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BCG: Bacillus Calmette-Guérin 

CBA: Cost-benefit analysis 

CUA: Cost-utility analysis  

CEA: Cost-effective analysis 

DOT: Directly observed therapy 
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HIV: Human immunodeficiency virus 

ICER: incremental cost-effectiveness ratios 

IGRA: interferon-gamma release assays 

LMICs: Low- and middle-income countries 

PPD: purified protein derivative 
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PSA: probabilistic sensitivity analysis 

QALYS: Quality Adjusted Life Years 
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TBI: Latent tuberculosis infection 
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TPT: Tuberculosis preventive treatment 
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USD: United states dollars 
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Extended summary 
 

Background: Our systematic review on the economic impact of novel Mycobacterium tuberculosis 

specific skin tests for tuberculosis infection (TBST) conducted for this WHO meeting (Section A, 

Economic impact report) shows that studies are few and limited by study quality. However, our report 

does provide the most updated evidence on the cost-effectiveness of the use of TBST compared to 

currently used tests for tuberculosis infection. We aim to use this evidence to parameterise an 

economic modelling study to assess whether TBST are affordable and feasible to implement under 

different contexts. 

 

Method: A Markov model was developed to study the cost-effectiveness of TBST versus the currently 

available tests, the PPD-TST and IGRA. The model simulates a cohort of individuals transitioning 

among different states and steps along the TB cascade of care. The cohort is comprised, at baseline, 

of individuals without active TB who are eligible for TB infection testing. Following the TB infection 

(TBI) testing and treatment cascade of care pathway, these individuals are tested for TBI, if positive, 

they may initiate and eventually complete or interrupt treatment, and be ‘cured’ or die. Model 

parameters, unit costs and estimates of diagnostic test accuracy were sourced from the literature, 

including from our own systematic review described in Section A of the economic impact report. We 

also contacted manufacturers of novel TBST identified in our systematic review on the diagnostic 

performance of TBST to source costs of the new tests. However, only Generium, the manufacturer of 

the DiaskinTest, provided estimated test costs, including delivery costs, for different delivery volumes. 

Consequently the modelling study focuses on the DiaskinTest.  

 

The model was parametrised to three countries: Brazil, South Africa and United Kingdom. Three 

testing strategies were considered in this analysis: (1) DiaskinTest (index), (2) PPD-TST test (3) IGRA, 

QuantiFERON-TB test, either Gold In-Tube or Gold-Plus (comparator tests). We assessed the quality of 

our study by following Drummond’s checklist. Outcomes reported include unit cost (USD; $) per 

patient, incremental cost-effectiveness ratio (ICER) and incremental net benefit (INB) per Quality 

Adjusted Life Years (QALY) gained.  Unit costs considered in each country include test kit, staff time, 

laboratory and disposable costs. Costs were considered from a health system perspective and do not 

reflect patient or societal costs. Given we only had information on DiaskinTest, we decided to perform 
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a univariate sensitivity analysis on TBST unit costs and compared results of the three strategies to 

identify possible maximum unit costs of new TBST, for the strategy to remain cost saving and/or cost-

effective, but without specifying a particular type of TBST. Separately we also conducted probabilistic 

sensitivity analysis exploring uncertainty in clinical probabilities, accuracies, and utilities 

parameters/values. 

 

Results: In Brazil, strategy 1 is cost saving compared to strategy 2 and 3. Compared to PPD-TST, 

DiaskinTest is cost-saving at $5.6 with an incremental gain of 0.024 QALYs per patient. Compared to 

IGRA, DiaskinTest is cost saving at $8.4 with an incremental gain of 0.01 QALYs. In South Africa, DST is 

more cost saving than IGRA and PPD-TST. Compared to PPD-TST, DiaskinTest is cost-saving at $4.39 

with an incremental gain of 0.0152 QALYs. Compared to IGRA, DiaskinTest is cost saving at $64.41 

with an incremental gain of 0.0065 QALYs. In United Kingdom, strategy 1 is cost saving compared to 

strategy 2 but not against strategy 3. Compared to PPD-TST, DiaskinTest is cost saving at $73.33 with 

an incremental gain of 0.0351 QALYs. Compared to IGRA, DiaskinTest showed an incremental gain of 

$15.80 and an incremental gain of 0.0266 QALYs, or $521.45 (95% CI 500.94 ̶ 545.07) per QALY, below 

the willingness-to-pay threshold of $20.223 per QALY. 

 

Results of our univariate sensitivity analysis for TBST unit costs suggests TBST would remain as a cost 

saving strategy compared to PPD-TST for an increase in unit costs of the TBST up to $10.73 in Brazil 

and $9.33 in South Africa. In , TBST would be cost saving compared to IGRA, if unit costs are reduced 

to approximately the same cost values of the IGRA test. 

 

Interpretation:  

Our modelling results show that in Brazil and South Africa use of the DiaskinTest would potentially 

save costs per patient and result in greater health gains (QALYs per patient) than the PPD-TST and 

IGRA. However in United Kingdom, DiaskinTest gains health but is more expensive in terms of 

expected cost per patient than IGRA.  Our results further show that in Brazil and South Africa, IGRA is 

more costly to implement than PPD-TST but would gain more health.  However in United Kingdom, 

IGRA is cheaper to implement and more cost effective than PPD-TST.  
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Important considerations have to be made when interpreting these results. First, strategies are 

defined and costed differently according to the country context, and the estimates are driven by 

evidence from currently available but limited studies. For example, South Africa unit costs include two 

clinic visits for PPD-TST, and two clinic and one outpatient visit for IGRA. United Kingdom unit costs, 

on the other hand, consider two visits for PPD-TST and only one for IGRA, thus resulting in IGRA being 

less costly in United Kingdom but more costly than PPD-TST in South Africa. Number of visits and 

assessments done in those visits are informed by the literature reviewed and may not be wholly 

representative; conclusions will be sensitive to different assumptions. Second, United Kingdom costs 

are calculated using National Health System (NHS) tariffs which do not offer full breakdown of the 

cost of activities therefore it is not clear which specific cost entry highly affects the overall costs. 

