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Summary

Background

A possible method to reduce tuberculosis (TB) in low incidence countries is screening close contacts for latent tuberculosis infection (LTBI) and offer them preventive treatment. Tools for the screening of LTBI are tuberculin skin test (TST) and the interferon gamma release assays (IGRA) T-SPOT.TB and QuantiFERON-TB Gold in tube (QFT-GIT). It is unclear whether screening contacts with TST and/or IGRA is cost-effective in a population of immigrants.

Aim

The aim of this paper is to assess the cost-effectiveness of TST, T-SPOT.TB, and QFT-GIT for the diagnosis and treatment of LTBI in immigrant close contacts. 

Method

Data for this cost effectiveness study (CEA) are mostly based on the prospective cohort study, PREDICT, expert interviews and literature. A decision tree was developed for the calculation of the average costs of 6 scenarios. The cost effectiveness is defined as the costs (in Euros) per prevented TB case and costs per quality-adjusted life years (QALY) gained.  

Results

To prevent one TB case during the first 2 years after LTBI screening, screening with TST costs €3,709 in comparison with disease screening only, which is current practice. For the other 

scenarios the costs to prevent one TB case compared to disease screening only were for QFT-GIT €4217, for TSPOT.TB €16,285, for TST in combination with QFT-GIT €5,046 and for TST in combination with TSPOT.TB €17,741. If cost-effectiveness was expressed in euro per QALY gained, screening for LTBI with TST was most cost effective with €8,242 per QALY and lowest cost effective was TST in combination with TSPOT.TB, €39,424 per QALY

Conclusion

The data presented suggest that TST is cost-effective for LTBI screening of immigrant contacts of TB patients in the Netherlands. PREDICT is one of the first studies to investigate the PPV and NPV of QFT-GIT and T-SPOT.TB among immigrants. Also further research should investigate whether diagnosing and treatment of LTBI is cost effective if a longer period is taken into account. 

Introduction

A possible method to reduce TB in low incidence countries is screening close contacts for LTBI and offer them preventive treatment (Schwartzman, 2000; American Thoracic Society, 2005). Preventive treatment of LTBI with Isoniazid (INH) has proven effective in decreasing the risk to develop TB in recently infected close contacts (IUATLD CP, 1982).
TST is mostly used as screening test for LTBI, but has disadvantages such as cross reaction with Bacille Calmette-Guérin (BCG) vaccination and with other non-tuberculous mycobacteria (NTB), giving false positive reactions. Furthermore patients need to return for test reading (Brock, 2004). Immigrants from high endemic countries are not routinely tested for LTBI with TST in the Netherlands, because they are often BCG vaccinated. TST also remains positive long after an infection is acquired, which makes it difficult to determine recent infection. 
Two new T-cell based tests, QFT-GIT and the T-SPOT.TB, have been developed for diagnosing LTBI and since these assays use M. tuberculosis (Mtb) specific antigens that are absent in BCG and most nontuberculous mycobacteria (NTM), these assays promise to be more specific than TST (Menzies, 2007). Some European countries, like the UK and Switzerland, advise in their guidelines the interferon-gamma release assays (IGRA) as confirmatory test after a positive TST (≥5 mm) for diagnosing LTBI in TB control programmes (NICE, 2006) (Beglinger, 2007) and the US Centre for Disease Control and Prevention (CDC) recommends the QFT-GIT as a substitute of TST (CDC, 2005). 

The QFT-GIT  was proven cost-effective compared to TST in screening close contacts for LTBI in several cost-effectiveness studies (Diel, 2007; Oxlade,2006) and also the T-SPOT.TB was found cost-effective compared to TST (Wrighton-Smith, 2006). In these studies the close contact population was a combination of immigrants and natives. In most studies TST is only compared with QFT-GIT or TSPOT.TB and only few prospective studies have been done. It is suggested that the use of IGRA for detection of a LTBI may especially be beneficial among immigrants (Diel,2008). 
The budgetary constraints on the health care budget are increasing, which makes finding ways in which resources can be allocated in order to achieve maximum benefit more important (Diel, 2007b; Drummond,2005). Therefore we assess the cost-effectiveness of TST, T-SPOT.TB, and QFT-GIT for screening of LTBI and preventive treatment in immigrant close contacts. 
METHOD
Screening Scenarios

