverse events in Zimba-
bwe. Education and awareness campaigns for health care professionals may also be required 
in order to improve both the quality and quantity of reports. This further stresses the need for 
strengthening collaborations between the blood service and hospitals, particularly through the 
hospital transfusion committees. Future studies may also look into the costs associated with the 
management of adverse events as these will help to inform health economic models.

The patients’ self-reported HRQoL in people living with HIV/AIDS on ART was generally 
satisfactory. The failure of the measures used to detect differences in HRQoL across clinical 
AIDS-defining events limited the use of the derived health utility weights in the HIV Markov 
model used in the health economic model. Future studies will have to consider a much larger 
sample size drawn from different treatment facilities in order to increase the power of detecting 
any possible differences in HRQoL across subgroups. Following up the participants over time 
would also help provide valuable data on the relationship of the change in clinical biomarkers 
and changes in HRQoL scores. With the wide availability of safe and efficacious antiretroviral 
drugs, the HRQoL scores reported in literature may now be too low and this could have an 
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impact on the results of economic evaluations. Further studies seeking to update these values 
are warranted.

The continuous evolution of guidelines for antiretroviral therapy and changes in the costs of 
medicines (general decrease) will warrant periodic costing analyses in order to obtain more reli-
able cost estimates that will facilitate budgeting, efficient resource allocation and serve as inputs 
of economic evaluations of healthcare interventions. Although relatively low compared to other 
countries in SSA, the costs of providing HIV/AIDS treatment in Zimbabwe are substantially 
high relative to the country’s per capita GNI.

The costs of producing an optimally safe unit of blood are quite substantial and represent a 
significant burden on the health care sector in Zimbabwe when compared to the annual per 
capita GNI. Although desirable, the introduction of additional safety measures such as nucleic 
acid amplification testing and pathogen reduction technology will further increase this burden. 
However, full economic evaluations are required in order to inform decisions on whether or not 
such strategies can be implemented in different settings. The blood service and the hospitals may 
need to invest efforts in identifying cost-cutting measures in order to contain the service fee for 
blood. It is also an opportune time to start thinking about patient blood management (PBM) 
and alternatives to blood transfusion especially since these have a huge bearing on both costs 
and safety4,74-76.

Although the introduction of NAT could further improve the safety of the blood supply and 
is desirable, current evidence suggests that it cannot be considered cost-effective in Zimbabwe. 
The use of the WHO-CHOICE criterion for cost-effectiveness based on the per capita GNI 
needs further review amid the several limitations highlighted in the discussion. Establishment 
of country specific benchmark/threshold values is warranted if economic analyses may have a 
chance in blood safety decision making. The health economic model described in this thesis 
is dependent on the data and assumptions that were used, all of which can change with time 
requiring updating of the model. More complete recipient data after transfusion will be required 
since insufficient information may lead to incomplete and biased estimates. Data on long-term 
survival of transfusion recipients is important for the precise estimation of QALYs gained while 
treatment data for adverse events is required for the precise estimation of the economic burden 
averted by implementing different interventions. In addition, the costs of screening have to be 
updated as and when they become available. This is particularly important for the test cost for 
NAT which has not yet been implemented in Zimbabwe.
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Blood transfusion services and systems in developing countries are faced with several chal-
lenges that threaten the availability, affordability, accessibility and safety of blood and blood 
components. Some of these challenges include inefficient blood supply structures; blood short-
ages, inequitable access and increasing needs; weak quality systems, high risk of transfusion 
transmissible infections and inappropriate or unnecessary use of blood and blood components. 
These challenges threaten the goal of ensuring universal access to safe blood and blood products. 
Efforts to alleviate these challenges are often hampered by unstable economies, lack of suitable 
infrastructure, inadequate human resources and expertise; inadequate institutional frameworks; 
managerial and technological capacities. 

Countries in SSA have been placed under increasing global market and internal pressures to 
import modern health technology due to the high burden of TTIs and the rapid advances in 
technology experienced over the past few decades. However, attempts to introduce advanced 
technologies to ensure safety from new and emerging infectious agents, meet stringent regulatory 
demands, implement quality management systems, and comply with internationally recognized 
standards of ethics and practice often lead to increases in the production costs of blood and 
blood components. The resulting cost increases are coming at a time when the gap between 
needs and available resources is widening at an alarming rate, hence the need for applying health 
economic analyses as one of the tools to inform decision makers on how and where to allocate the 
limited health care resources. Health economic analyses involve careful assessment of the costs 
and benefits of adopting such standards and interventions. Whilst the use of health economic 
analyses in blood safety decision-making is evident in developed countries, its application in 
SSA remains limited. The unavailability of appropriate setting or country specific data, a major 
problem in SSA, may have been the limiting factor since health economic analyses are generally 
data intensive exercises.