Third, DiaskinTest was the only novel skin test included in the analysis, due to unavailability of cost 

data for other new TBST that are not yet marketed. Data is required to similarly model the cost-

effectiveness of those tests considering different populations and contexts. However, given test 

accuracy does not appear to differ significantly between novel TBST, the main factor likely to 

influence cost-effectiveness will be unit costs. Our sensitivity analysis suggests, regardless of type, 

TBST could be both cost saving and cost-effective or simply cost-effective depending on the specific 

country context despite some variations of the unit costs.  

 



1 

 

Research question 
 

Are Mycobacterium tuberculosis specific antigen-based skin tests for the detection of tuberculosis 

infection (TBST) cost-effective compared to currently available in vitro IGRA or the PPD-TST tests in 

reducing TB in Brazil, South Africa, and United Kingdom? 

 

Objectives 
 

3) To model the possible cost-effectiveness of index tests vs current tests by using unit 

costs of index tests and their accuracy (sensitivity and specificity), to inform a Markov model 

simulating a cohort of individuals being offered TBI testing. Includes unit costs of index tests as 

supplied by the manufacturer. 

4) To perform univariate and probabilistic sensitivity analysis to identify cost-

effectiveness thresholds in relation to index tests accuracy if costs of index tests are 

unavailable or subject to high levels of uncertainty. 

 

Outcomes 

 
Incremental Cost-effectiveness Ratio (ICER) or incremental net benefit (INB) per Quality 

Adjusted Life Years (QALYs) gain for novel TBST, compared to TST or IGRA tests. Test costs per 

patient were also calculated. 
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Presentation of the economic impact report 

 

The final report is presented in two parts.  

Section A: Abstract, methods and results for Objectives 1-2  

Section B: Abstract, methods and result for Objectives 3-4.  

 

This document contains Section B. Section A is submitted as a separate attachment. 
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Economic evaluation of the interventions and cost-effectiveness analysis  
 

 

 

Model scheme and characteristics 
 

We created a Markov model simulating a cohort of individuals transitioning among different states, 

the cohort being comprised at baseline of individuals without active TB. Following the cascade of care, 

these individuals are tested for TB infection (TBI), if positive, they may initiate and eventually 

complete or interrupt treatment. Consequently, the model’s states are: (1) no tuberculosis infection, 

tested; (2) tuberculosis infection, tested; (3) no tuberculosis infection, treated; (4) no tuberculosis 

infection, untreated; (5) no tuberculosis infection, treatment started but interrupted; (6) tuberculosis 

infection, treated; (7) tuberculosis infection, untreated; (8) tuberculosis infection, treatment started 

but interrupted; (9) active TB; (10) no TB; (11) death. See Figure 1 for the full model scheme. 

 

The model is parametrised to three settings reflecting different TB burden and country income: 

United Kingdom, Brazil and South Africa. Details on assumptions and parametrisation, including 

probabilities and cost data are provided below. 

 

Objectives: 
 

3.  To model the possible cost-effectiveness of index tests vs current tests by using unit costs of 

index tests and their accuracy (sensitivity and specificity), to inform a Markov model simulating a 

cohort of individuals being offered TBI testing. Includes unit costs of index tests as supplied by the 

manufacturer. 

4.  To perform univariate and probabilistic sensitivity analysis to identify cost-effectiveness 

thresholds in relation to index tests accuracy if costs of index tests are unavailable or subject to 

high levels of uncertainty. 
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Figure 1. Model diagram. 

The model describes the following states and steps in the TB infection care cascade: (1) no tuberculosis infection, tested; (2) 
tuberculosis infection, tested; (3) no tuberculosis infection, treated; (4) no tuberculosis infection, untreated; (5) no 
tuberculosis infection, treatment started but interrupted; (6) tuberculosis infection, treated; (7) tuberculosis infection, 
untreated; (8) tuberculosis infection, treatment started but interrupted; (9) active TB; (10) no TB; (11) death. We start with 
a cohort of individuals without TB. 
 
 

Model parameters 
 

The probabilities of moving between states are presented in Table 1. We initialise the model by 

assuming 100,000 people without active TB (of all ages) get tested for TB infection and we follow 

them through the cascade with a time horizon of 20 years (20 annual cycles). All parameters are 

sourced from the literature. However, sensitivity and specificity of tests are informed by Objective 1 

and are included as probabilities of being true positive (tpos), false negative (1-tpos), true negative 

(tneg) and false positive (1-tneg). TBST specificity is currently assumed to be equal to that of the IGRA 

(QuantiFERON-T Gold In-Tube).  All individuals in the model are assumed to belong to the general 

population with TBI infection including TB case contacts, immunocompromised populations, among 

other vulnerable groups. Differentiation between HIV status or time since infection are not included 
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in the model but Table B2 shows how the parametrisation of the model could be modified to account 

for different populations, progression rates to active disease and infection duration. 