The aim of this study was to compare different scenarios for the diagnosis and treatment of latently infected immigrants, who participate in a contact investigation in the Netherlands. We examined 6 different scenarios. The current practice, disease screening only without preventive treatment (scenario 1) is compared with 5 other scenarios, where after screening for disease, immigrants were also screened for the presence of LTBI and when found positive offered preventive treatment. The new scenarios 2, 3 and 4 represent the use of TST, QFT-GIT or T-SPOT.TB respectively for the screening of LTBI. In the scenarios 5 and 6 we examined a two-step procedure using the QFT-GIT or T-SPOT.TB as a confirmatory test after TST. Our model covered the costs and effects within the first 2 years after the performance of the contact investigation. 
Decision analysis model

To follow and track the costs and effects of individual immigrants in a contact investigation a decision tree was developed. Figure 1 is a general overview if screened with one test. If the two step method is used, than another screening test is added in case TST is positive.
An immigrant enters the model at the left side 3 months after the diagnosis of TB of the index patient. In all scenarios close contact immigrants routinely undergo CXR screening at 0 and 3 months to exclude active TB. Since this is the same in all scenarios the costs of these 2 chest X-rays (CXRs) are not taken into account and we determined only all costs that occur after these 2 CXRs (KNCV,2007). In the first scenario disease screening only no further interventions were taken.
TST was considered positive if equal or greater than 10 mm. For both IGRA we used the recommended cut-offs of the manufacturers for a positive test (QFT-GIT 0.35 IU/ml, T-SPOT.TB conform the latest criteria of the manufacturer; Kik, 2008). In the scenarios 5 and 6 after a positive TST (≥5mm) the immigrant is also tested with QFT-GIT or T-SPOT.TB and assumed to have LTBI when the QFT-GIT or the T-SPOT.TB is positive. 
It was assumed that in all scenarios contacts who were considered to have LTBI, will be offered 6 months INH chemoprophylaxis, but that 30% of them would refuse treatment. Contacts, who refused LTBI treatment would alternatively be followed up during two years with CXR. The compliance of the treatment was also included in the model. The outcome of all scenarios was the presence or absence of active TB within two years after contact investigation.
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Probabilities

We assumed all contacts had no serious co-morbidity. The effect of immunocompromising disorders was not taken into account in our model, since the risk of progression to active disease after an infection differs greatly for this group in comparison to healthy contacts. In addition, there is very little data on the predictive value of the IGRA in immunucompromised persons. Furthermore we neglected the possibility of multidrug-resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB), which are both uncommon in the Netherlands. We assumed that among contacts who were entering our model, the presence of active tuberculosis was excluded on basis of the previous 2 chest x-rays (Kik, 2008). 

PREDICT was a prospective cohort study that aimed to determine the positive predictive value of QFT-GIT and T-SPOT.TB compared to TST in immigrants. The subjects of this study were healthy immigrants aged 16 years and older, who were close contacts of a smear positive TB patient and originating from a high endemic country (Kik, 2008). All the immigrants were first screened for disease through chest X-rays (CXR) and TST was performed at 0 and/or 3 months. Those with TST induration ≥5 mm, were tested with both IGRA and actively followed for 1-2 years to monitor for development of active TB. 
Between April 2005 and August 2007 812 immigrant close contacts were recruited. Of these, 282 were excluded because they were not asked to participate in the study, no consent was given or TST was not read. In addition, 66 participants were excluded because of any of the exclusion criteria, 14 participants were diagnosed with active TB and in 17 contacts preventive treatment was started. In total, 339 close contacts had TST≥ 5mm and were eligible for follow up. Of the 299 individuals with a valid T-SPOT.TB result 181 were positive (60.5%) and of the 327 individuals tested with QFT-GIT 178 were positive (54.4%). In total 9 participants were diagnosed with TB during the follow up period. Figure 2 represents the study profile of these 339 close contacts (Kik, 2008). 
Data for the scenario’s 1, 2 and 5 and 6 could be retrieved directly from this study. The scenario of direct IGRA testing was not assessed in PREDICT. By a retrospective search of contacts with TST <5 mm in the Netherlands TB register (NTR) no TB cases were found. Therefore we assumed that close contacts with TST <5mm would have had, when tested, a negative TSPOT.TB and also a negative QFT-GIT. Trough this assumption the group negative tested was larger than in the two step scenarios, which changed the NPV of both QFT-GIT and TSPOT.TB in scenario 3 and 4. The number of close contacts with a positive test outcome did not change, thus the PPV of the QFT-GIT and T-SPOT.TB would be the same as in the 2-step scenario (Kik, 2008). 
Figure 2. Study profile of recruited contacts (Kik, 2008)










