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Abstract

Background and objectives: Currently HTLV screening is not performed in South Africa 

(SA). This report describes an economic assessment (budget impact and cost-effectiveness) of 

implementing different HTLV screening strategies

Methods: A modified version of the Alliance of Blood Operators risk-based decision-making 

framework was used to assess the risk and consequences of HTLV in the blood supply in SA. We 

developed a deterministic model of the cost and consequences of four screening strategies: none, 

universal, all donors once, and first time donors only assuming a transfusion-transmission (TT) 

efficiency of 10% and a manifestation of clinical disease of 6%

Results: Unscreened blood results in 3.55 symptomatic TT-HTLV cases and a total health care 

cost of Rand (R)3,446,950 (US Dollars (USD)229,800) annually. Universal screening would cost 

R24,000,000 (USD1,600,000) per annum and prevent 3.54 (99.8%) symptomatic TT-HTLV cases 

in the first year and 0.55 (98.4%) symptomatic TT-HTLV cases in the second year at a cost per TT-

HTLV prevented of R6,780,000 (USD450,000) in year one and R43,254,000 (USD2,890,000) in 

year two. Screening all donors once would cost R16,200,000 (USD1,080,000) or R4,600,000 

(USD306,000) per symptomatic TT-HTLV infection prevented in year one. Total costs decrease to 

R5,100,000 (USD340,000) in year 2 but the cost per TT-HTLV prevented increases to 

R10,700,000 (USD713,333).

Conclusion: This analysis contributed to the decision not to implement HTLV screening as the 

health care budget and particularly the budget for blood transfusion in SA is insufficient to provide 

appropriate treatment. Arguably, available resources can be more efficiently utilized in other health 

care programs.

Corresponding authors address: The South African National Blood Service, 1 Constantia Boulevard, Constantia Kloof, Roodepoort 
1715, Marion.vermeulen@sanbs.org.za, Tel: 0117619200.
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INTRODUCTION

Human T-cell lymphotropic virus (HTLV) is transmitted by sexual intercourse, blood 

transfusion, injection drug use and vertical transmission via breastfeeding. As the virus is 

transmitted sexually and through breast milk, positive individuals are advised to disclose 

their status to their sexual partners and for women not to breast-feed. HTLV-1 infections 

may progress to two serious diseases, adult T-cell leukaemia (ATL) or HTLV-1 associated 

myelopathy (HAM). Globally, approximately 20 million people are estimated to be infected 

with the HTLV-1 virus of whom 95% remain asymptomatic for life.[1, 2]

In South Africa private and public healthcare systems exist in parallel with more than 80% 

of the population served by the public system which faces extreme resource constraints[3], 

such as significant unemployment, and a small tax base from which to fund healthcare. In 

2015, the national treasury allocated R36 billion (US Dollars (USD) 2.4 billion) for the 46 

million people who access public health services [R782.00 (USD52.00) per person per 

annum]. The South African National Blood Service (SANBS) supplies blood products to all 

hospitals in South Africa, except for those in the Western Cape Province. The majority of 

blood that SANBS provides goes to the public health care sector. The WHO guidelines for 

preventing transfusion-transmitted infection (TTI) through blood screening are:

“Each country should have a national policy on blood screening, incorporated into 

the national blood policy that defines national requirements for the screening of all 

whole blood and apheresis donations for TTIs. The policy should define mandatory 

screening for specific infections and their markers and screening for other TTIs, 

based on national epidemiological data on blood borne pathogens. It should also 

outline the measures that will be taken to ensure that all screening is performed in 

the context of effective, quality-managed blood transfusion services and the 

consistent provision and most efficient use of available resources”.[4]

HTLV-1/2 screening is not mandated in South Africa. Recently, SANBS had one highly 

suggestive case of transfusion-transmitted (TT) HTLV.[5]

A number of countries have questioned the cost-effectiveness of screening donations for 

HTLV considering the amount of resources required to prevent a small number of infections 

over a long time horizon especially when health care budgets are constrained.[6] In Norway, 

the cost of testing all new donors was estimated at US$ 9.2 million per life saved or US$ 

420,000 per quality adjusted life year (QALY) gained.[7] More recently, Australia, UK and 

Canada have sought to implement a test first-time donors only strategy.[8–10]