 

 

Table 1. Model parameters 

Parameter Value Source 

Prevalence of TB infection in TB-

negative individuals, percentage 

Brazil= 13.27% [95%CI= 9.4 – 18.1] 

United Kingdom = 1.76% 

[95%CI= 1.3 – 2.7] 

South Africa= 31.53% 

[95%CI= 28.8 – 36.1] 

Literature 1 (see Table A1 

supplementary) 

People completing treatment 

after initiation following a 

positive TBI result, percentage 

Brazil= 33.96% 

United Kingdom = 44.2% 

South Africa= 12.06% 

Brazil 2 

United Kingdom , NHS 3 

South Africa 4 

 

People not initiating treatment 

after testing positive for TBI, 

percentage 

Brazil= 39.62% 

United Kingdom =36% 

South Africa= 27.8% 

Brazil 2 

United Kingdom , NHS 3 

South Africa 4 

People interrupting treatment 

after initiation following a 

positive TBI test result, 

percentage 

Brazil= 26.42% 

United Kingdom =19.8 % 

South Africa= 60.1% 

Brazil 2 

United Kingdom , NHS 3 

South Africa 4 

Progression from TBI to Active 
TB, probability 

0.08 [95%CI=0.05–0.10] 5-7 

Efficacy of TBI treatment 90% (63 – 93%) 8 

Active TB treatment coverage Brazil = 78% [95%CI= 67–91] 

United Kingdom  = 89% [95%CI= 81–98] 

South Africa = 58% [95%CI= 43–83] 

9 

Recovery from Active TB 

(treated+untreated) 

Brazil = 59.1% 

United Kingdom = 71.7% 

South Africa = 54.6% 

9,10 
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Death from Active TB 

(treated+untreated) 

Brazil = 11.1% [95%CI= 9.1–12.7] 

United Kingdom = 14.1% [95%CI= 10.3–16.4] 

South Africa = 9.4% [95%CI= 8.0–10.6] 

9,10 

Probability of a true positive test 

result if the patient has TB 

infection (sensitivity) 

 

TST: 88.24 (78.20–94.01) 
Diaskintest: 91·18 (81.72–95.98) 
IGRA test (QFT): 89.66 (78.83–95.28) 
IGRA test (T-spot): 90.91 (79.95–96.16) 
C-TB test (skin): 86·06 (82.39–89.07) 

TBST systematic review11 

Probability of a true negative 

test result if the patient does 

not have TB infection 

(specificity) 

TST: 93.31 (90.22–95.48) 
Diaskintest: 99.15 (79.66–99.97) 
*IGRA test (QFT): 99.15 (79.66–99.97) 
C-TB test (skin): 97.85 (93.96–99.25) 

TBST systematic review11. 

Diaskintest’s specificity is 

assumed to be equal to 

IGRA specificity 

Notes: IGRA=interferon-γ release assays. QFT=QuantiFERON-TB Gold. TST=tuberculin skin test.  

 
 
Costs per test unit and utility scores 
 
The analysis is from a provider perspective. All costs are expressed in 2021 USD. Unit costs and utility 

scores are presented in Table 2. IGRA and TST unit costs were sourced through the systematic 

literature review Section A of this work, and results are reported in Table A6−7. These costs include 

test kit, staff time and disposable and laboratory costs. Market value of DiaskinTest costs were 

provided by the manufacturer and reported in Table B4−5. To calculate the unit cost, the same extra 

costs resulting from the PPD-TST systematic review (such as staff time, disposable, and laboratory 

costs) were added to the test cost provided by the manufacturer. This followed confirmation from 

DiaskinTest manufacturer that the test does not require additional staff time nor consumables 

compared to PPD-TST test.  The rest of the manufacturers either did not provide the costs or did not 

respond to the email request. 

Usually, several costs come into play that are not strictly deemed connected to the test itself but are 

defined according to the country’s prescribed testing strategy. For example, United Kingdom (and 

Brazil) uses health systems tariffs to cost TBI testing and other interventions; this is done 

independently from the actual staff time spent or disposable used, leading to fixed prices that may be 

larger than the actual cost. For this reason, we use a conservative assumption in the model where for 

each country we chose the largest possible costs observed in our systematic review on TBST and 

current TBI tests. For United Kingdom we chose costs from Abubakar et al. (2018)12 for a population 
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including contacts of people with active TB cases and migrants. The study uses NHS tariffs to account 

for the full cost of each visit and follow-up. The study assumes that test strategies involving TST 

require two clinic visits, whereas those involving only IGRAs (T-SPOT.TB or QFT-GIT or both) only 

require one clinic visit. The TST visits represent the day of PPD placement and a further visit for 

assessment of results any skin induration. The IGRA visit represents the phlebotomy visit. Testing 

strategies in United Kingdom are in line with NICE 13. For South Africa, we consider the full screening 

strategy described in Mandalakas et al. (2012)14 for a cohort of child case contacts, which includes the 

costs of the tests (disposables, administration, reading, laboratory technicians), and two clinic visits 

for each of the tests and one chest radiograph plus one outpatient laboratory visit for IGRA tests. For 

Brazil, we use costs sourced from Steffen et al. (2020)8 modelled for a population including people 

living with HIV with a CD4+ cell count of 350 cells/μl or greater. The study seemed to only include the 

cost of all evaluated tests, staff time and consumables, thus explaining the observed difference in unit 

costs between the three countries (see Table 2).  