Out of the 433 immigrant close contacts 94 (21.7%) had TST< 5mm and 288 (66.5%) had TST ≥ 10mm. Eight out of the nine contacts who developed active TB were tested with TST and had an induration ≥ 10mm. One patient was not tested with TST at baseline, but was a known TST responder. We assumed that this patient would have had at least TST induration of ≥ 10mm. Therefore the probability of developing active TB within 2 years if TST≥ 10mm, when no preventive treatment is taken, was assumed 3.2% (9/433) and refers to the positive predictive value (PPV) of TST. 

With the assumption that contacts with TST <5 mm would have had a negative IGRA result, when tested, and the exclusion of the participants who did not have the blood test results, 42% of the close contacts were QFT-GIT positive. When the QFT-GIT was performed after TST (≥ 5mm), 54.4% of the participants had a positive QFT-GIT. Of the nine participants with TB 8 were tested with QFT-GIT, and 5 had a positive QFT-GIT test. The probability of development of active TB after a positive QFT-GIT was therefore (5/178=) 2.9%, the PPV of QFT-GIT. There were 3 participants with a negative QFT-GIT, who developed TB within 2 years after contact investigation. The probability of development of TB after a negative QFT-GIT was estimated at (3/149=) 1.2%. 
Participants with indeterminate test results and those in which the test failed due to technical reasons were excluded in the calculation of probabilities for the T-SPOT.TB scenarios. A positive T-SPOT.TB was found in 60,5% of the contacts with TST ≥5mm, which would be 46.1% (181/393) of all contacts when we assumed that contacts with TST <5mm would have had a negative T-SPOT.TB. From the nine participants diagnosed with TB, only 8 were tested with T-SPOT.TB of whom 6 had a positive T-SPOT.TB, which resulted in a PPV of 3.3% (6/181). There were 2 participants with a negative T-SPOT.TB, who developed TB within 2 years after contact investigation. The probability to develop TB after a negative T-SPOT.TB was therefore set at 0.94% (2/212) in the two-step scenario and (2/(212+94)=2/306) 0.65% when TSPOT.TB was performed as a single test. 

Information about the number of close contacts, who started with preventive treatment and completed the treatment, was retrieved from the Netherlands Tuberculosis Registration system (NTR online).The probability that close contacts who were eligible for preventive treatment indeed started with their prophylaxis was according to the NTR 70% in 2006. Based on the results of the Dutch tuberculosis surveillance, compliance to 6 month INH is 79% among all close contact who start preventive treatment. Since the compliance rates in the Netherlands do not differ between Dutch and non-Dutch contacts we assumed that in our cohort 70% of migrants would start preventive treatment and  79% of them would be compliant (NTR online).
The effectiveness of the preventive treatment was based on literature and it was assumed that if 6 month INH was completed the risk of developing active TB would be reduced by 70% (5 Years incidence)(IUATCP, 1982).The effectiveness of preventive treatment is less when treatment is not completed and depend on the duration of INH being taken. It was assumed that participants who did not complete treatment, did take INH on average half the targeted treatment, i.e. 3 months, which reduced the risk for developing TB with 31% (5 years incidence)(IUATCP, 1982). Table 1 represents an overview of all the used probabilities.
Table 1. Baseline probabilities and probabilities for sensitivity analysis

	
	Baseline probability
	sensitivity analysis (numbers refer to text in methods) 


	
	
	No. 1
	No. 1
	No. 2 
	No 3 

	Probability of start preventive treatment
	0.70000
	0.40000
	0.90000
	
	

	Probability of compliance
	0.79000
	0.40000
	0.95000
	
	

	Probability effectiveness of INH if compliant
	0.7 **
	0.40 
	0.9 
	
	

	Probability effectiveness of INH if not compliant
	0.25**
	0.1 
	0.45
	
	

	Probability of positive TST (≥10mm) 
	0.66513*
	
	
	
	

	Probability of TB if TST (≥10mm) is positive and no preventive treatment (PPV)
	0.03125*
	
	
	
	

	Probability of TB if TST (≥10mm) is negative (1-NPV)
	0.00000
	
	
	
	

	Probability of a positive QFT-GIT 
	0.42280* 
	
	
	
	0.30000

	Probability of TB if QFT-GIT is positive and no preventive treatment (PPV) (scenario 3 en 5)
	0.02809*
	
