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Summary  
Background  
Interferon-gamma release assays (IGRAs) such as the QuantiFERON-TB Gold In-Tube (QFT-
GIT) and T-SPOT.TB may be an alternative to the tuberculin skin test (TST) for the 

diagnosis of latent tuberculosis infection (LTBI). In immigrants the risk of a remote 
infection is high which may reduce the specificity of the tests for development of 
tuberculosis (TB) disease. This will affect the cost effectiveness of the IGRA as a screening 
strategy for LTBI and preventive treatment in this group.  
Aim  

To determine the cost-effectiveness of the use of the TST and IGRA, either alone or in 
combination, for detection of LTBI in immigrant contacts of sputum smear-positive TB 
patients.  
Methods  
A decision tree model was used to compare the expected costs and number of TB cases 
prevented in immigrant contacts within 2 years after the contact investigation. The 

following five strategies for LTBI screening were compared with the current practice of 
disease chest-X-ray screening only: 1) TST, 2) QFT-GIT, 3) T-SPOT.TB, 4) QFT-GIT after 
TST ≥5 mm, 5) T-SPOT.TB after TST ≥5 mm. Model inputs were derived from the PREDICT-
study; a prospective cohort study that compared the predictive values of these tests 
among immigrants.  
Results  
All strategies were more costly than the current practice. The incremental cost- 
effectiveness ratio (ICER) for LTBI screening was lowest when TST was applied as a single 
test (ICER= €2733). Strategies with IGRAs were more costly and avoided fewer TB cases.  
Conclusion  
Screening for LTBI in immigrant contacts is economically most attractive when the TST is 
applied. QFT-GIT may be a more cost-effective alternative if its sensitivity or specificity 
as a predictor for TB disease increases.  
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Background 
Contact investigation is one of the key components of tuberculosis (TB) control in low 
incidence countries. In contact investigations close contacts of newly diagnosed sputum 
smear-positive TB patients are screened for two reasons: 1) to detect disease in an early 

stage among contacts and treat them accordingly and 2) to identify contacts with latent 
TB infection (LTBI). This last group is offered preventive therapy with isoniazid (INH). It is 
estimated that about 50% of the individuals with LTBI who develop TB disease, will do so 
within the first 2 years after infection (1).  

The diagnosis of LTBI has been based on the tuberculin skin test (TST). However, TST 

is an imperfect test: false-positive TST results may be due to previous vaccination with 
bacille Calmette-Guerin (BCG) or infection with non-tuberculous mycobacteria (NTM) (2). 
Furthermore, the TST does not distinguish between recent and remote infections. Since 
immigrants are often BCG-vaccinated and have a high prevalence of remote infection with 
a relative low risk of breakdown to disease, the positive predictive value of the TST in 
immigrants may be limited. The current practice in The Netherlands is that close contacts 

of infectious TB patients are screened for active TB and LTBI by chest-X-ray (CXR) and TST 
at 0 and 2 months after the diagnosis of the index patient. Adult contacts born in high TB 
incidence areas usually receive two CXR screenings 0 and 3 months after the diagnosis of 
the index patient. They are not routinely assessed for LTBI, for reasons mentioned above, 
and therefore no preventive therapy is given. 

Two interferon-gamma release assays (IGRAs) -QuantiFERON-TB® Gold In-Tube 
(Cellestis, Carnegie, Australia) (QFT-GIT) and T-SPOT.TB® (Oxford Immunotec, Abingdon, 
UK) - offer an alternative to the TST for the diagnosis of LTBI. The IGRAs measure 
interferon-gamma produced by circulating T-cells upon stimulation with antigens of M. 
tuberculosis. Since the antigens used in these assays are absent in M. Bovis BCG and most 
NTM, IGRAs are more specific than the TST for diagnosing LTBI (3). Consequently, IGRAs 
have been recommended as either an alternative (4, 5) or as a confirmative test after a 
positive TST (6, 7). Although the cost of the T-SPOT.TB is higher than for the QFT-GIT, its 
sensitivity seems to be slightly higher (8).  