Unit costs per TBI treatment are provided in Table 3, while uninflated costs and additional 

information on treatment can be found in Table B3. Costs were calculated by summing the cost of 

initial single medical consultation with monthly follow-ups. The number of follow-up consultations 

depends upon the regimen and is as follows: 3HR: 2; 6H: 5; 9H: 8; 12H: 11. In the analysis the 9H 

regimen was used to calculate costs, but unit costs for different TBI treatment regimens are included 

in Table 3. United Kingdom costs are calculated using NHS tariffs. Costs for TB disease treatment for a 

DOT approach (active TB) can be found in Table 4 by regime and country, whereas Table 5 indicates 

the progression rates from LTBI to active TB for the studied countries. 

Cost per QALY is calculated based on utility scores associated to TBI treatment (Table 2). We assume 

that TB infection causes no utility loss, however treating TBI averts active TB, which averts mortality 

due to active TB, morbidity due to active TB, and side effects of active TB treatment. We also consider 

QALY losses due to the side effects of treating TBI.  

Our results were estimated on a time horizon over 20 years, we used a discount rate of 3.5% in United 

Kingdom, 5% in Brazil and 3% in South Africa as per standard practice 8,12,14. We also explored the 

following: 
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i. Probabilistic sensitivity analysis in a Monte Carlo simulation with 1,000 iterations. Uncertainty 

in clinical probabilities, accuracies and utilities; these were assumed to have a beta 

distribution, while a gamma distribution was assumed for costs, with a 20% uncertainty 

boundary if not otherwise stated.  

ii. Univariate sensitivity analysis on TBST unit costs to identify a possible maximum value for TBST 

to remain cost saving and/or cost-effective.  

iii. Since the manufacturer reported that one DiaskinTest vial (which serves 15 patients) can be 

used for up to 2 hours after opening, we studied the worst-case scenario of one vial being 

used to test only one patient. In our scenario of 100,000 patients being tested, we estimate a 

cost per patient of approximatively $18.55, meaning an additional $16.93 (16.88 –16.98) on 

the DiaskinTest unit cost in the three countries analysed. 

Strategies 

Three testing strategies were considered in this analysis: (i) DiaskinTest; (ii) PPD-TST test; (iii) IGRA, 

QuantiFERON-TB test (either Gold In-Tube or Gold-Plus). The model was parametrised for each of the 

three selected countries and ran considering these three testing strategies. Results from the 

DiaskinTest strategy (strategy 1) were compared against the other two, PPD-TST (strategy 2) and IGRA 

(strategy 3). We used Drummond’s checklist to assess the quality of our study (see supplementary 

material Table B6). Results are presented as incremental cost-effectiveness ratios (ICERs) or 

incremental net benefit (INB) where appropriate. We compared the ICERs calculated with a country-

specific willingness to pay threshold value per QALY that was sourced from the literature 16. If the 

intervention was cost saving, we calculated the INB rather than the ICER. 

 
Table 2.  Unit costs and utility parameters 

Test unit costs or utility value (unit costs/utilities) Value Source 

Diaskintest cost 

Brazil $ 5.33a  (see 

supplementary, 

Table B4−5) 

South Africa $ 90.60a,b 

United Kingdom $ 181.43a,c 

TST test cost   

Brazil $ 7.66 17 
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South Africa $ 99.13b 14 

United Kingdom $ 181.63c 12 

IGRA test (QFT) cost   

Brazil $22.17 17 

South Africa $220.02b 14 

United Kingdom $149.40c 12 

Utility scores    

Utility without TB (normal health) 0.88  
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Utility loss due to untreated active TB 

Utility loss associated with inpatient treatment 

Utility loss associated with outpatient treatment 

Utility loss due to active TB treatment adverse effects 

Utility loss due to TBI treatment 

0.19 

0.210 

0.067 

0.17 

0.2 

  

Notes: Costs provided in 2021 USDs ($). 
aUnit cost calculated by summing DiaskinTest costs as provided by the manufacturer (Tables B4−5) and PPD-TST associated 
costs (excluding test cost) from literature review 12,14,17.  
bThese costs represent the whole screening strategy including the costs of the tests (disposables, administration, reading, 
laboratory technicians), two clinic visits and one chest radiograph. Screening strategies that include an IGRA also include 
the cost of one outpatient laboratory visit. The unit cost for TST (including only disposables, administration, reading, 
laboratory technicians) is $21.92 without the two clinic visits and chest radiograph. Cost of PPD-TST test only is sourced 
from Laskin et al. (2013) as $8.53. This paper was excluded at full text analysis stage in the systematic review because it 
does not meet one of the inclusion criteria (it uses a societal prospective), however as it reports a full cost breakdown it 
allowed us to identify the cost of the test in South Africa. 
cAbubakar et al. assumes that test strategies involving TST would require two clinic visits, whereas those involving only 
IGRAs (T-SPOT.TB or QFT-GIT or both) would only require one clinic visit. 
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Table 3. Costs per TBI treatment, by country (inflated, expressed in 2021 USDs) 
Cost per TBI treatment regime, 

by country 

 

Drug costs 

Staff costs (medical and 

nurse follow-up 

consultations)  

 