We used a modified Alliance of Blood Operators (ABO) risk-based decision-making 

framework (RBDM) [11] to assess the risk and estimated consequences of HTLV in the 

blood supply in South Africa. The assessment took a limited scope and did not use all 

recommended parts of the RBDM. Specifically, a formal stakeholder engagement 

assessment was not conducted. Three decision drivers were identified; 1) Patient safety: a 

sustainable blood supply that protects recipients, 2) Economic factors: The appropriate 

allocation of finite resources within the health care system and 3) Social context: The 

psychological impact on an HTLV positive donor. These decision drivers lead to the 
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development of a risk assessment question “What HTLV screening strategy should be 

adopted by SANBS to mitigate the risk of TT-HTLV to patients, achieve the best use of 

finite health funds in the country and limit psychological impact to blood donors?” The 

Blood safety, Health economics, Budget impact and simplified cost-effectiveness, 

Operational risk and Ethical and Social concern/trust assessments were applied. The latter 

two are presented in the supplement and the HTLV seroprevalence study results are reported 

separately.[12] Briefly, in the seroprevalence study an overall South African donor 

HTLV-1/2 prevalence of 0.062% was found.

The objectives of this assessment were a budget impact and a short-term time horizon cost-

effectiveness analysis to understand health benefits that could accrue. Four different risk 

management options were evaluated: universal HTLV screening of all donations, one-time 

screening of each donor (i.e. all donors once and then only first time donors thereafter), 
screening of first time donors only, or no screening for HTLV.

MATERIAL AND METHODS

Overview

The results of the HTLV seroprevalence study[12], intervention and treatment costs and TT 

efficiency data were used to estimate the economic implications of the four different 

strategies. We conducted a budget impact and cost-consequence analysis in terms of 

infections and disease prevented in recipients, but did not conduct a cost-utility analysis 

because health state preference weights (utilities) for HTLV infection are not available for 

South Africa or similar countries. The baseline analysis year was 2015. We used a healthcare 

payer/funder perspective rather than societal perspective because of the unavailability of data 

to fully account for all costs incurred in the public and private healthcare sectors in South 

Africa.

Health Economic Model Structure

A Microsoft Excel spreadsheet model was developed in which the number of donors, whole 

blood and apheresis donations, number of red blood cell (RBC), and 5-donation pooled 

buffy coat platelets issued annually were enumerated.

Donation Screening

In a seroprevalence study[12], we evaluated interventions where donation screening is 

conducted using a chemiluminescent immunoassay (ChLIA) (Abbott, Pleasanton, CA, 

USA), with confirmation testing performed using InnoLIA (Innogenetics, Ghent, Belgium). 

Confirmed positive donors are assumed to be notified, counselled and referred for clinical 

management. For HTLV disease progression in blood recipients only the two most severe 

diseases, ATL and HAM, were considered.

Probability Variables

The prevalence of HTLV in blood donations made to SANBS during 2013 was 0.062% 

which is equal to the probability of a donor being infected of 0.00062 which we used for the 

first time a donor is tested in the model. Incidence in an Australian study was reported to be 
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186 fold lower than the prevalence.[13] In Canada incidence in 2010 was reported to be 110 

fold lower than prevalence [14]. No incident infections were detected over 20 years of 

testing in the UK[8] and in the USA, incidence was 25 fold lower than the prevalence.[15] 

Although Australia, UK and Canada report such low incidence we assumed with a higher 

prevalence in our donors the probability of a previously screened HTLV-negative donor 

becoming infected (incident infection) to be closer to the USA and chose a 40-fold lower or 

0.000016. From the reported 51 day HTLV window period[9] and published 
information[16] we assumed that universal screening would not detect 100% of 
infected donations, and that the residual risk was 10-fold lower than the incidence i.e. 

0.00000155. (Table 1) The equations used to determine the number of infected donations 

and products, the number of detected donations and remaining infected products for each 

screening strategy are documented in the supplement.

The transmission of HTLV by blood transfusion in non-leukoreduced blood components is 

reported to be between 35% and 65%.[2] However, several factors may reduce the risk of 

transmission, including: age of the blood product at time of transfusion, cold storage, buffy 

coat reduction of red cells and leukodepletion.[16] A retrospective study in the UK 

estimated an HTLV transmission rate through either leukoreduced or buffy coat reduced red 

cells at 1%.[17] For this model a transmission rate of 10% was assumed. SANBS buffy-coat 

reduces all donations and further leukoreduces 16% of donations and has had one highly 

suggestive case of TT-HTLV in the last 12 years. Due to consistent shortages of blood in 

South Africa, the majority of red blood cells are transfused within 7 days. We therefore 

modelled a worst case scenario assuming all red cell and platelet products were transfused 

during the infectious period.