	
	0.04494*
	0.04494*

	Probability of TB if QFT-GIT is negative (1-NPV scenario 3)
	0.01235*
	
	
	0.00000*
	0.00000*

	Probability of positive T-SPOT.TB 
	0.46056*
	
	
	
	0.30000(

	Probability of TB if T-SPOT.TB is positive and no preventive treatment (PPV scenario 4 en 6)
	0.03315*
	
	
	0.04420*
	0.04420*

	Probability of TB if T-SPOT.TB is negative (1-NPV scenario 4)
	0.00943*
	
	
	0.00000*
	0.00000*

	Probability of positive TST (>5mm) 
	0.78291*
	
	
	
	

	Probability of a positive QFT-GIT test, after a positive TST (>5mm) 
	0.54434*
	
	
	
	0.386

	The probability of a positive T-SPOT.TB test, after a positive TST (≥5mm)
	0.60535*
	
	
	
	0.386

	The probability of TB if QFT-GIT is negative, after a positive TST (>5mm) (1-NPV scenario 5)
	0.02013*
	
	
	0.00000*
	0.00000*

	The probability of TB if T-SPOT.TB is negative, after a positive TST (≥5mm) (1-NPV scenario 6)
	0.01695*
	
	
	0.00000*
	0.00000*

	Probability of TB without follow up or preventive treatment (PPV scenario 1)
	0.02079*
	
	
	
	


* Source: Kik, 2008

** Source: IUATCP,  1982

Estimation of the Cost
Our study has been performed from a health care perspective. The estimations were done conform the guidelines for cost effectiveness research in the Netherlands (Oostenbrink,2004) and actual cost data were used. In general the costs involved three main categories, staff costs, material costs and overhead/housing (Drummond, 2007; Oostenbrink, 2004). The overhead costs were calculated by an additional charge of 35% over the total staff and material cost (Oostenbrink, 2004, and expert opinion).
Three municipal health services (MHSs: The Hague, Amsterdam and Region Twente) were selected because these centres were involved in the PREDICT study and had experience with the different diagnostic tests.  Also two laboratories (laboratory microbiology Twente/Achterhoek / Laboratory LUMC)  were selected for gathering information about the time to execute the QFT-GIT and two laboratories (laboratory of Diaconessenhuis Utrecht? / Laboratory LUMC) for the T-SPOT.TB. 
Questionnaires were used to interview staff from the selected MHSs and laboratories to collect information about actual time spent on the execution of the different tests, the additional time needed for the execution of a contact investigation, and time needed for the follow up and supervision of LTBI or TB treatment.  
Cost of screening tests

The material costs of the tuberculin, the QFT-GIT kit and T-SPOT.TB kit were based on the kit prices of the manufactures and the number of tests performed with one bottle or kit. The price for 1 ml TST fluid is €13.14 and we assumed that with 1 ml tuberculin 7 TSTs were executed, so the costs for 1 TST was € 1.88. For QFT-GIT and T-SPOT.TB we assumed that 12 samples are performed per week per laboratory. Since the QFT-GIT kit costs €1050 (manufacturer) and can do 88 samples, the price of one QFT-GIT would be €13.06 according to the manufacturer. For 12 samples T-SPOT.TB per week, according to the manufacturer the price of one T-SPOT.TB would be €38 (manufacturer) if the standard T-SPOT.TB kit- plate was used and in case the strip format was used one T-SPOT.TB would be €45 (manufacturer). Besides the costs of the tuberculin and kit, some small other materials were needed for the performance of TST and T-SPOT.TB (such as the injection needle) adding to the total material costs. The costs for a positive and negative test result were separately calculated, because only a positive TST or IGRA was followed with a physician consult. The staff costs were based on salary costs and the average time the staff needed for the performance of different tasks.
In Table 2 the total cost of TST, QFT-GIT and T-SPOT.TB are presented. The staff costs contributed most to the costs that were associated with a positive QFT-GIT or TST, while for a negative T-SPOT.TB the material cost were a considerable proportion of the total costs. 
Table 2. Cost screening tests