Total costs 

Brazil 17 

3H 45.8 16.4 62.2 

6H 91.7 32.8 124.4 

9H 137.5 49.1 186.7 

12H 183.3 65.5 248.9 

South Africa 18    

3H 3.1 2.9 6.0 

6H 6.2 5.6 11.8 

9H 9.3 8.2 17.5 

12H 12.4 10.9 23.3 

United Kingdom 19    

3H 200.7 294.6 684.7 

6H 395.6 517.4 1,261.9 

9H 790.0 740.1 2,115.0 

12H 803.9 962.8 2,442.1 

Notes: H – Isoniazid. Values were inflated in their respective currencies and then exchanged into 2021 USD, if 
corresponded.   
Average exchange rate in 2021 between £ and $ was used (£=1.3823 USD$). More details provided in Table B3 
(supplementary material). 
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Table 4 Costs per active DOT TB treatment (drug-sensitive), by country (inflated, expressed in 2021 
USDs) 

Costs per active TB 

treatment (6 months 

treatment) 

 

Drug costs 

Staff costs (medical 

and nurse follow-up 

consultations) a 

Chest X-ray, 

culture tests, and 

liver function tests 

costs h 

 

Total cost per 

case 

Brazil  

2 months RHZE $16.7 20  

$332.3 b 

 

$41.93 e 

 

4 months RH $19.09 20 $410.52 

6 months treatment $35.79  

South Africa   

 

$64.68 c 

  

2 months RHZE $20.72 21  

$221.53 f 

 

$332.83 4 months RH $25.90 21 

6 months treatment $46.62 

United Kingdom   

 

$7,653.9 d 

  

2 months RHZE $195.09 22  

$180.67 g 

 

$8,236 4 months RH $206.91 22 

6 months treatment $402 

Notes: Values were inflated in their respective currencies and then exchanged into 2021 USD, if corresponded.   
Average exchange rate in 2021 between £ and $ was used (£=1.3823 USD$). R – Rifampicin, H – Isoniazid, Z – 
Pyrazinamide, E – Ethambutol. a Calculated considering 5 weekly visits during the intensive phase (first 2 months) and 
twice weekly during continuation phase (last 4 months) administered by nurses for a six-month treatment, plus two 
medical consultations based on the WHO 23. b Single cost per medical consultation= 2020 $4.3 and single cost Follow-up 
check= 2020 $4.3 17.  C Single cost per medical consultation= 2016 $0.98, Single cost Follow-up check= 2016 $0.77 18 . d 
2015,  Single cost per medical consultation= £126, Single cost Follow-up check= £64 19. 
e Brazil 5: Culture test= $2.39, Chest X-ray=$4.04, Liver function test= $3.5.  
f South Africa 21: Culture test= $14.02, Chest X-ray=$31.91, Liver function test= $15.05.  
g United Kingdom 22: Culture test= $10, Chest X-ray=$28, Liver function test= £1. h We considered 4 cultures, 4 liver 

function tests, and 2 chest-X rays per case treated as per United Kingdom guidelines 22. DOT: Directly observed therapy. 

 

Results 
 
Brazil 

Strategy 1 was cost saving compared to both strategy 2 and 3 (Figure 2). Compared to PPD-TST, 

DiaskinTest was cost-saving at $5.6 with an incremental gain of 0.024 QALYs. Compared to IGRA, 

DiaskinTest was cost saving at $8.4 with an incremental gain of 0.01 QALYs. As the intervention was 

cost saving, we calculated incremental net benefit (INB) rather than incremental cost-effective ratio 
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(Table 5). Sensitivity analysis on unit costs of TBST shows that, assuming same sensitivity and 

specificity values as DiaskinTest, a testing strategy using any TBST would remain cost saving compared 

to PPD-TST for an increase in TBST unit cost of up to ~2-3 times the unit cost of DiaskinTest; a TBST 

unit cost of $16.06 (more than triple DiaskinTest’s unit cost of 5.33$) would lead to an average 

expected cost per patient equal to PPD-TST’s expected cost ($35.45) Scenario analysis on number of 

tests performed per DiaskinTest vial, shows that in the worst-case scenario of only one test being 

performed on one DiaskinTest vial, the expected cost of the strategy in Brazil would then be $38.58, 

making the strategy no longer cost saving. However, the strategy would still be cost-effective when 

comparing its cost per QUALY of $86.03 with Brazil’s willingness to pay threshold of $7,54416. 
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Figure 2. Incremental cost-effectiveness planes of DiaskinTest versus PPD-TST (blue), and DiaskinTest versus IGRA (green), 

in Brazil, South Africa and United Kingdom. These figures show scatter plots of 1,000 Monte Carlo simulations for the 

mean incremental costs and incremental effectiveness in quality-adjusted life years. 

 

South Africa 

Strategy 1 was cost saving compared to both strategy 2 and 3 (Figure 2). Compared to PPD-TST, 

DiaskinTest was cost-saving at $4.39 with an incremental gain of 0.0152 QALYs. Compared to IGRA, 

DiaskinTest was cost saving at $64.41 with an incremental gain of 0.0065 QALYs. As the intervention 

was cost saving, we calculated incremental net benefit (INB) rather than incremental cost-effective 

ratio (Table 5). Scenario analysis on cost of the test show that, with same sensitivity and specificity 

values as DiaskinTest, the DiaskinTest would remain cost saving compared to PPD-TST for an increase 

in unit cost of the test up to approximatively $9 compared to the unit cost of DiaskinTest. Meaning, a 

test unit cost of $99.93 would lead to an average expected cost per patient equal to PPD-TST’s 

($64.89). Scenario analysis on number of tests performed, shows that in the worst-case scenario of 

only one test being performed with one DiaskinTest vial, the expected cost of the strategy in South 