Recipients of blood products are by definition a group with significant morbidity and the 

PROTON study confirms a five-year post-transfusion survival rate of ~50%[18]. Post-

transfusion survival data are not available for South Africa. In South Africa, 95% of patients 

receive red blood cells with or without other components and 5% receive platelets only. 

Therefore, we estimated the weighted annual probability of dying after transfusion during 

the five-year period to be 0.10753. We therefore reduced the cost of patient care by 10%. In 

this model we estimated TT by unit transfused rather than by patient.

HTLV Outcomes

Outside of TT infection, ATL develops in 2-4% of patients with HTLV over 20 years with a 

26% survival rate after three years.[19] The lifetime probability for individuals of 

developing HAM is 0.25-4% after 20 years.[16] There is evidence to suggest this period 

may be as short as 3 months following TT infection.[20, 21] There is no specific evidence to 

support a higher mortality rate for patients with HAM. Although we could only find 2 cases 

of TT-HTLV that resulted in ATL in the literature [22] and neither HAM or ATL are likely to 

occur in year one, we chose to use a 6% probability of clinical manifestation to ensure 

potential clinical outcomes were included in the analysis.
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Costs

Analyses are reported in South African Rands (R) in the text and both R and US dollars [US

$] in the tables. An exchange rate of R15.00 = $US 1 was used. The following costs were 

included in the model: 1) cost of screening donations for HTLV, 2) cost of counselling 

HTLV-confirmed positive blood donors, 3) cost of treatment for ATL, and 4) cost of 

treatment for HAM. (Table 1 and for a detailed breakdown please see tables 1 and 2 in the 

supplement)

A cost of R25.00 per donation was used for HTLV screening by ChLIA with an incremental 

increase when screening only first time donors to R40.00 and a cost of R527.00 per 

confirmatory test. Donation screening costs include the cost of false positives but exclude 

the minimal labor costs as HTLV testing would be performed in parallel with serology 

testing for HIV, HBV and HCV.

We estimated the total blood service cost to counsel a HTLV positive donor to be R2,625.00 

(Table 1 supplement). This estimate includes staff time and resources for contacting and 

recalling donors.

Costs of ATL treatment were separated into first year, initial treatment for symptomatic 

illness and the following years (Table 2 supplement). The preferred initial treatment is bone 

marrow transplant, followed by conventional chemotherapy if the patient relapses. Bone 

marrow transplant and follow-up chemotherapy costs for one year were approximated at 

R1,500,000.00 and R300,000.00 respectively.(personal communication Olivier, D Health 

economist)

There are little published data on the cost of care for HAM. Patients differ in severity. We 

estimated an average single cost for HAM of R236,733.00 per annum. (personal 

communication Olivier, D Health economist). We portioned the costs as per the rate of 

ATL/HAM manifestation.

The model estimated the number of HTLV infected donations in the blood supply, the 

probability of TT and the number of clinically apparent infections for a two-year period for 

each of the four strategies. The total cost of each strategy was estimated using intervention 

and treatment costs. The costs per HAM/ATL clinical infection prevented were calculated.

Sensitivity Analysis

For each parameter in the model a one way sensitivity analysis was performed The two 

parameters which had a large influence on the model; prevalence of HTLV infection and 

transmission efficiency were tested in a two way sensitivity analysis using a range of 0.55% 

- 1% prevalence and 1% - 25% transmission efficiency.

RESULTS

HTLV infected units in blood supply

During 2015, SANBS collected 816,066 blood donations from 388,648 blood donors of 

which 109,571 were donated by first time donors. Table 2 shows the breakdown RBC, 
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apheresis and 5-pool buffy coat platelets issued. We estimate that without implementing 

HTLV screening 504.5 undetected HTLV seropositive donations from 241 blood donors 

would enter the blood supply leading to 592 infected blood components annually. 

Implementing universal screening, screening all donors once, or screening first time donors 

only will interdict 503 (99.7%), 499 (98.8%) and 68 (13.5%) of the 504 infected donations, 

respectively, leaving a possible 1.5 (0.25%), 7 (1.2%) and 514 (86.5%) unidentified infected 

blood products in the blood supply. In the second year of screening all donors once the 
unidentified infected blood products would increase to 14 (14.9%) and when 

implementing a universal screening strategy, the number of infected donors will decrease to 

79 due to permanent deferral of the blood donors who previously tested positive.