This thesis presents the health economics of blood transfusion in a resource-limited setting, with 
the aim of helping decision-makers understand the cost-effectiveness of introducing a blood 
safety measure, nucleic acid testing (NAT), using decision-tree analysis. In particular, it discusses 
the chronic challenges in the collection, availability, accessibility and quality of empirical data; 
and their impact in informing health economic models and subsequently decision making relat-
ing to blood safety. The chapters in this thesis describe the various approaches undertaken and 
challenges met in collecting data required to populate a health economic model that can be 
applied to inform blood safety decision-making. It also includes a set of recommendations for 
enhancing data collection, completeness and quality in SSA. The data elements collected were 
applied in a health economic model assessing the CEA of introducing NAT in addition to 
current serological screening of blood donations in Zimbabwe.
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The blood-screening decision-tree model used in this thesis (Chapter 7) is considered conceptually 
in three parts. In the first part of the conceptual model, whole blood donations are screened for 
TTIs and processed into components/units suitable for transfusion and subsequently transfused 
into patients. The screening costs for the serology tests currently implemented in Zimbabwe are 
presented in Chapter 6. The costs for NAT screening were estimated based on supplier quotations 
and information obtained from the blood service. The second part of the model comprises of the 
total numbers of transfusion recipients, who potentially acquire HBV, HCV or HIV infections, 
estimated for each screening strategy. The risk of receiving an infected unit of blood was calculated 
from blood transfusion utilization data (Chapter 2) and the number of blood components proc-
essed from one 450 ml unit of whole blood. The third part of the conceptual model utilizes disease 
specific Markov models to estimate the outcomes using life expectancy, quality of life and healthcare 
costs, for a cohort of transfusion recipients, by incorporating disease-specific estimates of lifetime 
cost and quality-adjusted life expectancy based on patient studies (Chapters 2, 4 & 5) or published 
data. The mean age of transfusion recipients (35 years) and the in-hospital mortality used to adjust 
for life expectancy were derived from Chapter 2. The adverse events following a blood transfusion 
(Chapter 3) were not incorporated into the model because their economic burden could not be 
evaluated due to lack of information on their management. The utility weights used to adjust for 
quality of life for patients infected with HIV were derived in Chapter 4, whilst the healthcare 
costs for HIV were obtained from Chapter 5. Other parameters were derived from literature. The 
incremental cost-effectiveness ratio was US$17,780 (more than 3X GNI per capita for Zimbabwe, 
demonstrating that the introduction of ID-NAT in addition to the current serological screening 
for blood donations in Zimbabwe cannot be considered cost-effective (Chapter 7). In Chapter 
8, a systematic approach was adopted and used to review the research capacity within Zimbabwe’s 
national blood service. The review demonstrated that the NBSZ had the basic foundations for 
performing and participating in high quality research activities.

In conclusion, the studies presented in this thesis demonstrates the feasibility of various ap-
proaches which can be undertaken to collate data required to inform health economic models 
that can be used as tools to aid blood safety decision-making in resource limited settings. The 
different chapters also emphasized the need for context specific data to inform blood safety 
decision-making for a specific locality or country. It is important to note that a cost-effectiveness 
analysis is simply one of several methods used to formally compare the relative value of any new 
technology based on the mix of technologies to which the technology is judged against. There-
fore, despite the fact that our analysis showed that the introduction of ID-NAT in addition to 
serological testing cannot be considered cost-effective, the technology may still be adopted. There 
is need to perform additional assessments on contextual issues such as social or ethical concerns 
about the risk of TTIs or their management, legal, political and stakeholders’ considerations as 
these will have an impact on the decision on whether or not the additional technology should 
be introduced. These assessments and/or priorities may override health economic considerations 
leading to the adoption of ID-NAT.
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Bloedtransfusieorganisaties in ontwikkelingslanden worden geconfronteerd met een aantal uit-
dagingen die de beschikbaarheid, betaalbaarheid, toegankelijkheid en veiligheid van bloed- en 
bloedproducten bedreigen. Deze uitdagingen zijn onder andere: een inefficiënte bloedtransfusie 
voorziening; tekorten aan bloeddonaties en -transfusies; ongelijke toegang van patiënten tot 
bloedtransfusies; toenemende behoefte aan bloedtransfusies; zwakke kwaliteitssystemen, een 
hoog risico op transfusie overdraagbare infecties en onnodig gebruik van bloedtransfusies en 
bloedproducten. Deze uitdagingen bedreigen de doelstelling om universele toegang tot veilig 
bloed en bloedproducten te waarborgen. Het verbeteren van de bloedtransfusieveiligheid in 
ontwikkelingslanden op de hiervoor genoemde punten wordt vaak gehinderd door instabiele 
economieën, gebrek aan een geschikte infrastructuur, onvoldoende personele middelen en 
expertise; inadequate wetgeving; en tot slot onvoldoende leidinggevende en technologische 
capaciteiten.