	
	TST
	QFT-GIT
	T-SPOT.TB

	
	Positive
	negative
	Positive
	negative
	Positive
	negative

	Staff cost
	€13.94
	€2.43
	€17.01
	€4.86
	€46.76
	€34.60

	Material cost
	€2.08
	€2.08
	€13.40
	€13.40
	€41.11
	€41.11

	Overhead and housing (35%)
	€5.61
	€1.58
	€10.64
	€6.39
	€30.75
	€26.50

	Total cost
	€21.62
	€6.08
	€41.06
	€24.65
	€118.62
	€102.22


Cost of preventive treatment

A regular LTBI treatment of 6 months with Isoniazide (INH) would involve 4 consults to the physician, 5 consults to the TB-nurse and 3 CXR’s. When close contacts did not start preventive treatment, it was assumed that these close contacts were followed with 4 CXR during 2 years after diagnosing of the index patient.  We assumed that for non- compliant close contacts the cost was 50% of the total cost for preventive treatment. The occurrence of side effects of INH was not taken into account. 
Cost of full treatment

A regular TB treatment involves 5 consults to the physician, 10 consults to the TB-nurse and 1 control CXR and existed of 6 months INH, 6 months Rifampicin, 2 months Pyrazinamide and 2 months Ethambuthol. The prices of the different medication were based on Dutch tariffs (CVZ pharmaceutics compass).In the Netherlands 51% of the TB-patients is on average hospitalised for 18 days (NTR). In 29% of the TB patients treatment is based on directly observed therapy (DOT) and will include 1800 extra minutes nursing time (expert opinion). 
The total costs of TB included the costs of TB treatment and the cost of a contact investigation, which is done in 59% of the TB cases that are found in the Netherlands (Verver, 2005) In a contact investigation close and casual contacts are examined. The costs of a contact investigation are based on the number of contacts involved. A first screening round would involve 10 close contacts (NTR) of whom all 10 would receive only a CXR. In the second round all ten involved close contacts receive again a CXR and 5 of them were also tested with TST. Further we assumed that in the second screening round after 3 months an additional 27 casual contacts (NTR) would be screened of whom 14 received only a CXR and 13 only TST. In table 3 an overview is given of the costs of (preventive) treatment and the costs of a contact investigation.
Table 3. Cost of treatment and contact investigation

	
	LTBI treatment
	TB treatment
	Contact investigation

	Staff cost
	€93.71
	€1,243.04
	€426.21

	Material cost
	€75.73
	€364.48
	€756.04

	Medical equipment cost
	
	€42.64
	

	hospitalization
	
	€5,675.17
	

	Overhead & housing
	€59.30
	€2,563.95
	€ 413.79

	Total cost
	€228.74
	€9,889.54
	€1596.04


Cost-effectiveness 
In the cost-effectiveness analysis we calculated the difference in total costs and effects of the scenario’s 2-6 compared with the current practice (scenario 1: disease screening only). The ICER was defined as: (Cn-Cc)/(En-Ec), where Cn-Cc was defined as the difference in cost between a new scenario (2-6) and the current situation over a 2 year period and En-Ec was defined as the difference in effects over a 2 year period.  Effectiveness is measured as the number of prevented TB cases (and QALYs gained). The cost effectiveness was defined as the cost (in Euros) necessary to avoid one extra TB case. 
For each scenario the risk of developing active TB in the cohort and the costs associated with the scenario were assessed using the model. The total average costs for each scenario was the sum of the costs for screening, the costs for preventive treatment or the costs of the CXR during the follow up period of two years, the costs for active TB treatment and the costs for contact investigation multiplied with the probability, that each possible scenario would occur. 

The cost to gain one QALY was also calculated. In a severe TB case 0.3 QALY’s is lost because of morbidity and 0.15 QALY’s is lost because of mortality, resulting in a total loss of 0.45 QALY’s (Habbema,2008). 
Sensitivity analysis

Three different sensitivity analyses were performed with the probabilities. In the first sensitivity analysis the probabilities of compliance and the probability of starting preventive treatment were adapted to a worst and best case scenario. In the worst case scenario we assumed that 40% of the participants would be compliant and 40% would start preventive treatment. Furthermore we assumed that INH treatment, when completed would reduce the risk of TB with 50% and with 10% when persons were not compliant. In the best case scenario we assumed that 95% of the participants would be compliant, 90% would start preventive treatment and INH would be 90% effective when treatment would be completed and 45% effective when treatment was not completed. The ranges were based on expert opinion. 