The cost-effectiveness of the IGRAs for detection and treatment of LTBI in contacts 
of TB patients has been assessed in several studies (9-12). Some studies assumed a low 

rate of positive test results (10-30%) among contacts and a perfect specificity for LTBI (9, 
10). These assumptions are not applicable to immigrants in whom a higher proportion of 
positive IGRA results has been observed (13). A study that assessed the use of IGRA for 
LTBI screening in immigrants, assumed equal sensitivity and specificity of the TST and 
IGRA in this population, which might not be true (12). Since no data were available at that 
time, most studies had to make assumptions on the predictive value of the IGRA. We 

recently determined the positive predictive value of QFT-GIT, T-SPOT.TB and TST for 
progression to active disease among immigrants who were a close contact of a sputum 
smear-positive TB patient in The Netherlands (13). These data were used in the decision 
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model of this study to determine the cost-effectiveness of TST, QFT-GIT, T-SPOT.TB and 
TST combined with either one of the IGRAs for detection of LTBI in immigrant close 
contacts, compared to the current practice of CXR screening for disease. 

 
 

Methods 
Contact investigation screening strategies  
The following five alternative strategies for the screening of LTBI in immigrant close 
contacts were assessed: 1) TST alone with an induration ≥10 mm being defined as positive, 

2) QFT-GIT alone, 3) T-SPOT.TB alone, 4) QFT-GIT only after TST ≥5 mm and 5) T-SPOT.TB 
only after TST ≥5 mm. All five strategies were compared with the current practice of 
disease screening with CXR only. For the modelling purpose we assumed that contacts who 
had positive test outcomes would be offered preventive therapy. Furthermore, we 
assumed that contacts were only tested once for the presence of LTBI. Our outcome of 
interest was the cost per prevented TB patient within a time period of 2 years after the 

contact investigation. This period was chosen as most cases who develop TB after recent 
infection will do so within the first 2 years (1). Analyses were performed by use of a 
decision tree model (Figure 1).  

 

prev=preventive; Tx=treatment; TB=tuberculosis 

Figure 1. Decision tree model for the screening and treatment of immigrant close contacts.  
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Clinical data on probabilities 
Baseline data for this analysis were taken from a recent prospective cohort study 
(PREDICT-study) that compared the TST with the QFT-GIT and T-SPOT.TB among 433 

immigrant close contacts in The Netherlands (13). The subjects of this study were healthy 
immigrants, aged 16 years or older. The majority (91.4%) of contacts were first generation 
immigrants, who were born in Africa (45%), Asia (36%) or South America (8%). BCG-scars 
were present in 81%, but it is likely that a higher proportion of them had been vaccinated, 
since not all vaccinated individuals develop a scar. In this study all contacts were tested 
with the TST at 0 and/or 3 months after the diagnosis of the index patient and if 

indurations were ≥5 mm, QFT-GIT and T-SPOT.TB were performed. Contacts with TST ≥5 
mm were followed, irrespective of their IGRA results, without preventive treatment for 
the following 2 years to monitor development of active TB disease. A summary of the 
characteristics of this cohort and the test results is given in Table 1.  
 

Table 1. Characteristics and test results of the PREDICT-study that was the basis for the 

probabilities of the decision model analysis.‡ 

 No. of close contacts entering 
contact screening, (%) 

Total 433 (100%) 
Gender  
  Male  238 (55%) 
  Female 188 (43%) 
  Unknown 7 (2%) 
Age (yr)  
  Mean (Range) 36 (16-68) 
Continent of birth   
  Europe, North America  36 (8%) 
  South America  35 (8%) 
  Asia 156 (36%) 
  Sub-Saharan Africa 76 (18%) 
  Other Africa 121 (28%) 
  Unknown 9 (2%) 
TST result  
  < 5 mm  94 (22%) 
  ≥ 5 mm 339 (78%) 
  ≥ 10 mm 288 (67%) 
QFT-GIT result (n=339)†  
  Positive  178 (53%) 
  Negative  149 (44%) 
  Blood collection failed 12 (4%) 
T-SPOT.TB result (n=339)†  
  Positive  181 (53%) 
  Negative  118 (35%) 
  Blood collection failed, test failure or inconclusive test result* 40 (12%) 