TT-HTLV and health care costs

Assuming a TT efficiency of 10% and a clinical manifestation of 6% of all TT-HTLV, we 

estimate that unscreened blood would result in 3.55 clinical cases of TT-HTLV disease 

annually with a total health care cost estimated to be R3,400,000 consisting primarily of 

treatment costs (Table 2). A universal donation screening strategy would prevent 3.54 

(99.8%) and 0.55 (98.4%) clinical cases in year one and two respectively leaving 0.009 

clinical disease events annually. The one-year cost of screening is estimated to be 

R24,000,000, however the cost per clinical TT-HTLV infection avoided increases 6-fold 

from R6,800,000 in year one to R43,000,000 in year two. Screening all donors once would 

prevent 3.51 (98.8%) clinical cases in year one and 0.48 (84.8%) clinical cases in year two, 

leaving 0.04 clinical TT-HTLV cases in year one at a total cost of R16,200,000 or 

R4,600,000 per clinical TT-HTLV infection prevented (Table 2). In year two the clinical TT-

HTLV cases increase to 0.09. The total costs decrease to R5,100,000 but the cost per clinical 

TT-HTLV prevented increases to R10,700,000. Screening first time donors only will prevent 

0.48 (13.5%) clinical TT- HTLV annually leaving 3.07 clinical TT-HTLV cases at a total 

cost of R7,900,000 or R16,440,000 per preventable clinical TT-HTLV infection.

Sensitivity Analysis

First we conducted a one way sensitivity analysis on each parameter, the result of which are 

in Table 3. Secondly, we conducted a two way sensitivity analyses on the most uncertain 

parameters in the model, the prevalence and transmission efficiency. If the transmission 

efficiency is increased to 25% and the prevalence increases to 1%, the total costs increase 

40-fold to R139,000,000 if no screening is implemented, primarily to treat clinical TT-

HTLV cases which increase to 143 cases per annum. Increased transmission efficiency and 

prevalence improves the cost-effectiveness for all the screening strategies (Table 4). When 

we reduce the transmission efficiency to 1% as described in the UK study and the prevalence 

to 0.055%, the cost of not screening is 78 fold cheaper than universal screening which will 

prevent 0.31 clinically apparent TT-HTLV cases from entering the blood supply at a cost of 

R75,760,000 per preventable case.

Assuming a similar 50% survival over five years for HAM as for blood transfusion 

recipients, treatment may last for many years with the accumulated treatment costs become 

increasingly influential.
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DISCUSSION

We estimate that implementing universal screening for HTLV in the first year would prevent 

3.54 clinical TT-HTLV cases at a total cost of R24,000,000 compared to a total estimated TT 

infection treatment cost of R3,450,000 if screening is not implemented. Screening all donors 

once reduces the annual cost by a third in year one and 5-fold in the second and subsequent 

years, but increases the remaining clinical infections 10 fold from 0.009 for universal 

screening in year 1 to 0.09 in year two with progressively more TT-HTLV events in 

subsequent years.

No single cost-effectiveness threshold is applicable to all countries, and determining a local 

cost-effectiveness threshold is complex. The WHO suggests using 3-times the Gross 

Domestic Product (GDP) per person of a country to define a ‘cost-effective’ threshold.[23] 

The WHO 3-times the GDP threshold is not necessarily used to make adoption decisions, 

and in many countries some medical treatments and also blood safety interventions are 

adopted which exceed the 3-times the GDP value, while other interventions which are less 

than this value may not be implemented. During 2015, 3-times the GDP per capita in South 

Africa was R260,000 ($17,300) which would define all of the results described for testing 

blood donations in South Africa for HTLV as not cost-effective. In contrast, Viscusi and 

Masterman[24] recommend using the value of a statistical life (VSL) for cost-effectiveness 

analysis. Income levels, life expectancies, and social norms regarding risk and death 

determine a nation’s VSL. The reported VSL for South Africa is R15,840,000 ($1,056,000).

[24] In this analysis, we estimated that implementing universal donation screening for HTLV 

in the first year would cost R6,800,000 per clinical disease avoided, i.e. cost-effective using 

a VSL threshold. However in the subsequent years it increases 6 fold to R43,253,700 and 

would no longer be classified as cost-effective using the VSL threshold. A strategy of 

screening all donors once would be classified as cost-effective using the VSL threshold but 

would not using the 3X GDP threshold. Moreover South Africa has the largest HIV positive 

population globally with 7 million people currently living with HIV and to achieve the 

90-90-90 plan of test, treat and suppress, funding for HIV is expected to be more than R25 

billion this year. Concurrently the Government is in the process of planning the 

implementation of the national health insurance to alleviate the poor conditions of the public 

sector, which will also require serious funding.