In the second sensitivity analysis the positive predictive value (PPV) and negative predictive value (NPV) of the IGRA were varied. The PPV and NPV of a test are both influenced by the prevalence of TB in our sample, therefore probabilities based on the PPV and NPV can only be changed in combination. In this sensitivity analysis we assumed that none of the TB cases would have been missed by the IGRA. In that case the PPV and NPV of the QFT-GIT would respectively be 4.5% (8/178) and 0% (0/149), and for the T-SPOT.TB 4.4% (8/181) and 0% (0/118). The PPV and NPV of QFT-GIT and T-SPOT.TB were both changed in the direct IGRA testing and in the two step scenarios. Since the PPV and NPV of TST (≥10mm) was already high (all TB cases had a positive TST), we did not alter these characteristics for TST scenario. As in the main analysis, we assumed also in the sensitivity analysis that the PPV of the QFT-GIT and T-SPOT.TB would be the same in the direct comparison as in the 2-step.

In the third sensitivity analysis we used the probabilities of the second sensitivity analysis in combination with an improved specificity of QFT-GIT and TSPOT.TB to what is described in literature for other close contact groups. If screened with QFT-GIT or TSPOT.TB only, the specificity was changed to 30%, which means that from the 421 close contacts 126 were tested positive. If the close contacts were screened by means of TST in combination with one of the IGRA, than from the 421 close contacts 327 had a positive TST (≥5mm) of whom 126 tested had a positive IGRA. The specificity was than 38,6% (126/327). An overview of the probabilities used for the sensitivity analysis can be found in table1.

We analysed the influence of the uncertainty of the cost of LTBI treatment (increase with 10%, 50% and 75%), TB treatment and contact investigation (increase with 10%,25% and decrease with 10%) through single variable sensitivity analysis. Changes were also made in the costs of the QFT-GIT and the costs of the T-SPOT.TB, because of uncertainty of the number of samples tested at one time. The ranges of these costs (a reduction of €10-40 in costs) were based on best guesses. 
Also a sensitivity analysis was done for the cost per QALY. In the baseline calculations the side effects of INH treatment, like hepatotoxicity, nausea, dizziness, rash, peripheral neuropathy, were not taken into account. In the sensitivity analysis the QALY loss due to side effects was roughly estimated to be 0.01 QALY (best guess) for 6 month treatment with INH.

RESULTS
Cost effectiveness
Table 4 shows an overview of the different costs associated with the different scenarios. A large difference in the test cost of LTBI was found between the scenarios. The cheapest is TST with €16 per test /on average per test and most expensive is screening with T-SPOT.TB only with €110. This difference is caused mainly by the high staff costs associated with the execution of T-SPOT.TB. In disease screening only the cost for TB treatment is highest compared to the scenarios where close contacts are screened for LTBI. The largest group considered to have LTBI (defined by a positive test result) is found if screened with TST, which causes the high preventive treatment cost in this scenario.

Table 4 Average costs cost differentiation for each scenario
	scenarios
	Disease screening only
	TST
	QFT-GIT
	T-SPOT.TB.TB
	TST + QFT
	TST+ T-SPOT.TB.TB

	Cost screening LTBI
	
	€16
	€32
	€110
	€45
	€106

	Cost preventive treatment
	€0
	€112
	€71
	€77
	€72
	€80

	Cost TB treatment
	€206
	€118
	€138
	€137
	€133
	€141

	Cost contact investigation
	€20
	€11
	€13
	€13
	€13
	€13

	Total cost
	€226
	€257
	€254
	€337
	€263
	€340


If only screened for disease 0.0021 TB cases per screened case will be found. The average cost per screened case for the scenario disease screening only (scenario 1) was €225 (Table 5). If screened for LTBI with TST (scenario 2), the number of TB decreases to 0.012 per screened case. This means that 0.0088 TB case is prevented per case screened compared with disease screening only, so the corresponding ICER is € 3708 per TB case prevented. In the baseline calculations scenario 2 (TST) was most effective in preventing cases and scenario 3 (QFT) was the cheapest scenario with the lowest average costs compared to scenario 2,4,5 and 6. An overview of the baseline calculations can be found in table 5
If one TB patient is prevented, we assumed that 0.45 QALY was gained due to avoiding the burden of having TB and being treated (Habbema,2008). This relationship is used to calculate the last row of Table 5. In scenario 2 TST, the costs (€3,712) to prevent 1 TB case equals to a gain of 0.45 QALY , thus the cost to win 1 QALY was €8,249. The highest costs to gain a QALY were made in the scenario TST in combination with TSPOT (€39,424). 
Table 5 Effectiveness, costs and cost-effectiveness of 6 scenario’s (baseline calculations)
	 