TST=tuberculin skin test, QFT-GIT: QuantiFERON-TB Gold In Tube, sd=standard deviation, mm=millimetres, yr=years. 
† According to the study protocol IGRA was only determined among contacts with TST ≥5 mm.* No T-SPOT.TB result 
because blood collection failed (n=12), technical failure (n=4), inconclusive test results (n=5) or insufficient blood 
collected to perform the test (n=19). ‡ The PREDICT-study assessed the predictive values of TST, QFT-GIT and T-
SPOT.TB in immigrant close contacts in The Netherlands 
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Assumptions 
Our base-case analysis considered a cohort of immigrant contacts that was similar to the 
one described in the PREDICT-study. These were all healthy contacts without any serious 

co-morbidity or immunocompromising disorders. We ignored the possibility of multidrug-
resistant TB (MDR-TB), which is uncommon in The Netherlands. Furthermore, we assumed 
that among contacts who entered our model, the presence of active TB was excluded on 
the basis of the two CXRs. Co-prevalent cases, diagnosed with TB within the first 3 months 
after the diagnosis of the index patient were excluded in the PREDICT-study and therefore 
also from this analysis.  

 
Probabilities 
Probabilities were derived from the PREDICT-study, the literature or information from the 
Dutch surveillance system. In the base-case analysis we assumed that 70% of the contacts 
who were considered to have LTBI accepted 6-months of preventive treatment (14), 78% 
of them would be compliant (14) and that a 6-month treatment would reduce the risk of  
 

Table 2. Probabilities and assumptions for LTBI screening and preventive treatment of immigrant 

close contacts in The Netherlands. 

 Base value Values in 
sensitivity 
analysis 

Effectiveness of LTBI treatment    
  Probability of starting preventive treatment (when test is positive) 70%  
  Probability of completing 6 months preventive treatment 78%  
  Reduction of risk of TB after 6 months preventive treatment 69%  
  Reduction of risk of TB after 3 months preventive treatment 
(assumed length of treatment among non-compliers was 3 months) 

31%  

  Combined effectiveness measure for preventive treatment #  42% 30-60%1 

Risk of development of active TB in first 2 years$    
  Disease screening only (total cohort) 2.08% Fixed  
Sensitivity (for TB disease)$   
  TST ≥ 5 mm 100%  
  TST ≥ 10 mm 100%  
  QFT-GIT positive, either alone or after TST≥5 mm  62.5% 100%2 

  T-SPOT.TB positive, either alone or after ≥5 mm 75.0% 100%2 

Specificity (for TB disease)$   
  TST ≥ 10 mm 34.2%  
  QFT-GIT positive  57.8% 70%3 

  T-SPOT.TB positive 53.2% 70%3 

  TST ≥ 5 mm 22.2%  
  QFT-GIT positive, after TST ≥5 mm 45.8% 54%3 

  T-SPOT.TB positive, after TST ≥5 mm 39.9% 54%3 

TST=tuberculin skin test, QFT-GIT=QuantiFERON-TB Gold In-Tube, TB=tuberculosis, CXR=chest-X-ray, PPV=positive 
predictive value, NPV=negative predictive value, LTBI=latent TB infection, mm=millimetres. # Measure of the 
“effectiveness” of preventive treatment policy was defined as probability of starting preventive 
treatment*probability of treatment compliance *expected reduction in development of TB after treatment 
completion + probability of starting preventive treatment*probability of treatment non-compliance*expected 
reduction in development of TB after non-compliant treatment. $ Values are based on the outcomes of the PREDICT 
study (13).1-3 Changed values in sensitivity analysis 1-3. 
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TB with 69% (15). We assumed that contacts who would not adhere to treatment, would 
stop their treatment after an average duration of 3 months, and that a 3-month treatment 
would reduce the risk of TB with 31% (15). Combining these probabilities we defined the 

estimated measure of the “effectiveness” of the preventive treatment policy to be 42% 
(0.7*0.78*0.69 + 0.7*0.21*0.31=0.422; Table 2). It was assumed that participants, who did 
not complete treatment, would receive 2 CXRs after they stopped their treatment. 
Contacts, who did not accept preventive treatment would be screened every six months 
with CXRs during two years follow-up.  