Africa would then be $68.73, making the strategy no longer cost saving. However, the strategy would 

still be cost-effective when comparing its cost per QUALY of $427.83 with South Africa’s willingness to 

pay threshold of $4,71416. 
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United Kingdom 

Strategy 1 was cost saving against strategy 2 but not against strategy 3 (Figure 2). Compared to PPD-

TST, DiaskinTest was cost saving at $73.33 with an incremental gain of 0.0351 QALYs. Compared to 

IGRA, DiaskinTest showed an incremental gain of $15.80 and an incremental gain of 0.0266 QALYs, or 

$521.45 (95% CI 500.94 ̶ 545.07) per QALY, below the willingness-to-pay threshold of $20.223 per 

QALY16. Sensitivity analyses on cost of the test show that, with same sensitivity and specificity values 

as DiaskinTest, a TBST strategy would become cost saving compared to IGRA for a decrease in the unit 

cost of the test to approximatively the same unit cost as IGRA. Meaning, a test unit cost of $149.0 

would lead to an average expected cost per patient equal to PPD-TST’s ($624.91). Moreover, a 

strategy with a test unit cost up to $426 (i.e. 2.35 times DiaskinTest’s unit cost) would still be 

considered cost-effective when compared to the willingness-to-pay threshold of $20.223 per QALY 16. 

Scenario analysis on number of tests performed, shows that in the worst-case scenario of only one 

test being performed with one DiaskinTest vial, the expected cost of the strategy in United Kingdom 

would then be $649.59 (i.e. $3,571.63 per QALY), meaning that the strategy is still cost-effective 

compared to the willingness to pay threshold. 
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Table 5. Modelled costs and effects of the three strategies in Brazil, South Africa and United Kingdom. 
Base case (mean of 1,000 PSA iterations) 

Strategy Cost a QALY a Incremental Cost 

(vs DiaskinTest) 

Incremental QALY 

(vs DiaskinTest) 

INB 

Brazil 

DiaskinTest 29.84 11.12065    

PPD-TST 35.45 11.09708 5.61 ̶ 0.02357 ̶ 183.42 

IGRA 38.26 11.11064 8.43        ̶0.01001 ̶ 83.95 

South Africa 

DiaskinTest 60.50 13.1155     

PPD-TST 64.89      13.10031  4.39 ̶ 0.0152 ̶ 35.03 

IGRA 124.91  13.10905  64.41 ̶ 0.0065 ̶ 95.05 

United Kingdom 

DiaskinTest 640.71     12.83467     

PPD-TST 714.04        12.79959      73.33   ̶0.0351 ̶ 783.16 

IGRA 624.91       12.8044      ̶ 15.80 ̶ 0.0303 ̶ 628.56 

Note. Positive incremental costs indicate the amount of money saved on average, when using DiaskinTest instead of PPD-
TST or IGRA. Vice versa, negative incremental costs indicate the amount of money lost when using DiaskinTest. Similarly, 
negative incremental QALYs indicate that strategies using PPD-TST or IGRA comport a loss in QALYs compared to 
DiaskinTest strategy. 
a Mean per patient (discounted). 

 

Interpretation 
 

Our modelling results show that DiaskinTest potentially dominates both PPD-TST and IGRA in Brazil 

and South Africa, as it saves costs and gains health, but it is more expensive than IGRA in United 

Kingdom. Moreover, In Brazil and South Africa, IGRA is more costly than PPD-TST but gains more 

health, while in United Kingdom IGRA is cheaper and more cost effective than PPD-TST. There are 

however multiple factors that affect the analysis that need to be carefully considered when 

interpreting these results.  
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First, DiaskinTest costs were provided by the manufacturer (Generium); these accounted for delivery 

volume and included delivery costs for each setting. For analysis purposes we assumed the same 

volume for the three countries in our study, to account for 100,000 individuals tested, however this 

figure will most likely vary according to country needs. Reported data seems to indicate that larger 

orders come with smaller delivery fees, moreover the manufacturer reported that one vial (which 

serves 15 patients) can be used for up to 2 hours, which can lead to wasted doses and thus increased 

costs per patient. Scenario analysis on number of tests performed, shows that in the worst-case 

scenario of only one test being performed with one DiaskinTest vial, the expected cost of the strategy 

in the three countries would not be cost saving, but still cost-effective when comparing results with 

the willingness to pay threshold. This analysis, however, considers a larger order of vials (100,000 vials 

per 100,000 patients), larger orders come with smaller fees and cost per patient (Table B4), thus the 

analysis does not take into account wasted doses in smaller orders, which could potentially lead to 

further increases in costs, thus providers should carefully consider the realistic number of patients 

they would be able to test with one vial in order to optimize their order. 

 

Second, the perspective of the study (provider) does not allow consideration of patient or societal- 

costs. Factors such as transport costs were not mentioned in any of the reviewed studies, neither 

were costs related to additional visits due to indeterminate test results where appropriate.  