	disease screening only
	TST
	QFT
	TSPOT.TB
	TST&QFT
	TST&TSPOT.TB

	number of TB patients
	0.02079
	0.01198
	0.01397
	0.01389
	0.01348
	0.01429

	Average cost scenario
	€ 225
	€ 258
	€ 254 
	€ 337 
	€ 262 
	€ 340

	prevented TB patients 
	 
	0.0088
	0.0068
	0.0069
	0.0073
	0.0065

	∆ cost
	 
	€ 33 
	€ 29 
	€ 112 
	€ 37 
	€ 115 

	Cost per TB case prevented1
	 
	€ 3,708 
	€ 4,216 
	€ 16,284 
	€ 5,046 
	€ 17,740

	Cost per QALY1
	 
	€ 8,241 
	€ 9,371 
	€ 36,188 
	€ 11,213 
	€ 39,424 


1) disease screening only is the comparator
The cost per TB case prevented was also calculated as an incremental CER from one scenario to the next, when ranked from cheapest to most expensive. Table 6 shows an overview . Scenario 3 (QFT-GIT), which had the lowest average scenario cost was compared with scenario 2 (TST), which is more effective than QFT-GIT, but also more costly. To prevent one TB case costs an additional €1,971. In the other calculations the test compared to the next cheapest was always less effective and more costly, so inferior.
Table 6  incremental cost calculation between test, ranked from less to more costs
	
	QFT-GIT
	TST
	TST&QFT-GIT
	TSPOT.TB
	TST&TSPOT.TB

	average cost scenario
	€ 254 
	€ 258 
	€ 262 
	€ 337 
	€ 340

	effects
	0.01397
	0.01198
	0.01348
	0.01389
	0.01429

	∆cost
	
	€ 4 
	€ 4 
	€ 76 
	€ 3 

	Prevented TB cases
	
	0.00199
	-0.00151
	-0.00040
	-0.00040

	Cost per TB case prevented
	
	€ 1,971 
	inferior 
	inferior 
	inferior 


Sensitivity analyses

The cost effectiveness outcome was sensitive for changes in the PPV and the NPV of the IGRA.  If the PPV and the NPV of the IGRA were improved, so the IGRA would not miss any TB cases, the outcome of the analysis changed. Screening with QFT-GIT and screening with TST in combination with QFT became than more effective and less costly than screening with TST only. The average cost of screening with QFT was €199 and screening with TST in combination was €207, while screening with TST alone was €258. Screening with TSPOT.TB or screening with TST in combination with TSPOT.TB was still more expensive than the other scenarios and were excluded in further analysis. 
Table 7  Effectiveness, costs and cost-effectiveness of 6 scenario’s (sensitivity analysis with a change of the PPV and NPV of QFT-GIT and TSPOT.TB)
	 
	disease screening only
	TST
	QFT
	TSPOT.TB
	TST&QFT
	TST&TSPOT.TB

	number of TB patients
	0.02079
	0.0.01198
	0.01397
	0.01389
	0.01348
	0.01429

	Average cost scenario
	€ 225
	€ 258
	€ 199
	€ 298 
	€ 207 
	€ 300

	prevented TB patients 
	 
	0.0088
	0.0118
	0.0105
	0.0123
	0.0102

	∆ cost
	 
	€ 33 
	-€25 
	€ 74 
	-18 
	€ 75 

	Cost per TB case prevented1
	 
	€ 3,708 
	dominant 
	€7,051 
	dominant 
	€7,434


1) disease screening only is the comparator 
The preventive treatment, which is carried out when someone has a positive test, will form a burden to the individual patient due to side effects of INH.  The calculations of the first two rows of table 8 were based on the following: QALY’s won were based on the prevented TB cases in the baseline calculations and the QALY loss was based on the probability that one close contact was tested positive, started with preventive treatment and was compliant or not. If we conservatively assume that side effects of INH produce 0.01 QALY loss for 6 months treatment with INH, than QALY loss instead of gain for scenario 2,4 and 6 occurred and still a small QALY gain in the scenarios 3 (QFT-GIT) and scenario 5 (TST &QFT). In that case scenario 2 which was the most cost effective in table 5 (baseline calculation) becomes inferior to disease screening only (scenario 1). It is therefore important to estimate the QALY-loss due to side effects of INH medication more precisely in future research as this may counterbalance the QALY-gain resulting from the prevention of TB-cases. 
Table 8 influence of side effects on QALY
	 