Door de snelle technologische ontwikkelingen in de laatste decennia en de relatief hoge kans op 
transfusie overdraagbare infectieziekten, zien landen onder de Sahara een toenemende interne 
en mondiale druk om hoogwaardige technologieën te importeren. Echter, de introductie van 
geavanceerde technologieën om de veiligheid van bloedtransfusies en bloedproducten te ver-
groten leidt vaak tot een stijging van de productiekosten. Dit komt doordat deze technologieën 
moeten voldoen aan strenge wettelijke eisen die gelden in ontwikkelde economieën. Daarnaast 
vereisen dergelijke geavanceerde technologieën een hoogstaand kwaliteitsmanagement. De 
daaruit voortvloeiende kostenstijging komt op een moment dat de kloof tussen de behoeften en 
de beschikbare middelen in een alarmerend tempo aan het toenemen is. Vandaar de noodzaak 
voor het toepassen van gezondheid-economische evaluaties als één van de instrumenten om 
beleidsmakers te informeren op welke wijze de schaarse middelen zo goed mogelijk ingezet kun-
nen worden in de gezondheidszorg. Hoewel gezondheid-economische evaluaties in ontwikkelde 
economieën betrokken worden bij de besluitvorming rondom de introductie van maatregelen 
die de bloedtransfusieveiligheid bevorderen, is toepassing ervan in landen beneden de Sahara 
beperkt. Helaas zijn in landen beneden de Sahara de data die nodig zijn voor het uitvoeren van 
gezondheid-economische evaluaties zeer moeilijk te verkrijgen of meestal niet beschikbaar. Dit 
zou een beperkende factor geweest kunnen zijn voor het uitvoeren van gezondheid-economische 
evaluaties omdat dit in de regel data intensieve berekeningen zijn.

Dit proefschrift beschrijft de gezondheidseconomie van de bloedtransfusieveiligheid in een 
ontwikkelingsland. Het uiteindelijke doel is beleidsmakers te informeren over de kosteneffec-
tiviteit van nucleïnezuur testen (Nucleic Acid Testing; NAT) om overdracht van HBV, HCV 
en HCV door bloedtransfusies te verminderen. In het bijzonder wordt ingegaan op de lastige 
en continue uitdaging van het toegang krijgen tot, vergaren van en de kwaliteit van de data 
die nodig is voor gezondheid-economische evaluaties. Vervolgens wordt ingegaan op wat de 
gevolgen zijn van de beperkingen van de data op de resultaten van de gezondheid-economische 
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evaluaties en de besluitvorming rondom maatregelen die bloedtransfusieveiligheid bevorderen. 
De hoofdstukken in dit proefschrift beschrijven de verschillende benaderingen die ondernomen 
zijn om de data te verzamelen die nodig zijn om een gezondheid-economisch model te infor-
meren. In het proefschrift wordt ook een aantal aanbevelingen gegeven op welke manier het 
verzamelen van data en de kwaliteit daarvan zou kunnen worden verbeterd. Zoals aangegeven, 
worden alle dataverzamelingen en onderzoeken in dit proefschrift gebruikt om de kostenef-
fectiviteit van NAT naast serologische screeningstrategie ten opzichte van alleen serologische 
screening te bepalen specifiek in Zimbabwe.