 

Third, costs are often studied differently in research studies compared to the real-world. Countries 

often use fixed tariffs to cost services, while economic analysis require full costs breakdowns to 

highlight incremental effects. For this reason, unit costs and, consequently, final expected costs, can 

vary vastly according to the specific activities chosen to define the service. The unit costs used in our 

analysis (Table 2) show large differences between countries because of this. United Kingdom’s unit 

costs are based on NHS tariffs which do not differentiate between activities but between staff 

members involved, thus United Kingdom costs are heavily affected by local salaries, resulting much 

larger than, for example, Brazil’s unit costs, which looked at the specific activity and the time required 

to complete it. South Africa’s unit costs are also heavily influenced by the assumptions made on the 

activities involved in the service. United Kingdom sources assume one single clinic visit with a 

specialized nurse during the IGRA strategy, and two visits in the PPD-TST one, thus considerably 
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lowering IGRA costs compared to both PPD-TST and DiaskinTest in that country. On the other hand, 

when costing the strategies in South Africa based on Mandalakas et al. (2012), two clinic visits are 

assumed for both PPD-TST and IGRA, plus one outpatient laboratory visit to complete phlebotomy. In 

this study IGRA testing is assumed to typically only be available at peripheral laboratory settings.  

 

Fourth, we did not have costs for C-Tb, DPPD or C-TST since these are not yet marketed, consequently 

we were only able to conduct detailed modelling for the DiaskinTest which has been in routine use in 

Russia and neighbouring states for over a decade. Further input from manufacturers of tests is 

required to be able to consider these tests in our analysis. However, given test accuracy does not 

differ significantly between the TBST, the only difference in parameters is likely to be the unit costs.  

We performed univariate sensitivity analysis on TBST unit costs and compared results of the three 

strategies to identify possible maximum unit costs of new TBST, for the strategy to remain cost saving 

or cost-effective. This analysis showed, if the unit cost of the other TBST is similar to DiaskinTest or 

below the maximum identified in our analysis, TBST would be both cost-saving and cost-effective or 

simply cost-effective depending on the modelled country context. However, the model was run for a 

common scenario of a general population, with no co-morbidities and TB drug resistant strains were 

not taken into account. Future work focusing on scenario analysis of at-risk populations (such as HIV-

positive, children and senior patients, contacts and migrants etc), could provide a clearer picture on 

the possible heterogeneity of the cost-effectiveness of TBST tests by populations.  
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Supplementary documentation 
 
Economic evaluation of the interventions and cost-effectiveness analysis 
 
Model parameters additional information 
 
Table B1. Calculation of the TBI progression 

ISO 

code  

 

LTBI estimates 2014 1 

  

Population estimates 2014 9 

 

 

LTBI/population 

(%) 

BRA 26,900,000  

[19,100,000 - 36,700,000] 

202,763,744 13.27 

[9.4 – 18.1] 

GBR 1,150,000  

[ 867,000 - 1,790,000] 

65,423,048 1.76 

[1.3 – 2.7] 

ZAF 17,200,000  

[15,700,000 - 19,700,000] 

54,544,184 31.53 

[28.8 – 36.1] 

 
 

Table B2. Progression from LTBI to active TB: population estimates 

Progression from LTBI to active TB, by treatment received  Coeff probability (95% CI) Source 

General population   

   Evolution of recent TBI to TB, without treatment for TBI 0.08 (0.05–0.10) 5-7 

   Evolution of remote TBI to TB, without treatment for TBI 0.04 (0.025–0.05) 5-7 

HIV status   

   Proportion of TST or IGRA positive, untreated, HIV negative 

individuals progressing to active TB (post‐exposure TB) 

over 20 years 

0.05 (0.025‐0.15) 22,24 

   Proportion of TST or IGRA positive, untreated, HIV positive 

individuals progressing to active TB (post‐exposure TB) 

over 20 years 

0.40 (0.20‐0.80) 22,24 

Notes:  All individuals in the model are assumed to belong to the general population with recent TBI infection. Differentiation 
between HIV status or duration of infection are not included in the model but these values are reported in this table to show 
how the model could be adapted  to study different scenarios by modifying its parametrisation. 
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Table B3. Costs per TBI treatment, by country (not inflated, different currencies) 
Cost per TBI treatment 

regime, by country 

 

Drug costs 

Staff costs (medical 

and nurse follow-up 

consultations) a 

 

Source 

Brazil 

   2010 costs 17.  

Single cost per medical 

consultation= $4.3 

Single cost Follow-up 

check= $4.3 

3H $36.09 $12.9 

6H $72.18 $25.8 

9H $108.27 $38.7 

12H $144.36 $51.6 

   

South Africa    

2016 costs,18. 

Single cost per medical 

consultation= $0.98 

Single cost Follow-up 

check= $0.77 

   

3H $2.7 $2.52 

6H $5.4 $4.83 

9H $8.1 $7.14 

12H $10.8 $9.45 

   

United Kingdom*    

   2015 costs 19 

Single cost per medical 

consultation= £126 

Single cost Follow-up 

check= £64 

3H £173 £254 

6H £341 £446 

9H £681 £638 

12H £693 £830 

   

 
Notes: 3H= three months of treatment with isoniazid (300 mg/day), 6H= 6 months treatment with isoniazid, 9H= = 9 months 
treatment with isoniazid, 12= 12 months treatment with isoniazid, 2. a Calculated considering one medical check plus the 
number of follow-up checks administered by nurses depending upon the regimen, it is as follows: 3H: 2 nurse consultations; 6H: 
5; 9H: 8; 12H: 11. 
*Drug costs were obtained from the NHS drug tariff (2014) (for H and R) and British National Formulary (2013) (for Pz); 
quantities of drugs used for each regimen were supplied by NICE. Staff costs were calculated from the amounts of staff time 
required for administration of LTBI treatment, based on GDG advice, and the cost of that time according to NHS reference costs 
(Curtis 2013).  
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DIASKIN test costs breakdown (Table B4 and B5) 

 
Table B4.  Cost of the Diaskin Test per vial for different delivery volumes and considering that 1 
vial is used for 15 patients 

Volume Price per vial Delivery costs 
Brazil 

Delivery costs 
United Kingdom  

Delivery costs 
South Africa 

667 pack  $ 24.3 $ 7,405  $ 5,227  $ 5,676 

6,667 pack  $ 22.3 $ 18,560  $ 7,948  $ 18,199 

30,000 pack  $ 19.3 - - - 

60,000 pack  $ 19.3 - - - 

150,000 and more pack  $ 17.8 - - - 

Notes:  All prices are indicated for 1 vial (for 15 patients). The 100% shelf life of Diaskintest is 2 years. Data 
provided by the test manufacturer. 