Stigum et al compared cost effectiveness for different pathogens, at a prevalence of 10 per 

100,000 for HTLV or HIV, they determined that HTLV screening would result in a net cost 

increase while HIV screening would result in a net cost saving.[7] In our seroprevalence 

study we found a prevalence of 62 per 100,000 suggesting that the cost-effectiveness in year 

1 would be 6-fold better than in Norway, however in subsequent years when the prevalence 

is assumed to decrease after screening out HTLV positive repeat donors, the cost 

effectiveness will become similar to the results reported in Norway.

In comparison in South Africa, the HIV prevalence is 210 per 100,000. A cost-effectiveness 

analysis of testing for HIV, HBV, and HCV in South Africa with no testing in place 

estimated that 6830, 790, and 109 HIV, HBV, and HCV infections would enter a 1-million 

unit blood supply. The use of serology and individual donation nucleic acid testing reduced 
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the number of predicted infections to 26, 18, and 0.3, respectively.[25] The model 

assumptions were a worst-case and TT HIV and HBV are much lower than estimated in this 

analysis.[26, 27] Using health state preference weights not measured in South Africa, ID-

NAT had an incremental cost-effectiveness of R418,995 (US$27,933) per QALY gained for 

HIV, HBV, and HCV compared to serology alone.[25] This result for HIV, HBV, and HCV 

ID-NAT exceeds the 3-times the GDP threshold for South Africa, but is well below the VSL 

threshold.

A strategy of screening all blood donors once and then testing first time donors has the 

benefit of being 1.5-fold more cost-effective, but repeat donors with incident HTLV 

infections will not be detected. From our analysis, we estimated 14 incident cases per 

annum. This may be overestimated as we assumed an incidence ratio of 1:40 of the 

prevalence far higher than that reported in Australia [10], Canada [14] and in the UK[8] . 

Eleven percent of SANBS donors are under the age of 18 and 80% are under the age of 50, 

we showed in our seroprevalence study that HTLV prevalence increases with age with 50+ 

donors being 6.4 times more likely to be HTLV positive than their younger counterparts 

most probably due to an increased number of exposures through life. In addition, in future 

years, as prevalent infections are screened out by any of the three screening strategies the 

cost-effectiveness will become increasingly less favorable unless there is a significant new 

burden of incident HTLV infection in the donor base.

The NHS in the UK published a HTLV lookback study in 2013. Implementation of HTLV 

screening in 2002 led to the identification of 437 HTLV-positive historic donations.[17] 

These donations were either leukoreduced (284), buffy-coat reduced (60) or non-

leukoreduced (93). Six potential TT infections were identified of which five were from non-

leukoreduced red cell products and one was from a leukoreduced product (OR 0.027; 

P<0.001). The potential TT-HTLV involving the leukoreduced product was not confirmed 

with phylogenetic sequencing and the recipient was noted to be at high risk for acquiring 

HTLV infection through other routes. SANBS uses a buffy-coat reduced method to prepare 

all red blood cells products. This may explain the lower than expected number of reported 

cases of TT-HTLV in South Africa considering the observed HTLV seroprevalence. Another 

reason could be under-reporting of HTLV infection due to either poor reporting structures or 

inability to link infection to a transfusion received many years earlier.

More recently it has been reported that 9x104 infected leukocytes are required to cause TT-

HTLV and that in an asymptomatic blood donor approximately 2% of the donors leukocytes 

would be infected [28]. Therefore an HTLV infected blood product would require 4.5x106 

leukocytes to transmit HTLV. Historically, non-leukoreduced RBC which have 

approximately 6x109 leukocytes, were reported to have a transmission efficiency of 

35-65%[2]. Quality control testing of 1% of the SANBS buffy-coat reduced RBC’s reported 

a mean of 9.6x108 leucocytes per RBC, 6-fold lower than non-reduced products. We 

therefore estimated that the transmission efficiency is closer to 6%-11%. For the model we 

assumed 10%, and used a range of 1%-25% in sensitivity analyses.

A major challenge with screening blood donors is the long latent, asymptomatic phase of the 

infection which can last a lifetime for 94% of individuals and up to 20 years for the 6% of 
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individuals who develop clinical disease. Blood transfusion services are obliged to inform 

blood donors if they test positive for any pathogens. For HTLV, this process is complicated 

by the significant psycho-social issues raised by an infection which has no curative 

treatment, is sexually and vertically transmitted, may require life-long annual screening tests 

and procedures for early identification of disease progression and disclosure of a sexually 

transmitted disease to past, current and future sexual partners as well as to children who may 

be at risk of the infection.[29]

There are a number of limitations in this study. Firstly, we assumed a patient survival rate of 