According to the PREDICT-study, 78% of the contacts had TST results ≥5 mm (66% ≥10 

mm) and of those who were tested and had valid test outcomes 54% were QFT-GIT positive 
and 61% T-SPOT.TB positive. Nine contacts developed active TB during a median follow-up 
period of 1.83 year, corresponding to a cumulative incidence of 9/433=2.08% in the total 
cohort. There were no TB cases among contacts with TST <5 mm. One case was not tested 
with TST, while another case was not tested with QFT-GIT and T-SPOT.TB. All cases had 
TST results ≥10 mm (sensitivity=100%), QFT-GIT was positive in 5/8 (sensitivity=62.5%) and 
T-SPOT.TB was positive in 6/8 patients (sensitivity=75%). Since the algorithm of the 
PREDICT-study included a two-step approach, no direct data were available for the 
strategies 2 and 3 where the IGRA were performed alone. We assumed that contacts with 
TST <5 mm would all have had negative QFT-GIT and T-SPOT.TB results, when being 
tested. By this assumption the positive predictive value (PPV) of the QFT-GIT and T-
SPOT.TB was similar in the two-step strategies as when used as a single test, but the 
negative predictive values (NPV) consequently differed between these strategies since the 
total number of negative IGRAs differed. Table 2 represents an overview of all 
probabilities. 
 

Costs 
This study was performed from the health care perspective, which means that we only 
included direct costs in the health care sector. Indirect costs such as time loss for health 
care visits were not included in this analysis. The calculation of the full cost price of the 
strategies for LTBI screening consisted of detailed measurement of investments in 
manpower, equipment, materials, housing and overhead. The salary schemes of hospitals 

and other health care suppliers were used to estimate costs per hour for each caregiver. 
Taxes, social securities and vacations were included. The costs of equipment included 
those of depreciation, interest and maintenance. Unit prices were determined by 
following the micro-costing method (16), which is based on a detailed inventory and 
measurement of all resources used. Staff members of three municipal health services 

(MHSs) were interviewed to collect data about the actual time spent on the execution of 
the different tests, the time involved in monitoring visits during preventive treatment or 
full TB treatment and the execution of a contact investigation. The selected MHSs were 
large to middle-large TB-control departments, and assumed to represent efficient settings. 
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Furthermore, staff of two laboratories with routine experience with the QFT-GIT or T-
SPOT.TB was interviewed to derive time estimates for the execution of the IGRAs. The 
material costs of the tuberculin, the QFT-GIT kit and T-SPOT.TB kit were based on the 

bottle or kit prices of the manufactures and the number of tests performed per unit. 
According to the staff interviews, on average five TSTs could be executed from one ml 
tuberculin, and the IGRAs were usually run with on average 12 samples per batch. 
Standardized cost prices for medication costs were used (17). All costs were expressed in 
2007 Euro’s (Table 3).  
 

Table 3. Assumptions for costs used in the decision model (Euros 2007). † 

 Base 
value 

Values in 
sensitivity 
analysis 

TST: 
including material costs (needle, tuberculin), administering, reading 

13.91  

QFT-GIT: 
including material costs (tubes, kit), consumables, blood collection, laboratory 
determination 

25.53 ‡ 108.64*6 

T-SPOT.TB: 
including material costs, consumables, blood collection, laboratory determination 

81.83 ‡ 102.36*6 

Preventive treatment: 
including medication (6H), 4 monitoring visits with TB nurse, 5 monitoring visits with 
TB physician, 2 liver function tests, 3 CXRs  

233 +25%4 

TB treatment and contact investigation: 
TB treatment: including medication (2HRZE/4HR), 5 monitoring visits with TB 
physician, 2 liver function tests, 3 CXRs, 14 hospital days, 29% treatment under DOT 
(60 hours nurse time) and 71% normal treatment supervision (50 hours nurse time) 
and contact investigation: including staff time, material costs, assessment costs for 
screening of 37 contacts on average 

11,520 +25%5 

TST=tuberculin skin test, QFT-GIT=QuantiFERON-TB Gold In-Tube, TB=tuberculosis, CXR=chest-X-ray, H=isoniazid, 
R=rifampicin, Z=pyrazinamid, E=ethambuthol, mm=millimetres. † Costs are based on cost prices of manufacturers, 
standard salary scales and time needed to perform the tests or supervise the patients (see for more details method 
section). ‡ Costs are based on an average number of 12 samples per batch. * Costs are based on an average of 1 
sample per batch.4-6 Changed values in sensitivity analysis 4-6. 