	TST
	QFT
	TSPOT.TB
	
	TST&QFT
	TST&TSPOT.TB

	QALY 's won
	0.00396
	0.00307
	0.00310
	
	0.00329
	0.00292

	QALY's lost due to side effects INH
	0.00466
	0.00296
	0.00322
	
	0.00298
	0.00332

	∆ QALY
	-0.00069
	0.00011
	-0.00012
	
	0.00030
	-0.00039


Discussion
In this cost-effectiveness analysis we showed that among immigrant close contacts in the Netherlands, screening for LTBI with TST was most cost effective. This result differs from the results of other cost effectiveness studies in which QFT-GIT and T-SPOT.TB were more cost effective compared to TST in screening for LTBI in close contact investigations (Diel,2007a; Diel,2007b;Oxlade,2006;Wrighton-Smith,2006). The close contacts assessed in these studies, included mainly persons with a low risk of prior infection and only a small proportion of the contacts were immigrants from high endemic countries. Furthermore these studies had to make strong assumptions on the predictive value of the different tests, which were not supported by any data from prospective studies. In our study the close contacts assessed were immigrants from high endemic countries and data were based on a prospective study.

In our study we did not asses the long term effectiveness of the different tests, but determined the costs and effects during the first two years after the contact investigation. TST and IGRA tests may be more cost effective if a longer period was taken into account, because if a TB case is prevented, less new TB infections will occur in the future, which could be more cost saving. Also we only considered the health care perspective, which excluded the economic cost of absence of work due to complications of the (preventive) treatment. Also the economic burden for a TB patient was not taken in to account. This was investigated in an earlier study and was found quite high for immigrant TB patients in the Netherlands (de Vries, 2008). If these costs would be taken into account, the costs for screening would be higher, which could make screening for LTBI less cost effective. Also the loss of QALY due to the burden of preventive treatment (complications) had negative influence on the cost effectiveness of the screening for LTBI, because more costs have to be made to gain one QALY or even a QALY loss could occur. 

In the estimation of the cost it was not always possible to obtain all actual costs, because of individual arrangements between MHS and suppliers or information about resources used was not available. The staff time in a contact investigation??? was a rough estimation and may have been estimated too low. When the cost of a contact investigation was increased, screening for LTBI was less cost effective. 

TST is not very specific in diagnosing LTBI, while the IGRA are considered to be more specific. There is no gold standard for diagnosing LTBI and in the PREDICT study the progression to TB disease was used as standard instead. It was thus assumed that the nine TB patients found in the PREDICT study were recently infected with TB when tested with TST, QFT-GIT and T-SPOT.TB, whereby TST was positive in all TB cases, the QFT-GIT did miss 3 cases while the T-SPOT.TB missed 2 cases (Kik, 2008). Most IGRA were done soon after diagnosis of the index case, and IGRA may have performed better if repeated 3 months after diagnosis of the index case. In the sensitivity analysis it was shown that had the QFT-GIT and T-SPOT.TB performed better, the QFT-GIT would have been more cost effective than TST. We further assumed that in close contacts with TST<5mm all IGRA were negative, but if some IGRA would have been positive, the PPV would be lower and the IGRA even less cost effective. The PREDICT data, and therefore our conclusions on the cost effectiveness, are limited to healthy immigrant contacts. 
In conclusion, the data presented suggest that TST is cost-effective for LTBI screening of immigrants contacts of TB patients in the Netherlands. PREDICT is one of the first studies to investigate the PPV and NPV of QFT-GIT and T-SPOT.TB among immigrants. Also further research should investigate whether diagnosing and treatment of LTBI is cost effective if a longer period is taken into account. 
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No QFT-GIT and T-SPOT.TB performed. Blood collection failed or was forgotten.
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TB cases during follow-up: 1 








QFT-GIT:     pos 164 (52.9%)


	     neg  146 (47.1%)





T-SPOT.TB: pos 168 (36.8%)


	      neg  114 (54.2%)
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TB cases during follow-up: 7
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QFT-GIT:     pos 14 (82.4%)


	     neg  3 (17.6%)





T-SPOT.TB:  pos 13 (76.5%)


	       neg 4 (23.5%)
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TB cases during follow-up: 1
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12 (3.5%) TST≥ 5mm





310 (91.4%) TST ≥ 5mm





17 (5.0%) TST known positive





339  contacts eligible for follow up





94 TST < 5mm





433 immigrant contact
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