50% after five years using the PROTON study data[18] however this information is not 

known in the South African context (survival may be worse given South Africa’s disease 

burden and poorly resourced healthcare services.) However, 69% of the blood at SANBS is 

issued to the public sector where the majority of transfusion recipients are between 21 and 

40 years old. In contrast, the majority of transfusion recipients in the private sector are older, 

between 51 and 80 years of age; similar to patients in high human development index 

countries.[30] Therefore it is possible that the survival rate, especially among the younger 

recipients in the public sector, could be higher than 50%, which would result in a more cost-

effective intervention than modelled here although it showed very little difference in the 

sensitivity analysis. Secondly, the model is structured so that each blood recipient receives a 

single blood product, and does not account for the transfusion of multiple components. On 

average 2.39 and 2.16 red blood cells are transfused per transfusion event in the private and 

public sectors, respectively. This assumption simplifies the model and also leads to the 

highest count for the total number of TT-HTLV infections in recipients, but the probability 

of a recipient receiving two products that are HTLV positive would be negligible.

A third limitation not accounted for is that, South Africa has the largest HIV population 

globally with in-hospital HIV prevalence reported as high as 50%,[3] and transfusing 

HTLV-1 to HIV-1 positive patients may worsen both HIV-1 and/or HTLV disease with 

increasing risk for development of neurological complications including HAM, leukemia 

and lymphoma.[31, 32] In contrast HTLV-2 co-infection may confer an immunological and 

survival benefit with little evidence of neurological disease and malignancy.[33] We found in 

our prevalence study that all of our HTLV cases were HTLV-1.

We show in our analysis the significant economic implications of implementing either a 

universal or a first time donor only strategy for HTLV screening. While there are several 

ethical considerations to consider and prevention of TT infections remains a critical aspect 

of blood safety, at an annual screening cost of R24,000,000, we believe resources could be 

better utilized in preventative and primary health care programs. Such programs have the 

potential of improving the health status of larger numbers of the South African population as 

compared to HTLV screening of blood donations. At this time, SANBS has not implemented 

HTLV screening of the blood supply. Surveillance of donors and patient outcomes studies 

for HTLV should continue to be conducted so that this decision can be re-evaluated on an 

ongoing basis with contemporary data.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We would like to thank Professor Edward Murphy for providing a thorough review of the draft manuscript

REFERENCES

1. Gessain A, Cassar O: Epidemiological Aspects and World Distribution of HTLV-1 Infection. Front 
Microbiol 2012; 3: 388. [PubMed: 23162541] 

2. Proietti FA, Carneiro-Proietti AB, Catalan-Soares BC, et al.: Global epidemiology of HTLV-I 
infection and associated diseases. Oncogene 2005; 24: 6058–68. [PubMed: 16155612] 

3. Kevany S, Benatar SR, Fleischer T: Improving resource allocation decisions for health and HIV 
programmes in South Africa: Bioethical, cost-effectiveness and health diplomacy considerations. 
Glob Public Health 2013; 8: 570–87. [PubMed: 23651436] 

4. Anon-WHO: Screening of donated blood for transfusion transmissible infections; Recommendations 
to blood transfusion services. . (bookorders@whoint) 2010.

5. Hoosain P, Bhigjee AI: Health policy implications of blood transfusion-related human T-cell 
lymphotropic virus type 1 infection and disease. South African Journal of Infectious Diseases 2015; 
30: 145–6.

6. Laperche S, Worms B, Pillonel J, et al.: Blood safety strategies for human T-cell lymphotropic virus 
in Europe. Vox sanguinis 2009; 96: 104–10. [PubMed: 19076337] 

7. Stigum H, Magnus P, Samdal HH, et al.: Human T-cell lymphotropic virus testing of blood donors 
in Norway: a cost-effect model. International journal of epidemiology 2000; 29: 1076–84. 
[PubMed: 11101551] 

8. group JHW: Options for HTLV screening with the UK Blood Services Options for Human T-
Lymphotropic Virus (HTLV) screening within the UK Blood Services. https://
wwwtransfusionguidelinesorg/document-library/options-for-human-t-lymphotropic-virus-htlv-
screening-with-the-uk-blood-services-updated-october-2015-r; (Accessed 24/11/2018).