 

ICER 
Our outcome of interest was the incremental cost-effectiveness ratio (ICER) that 
represents the costs per prevented TB patient within the first two years after the contact 
investigation in the alternative strategies related to the current practice of disease 
screening only. The ICER is calculated by dividing the difference in the sum of the costs 
between a new strategy and the current practice (C1-C0) by the difference in effect (E1-E0) 

(18). The effectiveness is measured in terms of number of TB cases prevented. The higher 
the ICER the less cost-effective the strategy is. When a strategy is more effective and its 
costs are lower compared to the current practice, the ICER becomes negative and is called 
dominant. For each strategy the risk of developing active TB in the cohort and the costs 
associated with the strategy were calculated. The total costs per strategy was the sum of 
the costs associated with the LTBI screening, preventive treatment, TB treatment (for 
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cases who were not prevented) and the performance of a contact investigation multiplied 
with the probability that each would occur. Costs and effects were expressed for a 
hypothetical cohort of 1000 contacts. 

 
Sensitivity analysis 
To assess the robustness of our model, we performed 6 sensitivity analyses, changing one 
or more probabilities in the model. In the first analysis we changed the measure of 
“effectiveness” of preventive treatment policy from 42% to 30 and 60%. In the second 
sensitivity analysis, we assumed a sensitivity of both IGRAs of 100%; thus both IGRAs would 

than have predicted all contacts who developed disease, comparable to the TST. In the 
third analysis the specificity of the IGRA for TB disease was increased. When used as a 
single test the specificity was increased to 70%, which would correspond (applying the 
same ratio as in our base-value analysis), with a specificity of 54% of the IGRAs among 
those with a positive TST. This specificity may be possible in a population with a lower 
prevalence of remote infection. Furthermore, we assessed the influence of an increase in 
the costs associated with preventive treatment or TB treatment and contact tracing. Since 
the costs of the QFT-GIT and T-SPOT.TB used in the base-case were based on an average 
of 12 samples per batch, the last sensitivity analysis included the costs associated with the 
performance of 1 sample per batch.  
The PREDICT-study received ethical approval from the Netherlands Central Committee on 
Research Involving Human Subjects (CCMO, P04.1214C). No additional ethics approval was 
required for the current modeling study. 
 
 

Results  
Costs 
The total costs of the current practice, screening of contacts with two CXRs and no 
preventive treatment, were estimated to be €239,448 for screening of 1000 contacts. All 
strategies that included LTBI screening, were more costly than the current practice, but 
since contacts with LTBI were offered preventive treatment, TB cases were prevented in 
the alternative strategies. Our base-value analysis showed that from the assessed 

strategies, the TST only and QFT-GIT only strategy were the least costly, followed by TST 
in combination with QFT-GIT (Table 4). Strategies including the T-SPOT.TB either alone or 
after TST were considerable more costly. In all strategies most costs were attributable to 
the treatment of TB cases that were not prevented. Costs associated with LTBI treatment 
accounted for 42% of the total costs in the TST only strategy, while this was 25-26% in the 
other strategies. The costs for the strategies that used the IGRAs as a confirmative test 

were very similar to the costs of those using the IGRAs as a single test.  
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Effects 
With the current practice of disease screening only, in a cohort of 1000 immigrant 
contacts we calculated that 20.8 immigrants would develop TB within a period of 2 years 

(Table 4). When TST would be applied as a single test, in a cohort of 1000 immigrant 
contacts, 665 contacts would test positive of whom 466 would start preventive treatment. 
Under base-value assumptions this strategy would prevent 8.8 of the 20.8 TB cases. Since 
both IGRAs were less often positive than the TST, the number of contacts receiving 
preventive treatment was estimated to be lower in all the strategies including IGRAs (298 
for QFT-GIT, 332 for T-SPOT.TB). The number of TB cases avoided was less in these two 

strategies, respectively 5.5 for both strategies including the QFT-GIT and 6.6 for those 
including the T-SPOT.TB.  
 

Table 4. Base-case outcomes, costs, effects and incremental cost-effectiveness ratio of different 

strategies for LTBI screening in a hypothetical cohort of 1000 immigrant close contacts. 