De beslisboom die gebruikt is om de kosteneffectiviteit van NAT in Zimbabwe te bepalen 
(Hoofdstuk 7) is conceptueel te onderscheiden in drie delen. In het eerste conceptuele deel, 
worden bloeddonaties gescreend op transfusie overdraagbare infectieziekten en verwerkt in com-
ponenten die als transfusie worden toegediend aan patiënten. De screeningskosten voor de se-
rologische testen, als onderdeel van de totale productiekosten van een transfusie, zijn beschreven 
in Hoofdstuk 6. De kosten van NAT werden bepaald op basis van offertes van leveranciers 
en informatie uit de bloedtransfusieorganisatie. Het tweede deel van het conceptuele model 
bestaat uit het aantal transfusie ontvangers, oftewel patiënten, die een kans hebben om door een 
transfusie met HBV, HCV en HIV geïnfecteerd te worden. Deze kans om geïnfecteerd te raken 
is afhankelijk is van de screeningsstrategie. De kans om een geïnfecteerde eenheid te krijgen was 
berekend op basis van het gebruik van bloedtransfusies in de ziekenhuizen (Hoofdstuk 2). Deze 
kans werd gecorrigeerd voor het aantal bloedcomponenten dat uit één donatie werd bereid. De 
bijwerkingen na een bloedtransfusie (Hoofdstuk 3) werden niet opgenomen in het model, omdat 
de kosten van deze bijwerkingen niet kon worden geëvalueerd door een gebrek aan informatie 
over de behandeling daarvan. In het derde deel van het conceptuele model worden de uitkom-
sten voor een cohort bloedtransfusie ontvangers bepaald. Hiervoor worden levensverwachting, 
kwaliteit van leven en kosten van de gezondheidszorg voor een cohort bloedtransfusieontvangers 
bepaald door ziekte specifieke kosten en kwaliteit gecorrigeerde levensverwachting te berekenen 
op basis van patiënten-studies (Hoofstukken 2, 4, en 5) en gepubliceerde data. De gemiddelde 
leeftijd van transfusieontvangers en de overleving na een ziekenhuisopname die werden gebruikt 
om de levensverwachting te berekenen zijn afgeleid van de studie beschreven in Hoofdstuk 2. De 
bepaling van utiliteiten voor patiënten die geïnfecteerd zijn met HIV is beschreven in Hoofdstuk 
4.  De kosten van een HIV-infectie zijn beschreven in Hoofdstuk 5. Andere parameters werden 
afgeleid uit de literatuur. De incrementele kosteneffectiviteitsratio was US$17,780/QALY. Dit 
was meer dan 3x het Bruto Nationaal Inkomen per hoofd van de bevolking voor Zimbabwe, 
waaruit blijkt dat de invoering van ID-NAT in aanvulling op de huidige serologische screening 
voor bloeddonaties in Zimbabwe niet kan worden beschouwd als kosteneffectief (Hoofdstuk 7). 
In Hoofdstuk 8, werd een systematische aanpak gebruikt om de onderzoekscapaciteit binnen de 
nationale bloedtransfusieorganisatie van Zimbabwe te evalueren. Synthese van de informatie uit 
de interviews lieten zien dat de bloedtransfusieorganisatie van Zimbabwe meer moest doen aan 
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de disseminatie van onderzoek. Tevens is het nodig om de banden met de academie te versterken 
voor het gezamenlijk opzetten van projecten en werven van fondsen.

Concluderend, de studies die in dit proefschrift zijn beschreven, laten de haalbaarheid zien van 
verschillende benaderingen die gekozen kunnen worden om de data samen te stellen die nodig 
zijn om een gezondheid-economisch model te informeren. Resultaten verkregen uit evaluaties 
met dit model kunnen vervolgens worden gebruikt om beleidsmakers te helpen met het nemen 
van beslissingen omtrent het invoeren van bloedtransfusieveiligheid vergrotende maatregelen. 
De verschillende hoofdstukken laten zien dat het uitermate belangrijk is om context specifieke 
data te verzamelen voor een land of een regio. Tevens is het belangrijk te benadrukken dat 
kosteneffectiviteitsanalyse slechts één van de verschillende methoden is om formeel de relatieve 
waarde van een nieuwe technologie te bepalen ten opzichte van andere. Derhalve, ondanks dat 
NAT in onze analyse niet kosteneffectief is, kunnen beleidsmakers in Zimbabwe er toch toe 
besluiten NAT te introduceren. Het is nodig aanvullende analyses uit te voeren naar sociale en 
ethische drijfveren samen met juridische, politieke overwegingen van beleidsmakers die een rol 
spelen in het nemen van een besluit om het risico transfusie overdraagbare infecties te verminde-
ren met een nieuwe technologie.  Deze drijfveren en overwegingen kunnen ertoe leiden dat een 
hoge ratio tussen de netto kosten en netto effecten wordt geaccepteerd. 
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