9. O’Brien SF, Yi QL, Goldman M, et al.: Human T-cell lymphotropic virus: A simulation model to 
estimate residual risk with universal leucoreduction and testing strategies in Canada. Vox sanguinis 
2018; 113: 750–9. [PubMed: 30393990] 

10. Styles CE, Seed CR, Hoad VC, et al.: Reconsideration of blood donation testing strategy for 
human T-cell lymphotropic virus in Australia. Vox sanguinis 2017; 112: 723–32. [PubMed: 
28960337] 

11. Custer B, Janssen MP, Alliance of Blood Operators Risk-Based Decision-Making I: Health 
economics and outcomes methods in risk-based decision-making for blood safety. Transfusion 
2015; 55: 2039–47. [PubMed: 25855475] 

12. Vermeulen M, Sykes W, Coleman C, et al.: The prevalence of human T-lymphotropic virus type 1 
& 2 (HTLV-1/2) in South African blood donors. Vox sanguinis 2019.

13. Styles CE, Hoad VC, Seed CR: Estimation of human T-lymphotropic virus incidence in blood 
donors from observed prevalence. Vox sanguinis 2018.

14. O’Brien SF, Goldman M, Scalia V, et al.: The epidemiology of human T-cell lymphotropic virus 
types I and II in Canadian blood donors. Transfus Med 2013; 23: 358–66. [PubMed: 23859527] 

15. Chang YB, Kaidarova Z, Hindes D, et al.: Seroprevalence and demographic determinants of human 
T-lymphotropic virus type 1 and 2 infections among first-time blood donors--United States, 
2000-2009. J Infect Dis 2014; 209: 523–31. [PubMed: 24068702] 

16. Murphy EL: Infection with human T-lymphotropic virus types-1 and −2 (HTLV-1 and −2): 
Implications for blood transfusion safety. Transfus Clin Biol 2016; 23: 13–9. [PubMed: 26778839] 

Vermeulen et al. Page 10

Vox Sang. Author manuscript; available in PMC 2020 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://wwwtransfusionguidelinesorg/document-library/options-for-human-t-lymphotropic-virus-htlv-screening-with-the-uk-blood-services-updated-october-2015-r
https://wwwtransfusionguidelinesorg/document-library/options-for-human-t-lymphotropic-virus-htlv-screening-with-the-uk-blood-services-updated-october-2015-r
https://wwwtransfusionguidelinesorg/document-library/options-for-human-t-lymphotropic-virus-htlv-screening-with-the-uk-blood-services-updated-october-2015-r


17. Hewitt PE, Davison K, Howell DR, et al.: Human T-lymphotropic virus lookback in NHS Blood 
and Transplant (England) reveals the efficacy of leukoreduction. Transfusion 2013; 53: 2168–75. 
[PubMed: 23384161] 

18. Borkent-Raven BA, Janssen MP, van der Poel CL, et al.: The PROTON study: profiles of blood 
product transfusion recipients in the Netherlands. Vox sanguinis 2010; 99: 54–64. [PubMed: 
20202179] 

19. Tanosaki R, Tobinai K: Adult T-cell leukemia-lymphoma: current treatment strategies and novel 
immunological approaches. Expert review of hematology 2010; 3: 743–53. [PubMed: 21091150] 

20. Gout O, Baulac M, Gessain A, et al.: Rapid development of myelopathy after HTLV-I infection 
acquired by transfusion during cardiac transplantation. The New England journal of medicine 
1990; 322: 383–8. [PubMed: 2300089] 

21. Kuroda Y, Takashima H, Yukitake M, et al.: Development of HTLV-I-associated myelopathy after 
blood transfusion in a patient with aplastic anemia and a recipient of a renal transplant. J Neurol 
Sci 1992; 109: 196–9. [PubMed: 1634902] 

22. Chen YC, Wang CH, Su IJ, et al.: Infection of human T-cell leukemia virus type I and development 
of human T-cell leukemia lymphoma in patients with hematologic neoplasms: a possible linkage to 
blood transfusion. Blood 1989; 74: 388–94. [PubMed: 2752118] 

23. Bertram MY, Lauer JA, De Joncheere K, et al.: Cost-effectiveness thresholds: pros and cons. Bull 
World Health Organ 2016; 94: 925–30. [PubMed: 27994285] 

24. Viscusi WK, Masterman CJ: Income Elasticities and Global Values of a Statistical Life. J Benefit 
Cost Anal 2017; 8: 226–50.

