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absTRaCT

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

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

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

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

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

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

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

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

MeTHoDs

Model overview

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

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

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

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

Blood donation

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

Blood screening

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

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

and HIV.

Residual risk of HBV, HCV and HIV transmission

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

Screening costs

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

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

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

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

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

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

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

base case

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

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

implementation of these strategies. The introduction of

ID-NAT, in addition to the serological screening currently

implemented in Zimbabwe to detect HBV, HCV, and HIV

infections in blood donors, will further reduce the window

period and lower the risk of viral transmission through

blood transfusion. This will subsequently result in an

increase in the number of viral transmissions prevented

and health outcomes (QALYs) gained. Although there is

evidence of substantial benefits derived from the intro-

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

increase in costs, particularly for screening (an incremen-

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

get impact should be carefully considered by NBSZ and

policymakers, particularly in relation to the financial

impact and sustainability of introducing a new screening

intervention for TTIs. Although desirable, the implemen-

tation of NAT in Zimbabwe will result in a significant

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

is already considered expensive and unaffordable by the

public-sector hospitals. This may result in reduced access

to blood transfusions and further challenge meeting the

United Nations Development Programme agreed Millen-

nium Development Goals. The identification of funding

sources and mechanisms that could ensure long-term

sustainability is an important step toward ensuring the

successful implementation of NAT.

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

addition to the current serological screening, given the

variables and underlying assumptions used, is more than

three times the GNI per capita threshold in Zimbabwe

and is considered cost effective by the WHO. Currently,

the implementation of this additional screening strategy

cannot be considered as cost effective in Zimbabwe. As

highlighted above, improvements in screening blood don-

ations do not compare favorably with other health care

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

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

Screening strategies HIV HCV HBV
Net costs in
million $ QALYs

Cost saving:
ICER

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

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

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

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

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

212
(164-267)

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

CI5 confidence interval; UI5uncertainty interval; Ab5antibody.

Serology

ID-NAT + Serology

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

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

(US$2808) for Zimbabwe.

MAFIRAKUREVA ET AL.

6 TRANSFUSION Volume 00, Month 2016

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

Sensitivity analyses

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

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

DIsCUssIon

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

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



129

Cost-effectiveness of adding Nucleic Acid Testing

6

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

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

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

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

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