 
 
Table B5. Full costs including delivery, and cost per patient by country 

Volume Full price 
excluding 
delivery 

Number of 
patients 
treated 

Full costs + 
delivery 

Brazil 

Full costs + 
delivery 
United 

Kingdom  

Full costs + 
delivery 

South Africa 

667 pack  $16,208.1  10,005  $ 7,405  $ 5,227  $ 5,676 

6,667 pack  $148,674.1  100,005  $ 18,560  $ 7,948  $ 18,199 

Price per patient:      

667 pack   $ 1.62  -  $ 2.36  $ 2.14  $ 2.19  

6,667 pack   $ 1.49  -  $ 1.67  $ 1.57  $ 1.67  

Notes. The 100% shelf life of Diaskintest is 2 years. Data provided by the test manufacturer.
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Table B6: Drummond checklist for the quality of our study: Cost-effectiveness analyses for Novel skin tests for diagnosing 
TBI 
 

Drummond Checklist Questions Our study 

1.Was a well-defined question posed in answerable form?   

1.1. Did the study examine both costs and effects of the service(s) or programme(s)? Yes 

1.2. Did the study involve a comparison of alternatives? Yes 

1.3. Was a viewpoint for the analysis stated and was the study placed in any decision-making context? Yes 

  Adult population 

2. Was a comprehensive description of the competing alternatives given?  

2.1. Were there any important alternatives omitted? No 

2.2. Was (should) a do-nothing alternative be considered? No 

3.    Was the effectiveness of the programme or services established?  

3.1. Was this done through a randomised, controlled clinical trial? If so, did the trial protocol reflect what would 
happen in regular practice? 

No 

3.2. Was effectiveness established through an overview of clinical studies? 

Yes 
Sensitivity and 

specificity of tests 
values from number of 

clinical studies and 
systematic reviews 

3.3. Were observational data or assumptions used to establish effectiveness? Yes 

If so, what are the potential biases in results?  
 

All assumptions for 
effectiveness all have 
adequate 
references/reasoning. 

4. Were all the important and relevant costs and consequences for each alternative identified?  

4.1. Was the range wide enough for the research question at hand? Yes 
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4.2. Did it cover all relevant viewpoints? Yes 

4.3. Were the capital costs, as well as operating costs, included? 

Diagnostic, treatment, 
staff, laboratory, 

material, and operating 
costs included 

   

   

5.    Were costs and consequences measured accurately in appropriate physical units?  

5.1. Were any of the identified items omitted from measurement?  No 

   

If so, does this mean that they carried no weight in the subsequent analysis?  

5.2. Were there any special circumstances (e.g., joint use of resources) that made measurement difficult? Were 
these circumstances handled appropriately? 

No 

6.    Were the cost and consequences valued credibly?  

6.1. Were the sources of all values clearly identified? Yes 

6.2. Were market values employed for changes involving resources gained or depleted? Yes 

6.3. Where market values were absent (e.g. volunteer labour), or market values did not reflect actual values (such 
as clinic space donated at a reduced rate), were adjustments made to approximate market values? 

No 

6.4. Was the valuation of consequences appropriate for the question posed? No 

7.    Were costs and consequences adjusted for differential timing?  

7.1. Were costs and consequences that occur in the future ‘discounted’ to their present values? Yes 

7.2. Was there any justification given for the discount rate used? Yes 

8.    Was an incremental analysis of costs and consequences of alternatives performed?  

8.1. Were the additional (incremental) costs generated by one alternative over another compared to the 
additional effects, benefits, or utilities generated? 

Yes 

9.    Was allowance made for uncertainty in the estimates of costs and consequences?  
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9.1. If data on costs and consequences were stochastic (randomly determined sequence of observations), were 
appropriate statistical analyses performed? 

Yes 

9.2. If sensitivity analysis was employed, was justification provided for the range of values (or for key study 
parameters)? 

Yes 

9.3. Were the study results sensitive to changes in the values? Yes 

   

  
Sensitive to treatments 

received. 

10.    Did the presentation and discussion of study results include all issues of concern to users?  

10.1. Were the conclusions of the analysis based on some overall index or ratio of costs to consequences (e.g. 
cost-effectiveness ratio)? 

Yes 

10.2. Were the results compared with those of others who have investigated the same question? If so, were 
allowances made for potential differences in study methodology? 

Yes 

10.3. Did the study discuss the generalisability of the results to other settings and patient/client groups? Yes 

10.4. Did the study allude to, or take account of, other important factors in the choice or decision under 
consideration (e.g. distribution of costs and consequences, or relevant ethical issues)? 

Yes 

10.5. Did the study discuss issues of implementation, such as the feasibility of adopting the ‘preferred’ programme 
given existing financial or other constraints, and whether any freed resources could be redeployed to other 
worthwhile programmes? 

Yes 

 



 

 