25. Custer B, Janssen MP, Hubben G, et al.: Development of a web-based application and multicountry 
analysis framework for assessing interdicted infections and cost-utility of screening donated blood 
for HIV, HCV and HBV. Vox sanguinis 2017; 112: 526–34. [PubMed: 28597489] 

26. Vermeulen M, Dickens C, Lelie N, et al.: Hepatitis B virus transmission by blood transfusion 
during 4 years of individual-donation nucleic acid testing in South Africa: estimated and observed 
window period risk. Transfusion 2012; 52: 880–92. [PubMed: 21981386] 

27. Vermeulen M, Lelie N, Coleman C, et al.: Assessment of HIV transfusion transmission risk in 
South Africa: a 10-year analysis following implementation of individual donation nucleic acid 
amplification technology testing and donor demographics eligibility changes. Transfusion 2018.

28. Sobata R, Matsumoto C, Uchida S, et al.: Estimation of the infectious viral load required for 
transfusion-transmitted human T-lymphotropic virus type 1 infection (TT-HTLV-1) and of the 
effectiveness of leukocyte reduction in preventing TT-HTLV-1. Vox sanguinis 2015; 109: 122–8. 
[PubMed: 25930000] 

29. Guiltinan AM, Murphy EL, Horton JA, et al.: Psychological distress in blood donors notified of 
HTLV-I/II infection. Retrovirus Epidemiology Donor Study. Transfusion 1998; 38: 1056–62. 
[PubMed: 9838938] 

30. Chasse M, Tinmouth A, English SW, et al.: Association of Blood Donor Age and Sex With 
Recipient Survival After Red Blood Cell Transfusion. JAMA Intern Med 2016; 176: 1307–14. 
[PubMed: 27398639] 

31. Beilke MA, Japa S, Moeller-Hadi C, et al.: Tropical spastic paraparesis/human T leukemia virus 
type 1-associated myelopathy in HIV type 1-coinfected patients. Clin Infect Dis 2005; 41: e57–63. 
[PubMed: 16107970] 

32. Brites C, Sampalo J, Oliveira A: HIV/human T-cell lymphotropic virus coinfection revisited: 
impact on AIDS progression. AIDS Rev 2009; 11: 8–16. [PubMed: 19290030] 

33. Casoli C, Pilotti E, Bertazzoni U: Molecular and cellular interactions of HIV-1/HTLV coinfection 
and impact on AIDS progression. AIDS Rev 2007; 9: 140–9. [PubMed: 17982939] 

Vermeulen et al. Page 11

Vox Sang. Author manuscript; available in PMC 2020 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vermeulen et al. Page 12

Table 1

Model parameters for health economic assessment, including base case values, range used for sensitivity 

analyses, and data source.

Effectiveness
Base Case Value (Range used in Sensitivity 
Analyses)

Parameter Source or 
Citation

Incidence, Prevalence, and Residual risk

   Prevalence HTLV infection in donations 0.00062 (0.00055 to 0.01) Vermeulen

   Incidence of new infection in donors 0.000016 (6.2−5 to 6.2−6) [8, 13–15]

   Residual risk of HTLV with screening 0.00000155 (1.55−6 to 1.55−7 ) [9, 16]

Event Probabilities

   Probability of transfusion transmitted HTLV 0.10 (0.1 to 0.25) [17]

   Annual probability of developing HAM or ATL 0.06 (0.0025 to 0.06) [16, 19, 22]

   Annual probability of mortality after transfusion 0.10753 (0.15 to 0.05) [18]

Cost

Donation Screening Costs Rand [USD] (−50%-50%)

   ChLIA for universal screening per donation 25.00 [1.7] (12.50–37.50) Abbott

   ChLIA for screening all donors once per donation 35.00 [2.3] (17.50–52.50) Abbott

   ChLIA for screening first time donors per donation 40.00 [2.7] (20.00–60.00) Abbott

   InnoLIA confirmatory 527.00 [35] (263.50–790.50) Innogenetics

   Donor notification counselling 2,625.00 [175] (1312.50–3937.50) Van Den Berg

Treatment Costs

   Cost to treat ATL 189 568.96 [12 637.93] Olivier, D

   Cost of Bone marrow transplant 1 500 000.00 [100 000.00]

   Follow up chemotherapy 300 000.00 [20 000.00]

   Cost to treat HAM 236 773.10 [15 784.87]

   Total treatment cost used in model 1 078 911.00 [71 900.40] (539 455.50-1 618 366.50)

Blood Supply

Annual Numbers for Donations, Donors, and Products

   Number of donations 816 066 (±20%) SANBS 2015

   Number of donors 388 648 (±20%) BI reporting

   Number of first-time donors 109 571 (±20%)

   Number of RBC blood products issued 777 368 (±20%)

   Number of first time donor RBC issued 95 683 (±20%)

   Number of 5-pool buffy coat platelets issued 29 396 (±20%)

   Number of apheresis platelets issued 27 524 (±20%)
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