 Current 
practice 

Alternative strategies 

Model outcomes Disease 
screening 
only* 

1.  
TST† 

2.  
QFT-GIT 

3.  
TSPOT 

4.  
TST+ 
QFT-GIT‡ 

5.  
TST+ 
TSPOTB‡ 

Number of persons tested 1000 1000 1000 1000 1000 1000 
Number of persons positive 0 665 426 474 426 474 
Number of persons starting 
preventive treatment 

0 466 298 332 298 332 

Number of persons completing 
preventive treatment 

0 363 233 259 233 259 

Number of TB cases not 
prevented 

20.79 11.96 15.27 14.17 15.27 14.17 

       
Costs associated with 
screening test (€) 

0 13,908 25,528 81,831 33,894 77,974 

Costs associated with LTBI 
treatment (€) 

0 111,841 71,684 79,688 71,684 79,688 

Costs associated with TB 
treatment (€) 

218,022 125,476 160,181 148,612 160,181 148,613 

Costs associated with contact 
investigation (€) 

21,425 12,331 15,741 14,604 15,741 14,604 

Total costs of strategy 239,448 263,556 273,133 324,735 281,500 320,879 
       
Difference in costs compared 
to reference (€) 

Ref. 24,109 33,686 85,288 42,052 81,432 

Difference in effect compared 
to reference  

Ref. 8.82 5.51 6.62 5.51 6.62 

ICER (€) Ref. 2,733 6,109 12,889 7,626 12,306 

ICER=incremental cost-effectiveness ratio, LTBI=latent tuberculosis infection, TB=tuberculosis, TST=tuberculin skin 
test, TSPOT=T-SPOT.TB; QFT-GIT=QuantiFERON-TB Gold In-Tube, Ref=reference. * Disease screening only consist of 
2 CXRs, performed at 0 and 3 months after the diagnosis of the index patient. † TST ≥10 mm is considered positive. 
‡ QFT-GIT or T-SPOT.TB are only performed after TST ≥5 mm. 
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ICER 
Combining the cost and effects, in the ICER, indicated that in the base-value analysis all 
strategies had a positive ICER. The ICER for the TST only strategy was by far the lowest 

(€2,733) (Table 4). ICERs for the strategies including QFT-GIT either alone or after TST 
differed only marginally and were €6,109 and €7,626 respectively. Strategies including the 
T-SPOT.TB alone or after TST had an ICER of €12,889 and €12,306 per prevented TB case. 
Although the incidence of TB among the close contacts in this cohort was considerable at 
2.08%, the number needed to be treated to prevent 1 TB case within the following 2 years 
was quite high for all strategies; 53 (466/8.82) for TST, 54 (298/5.51) for QFT-GIT and 

QFT-GIT after TST, 50 (332/6.62) for T-SPOT.TB and T-SPOT.TB after TST. 
 

Table 5. Outcomes of costs and effects and incremental cost-effectiveness ratio of different 

sensitivity analysis for LTBI screening strategies in a hypothetical cohort of 1000 immigrant close 

contacts. 

 Alternative strategies* 
Model outcomes 1.  

TST† 
2.  
QFT-GIT 

3.  
T-SPOT.TB 

4. TST+ 
QFT-GIT‡ 

5. TST+ 
T-SPOT.TB‡ 

Base value      
  Difference in costs (€) 24,109 33,686 85,288 42,052 81,432 
  Prevented TB cases (∆ effect) 8.82 5.51 6.62 5.51 6.62 
  ICER (€) 2,733 6,109 12,889 7,626 12,306 
Sensitivity analyses      
1a. Measure of the “effectiveness” of preventive treatment policy decreased from 42% to 30% 
  Difference in costs (€) 20,652 30,995 83,943 39,362 80,086 
  Prevented TB cases (∆ effect) 6.24 3.90 4.68 3.90 4.68 
  ICER (€) 3,312 7,953 17,949 10,100 17,125 
1b. Measure of the “effectiveness” of preventive treatment policy increased from 42% to 60% 
  Difference in costs (€) 2,952 20,796 68,639 29,162 64,782 
  Prevented TB cases (∆ effect) 12.47 7.79 9.35 7.79 9.35 
  ICER (€) 237 2,668 7,338 3,741 6,926 
2. Sensitivity (for TB disease) of the QFT-GIT and T-SPOT.TB increased to 100% 
  Difference in costs (€) 24,109 -3,119 60,752 5,247 56,895 
  Prevented TB cases (∆ effect) 8.82 8.82 8.82 8.82 8.82 
  ICER (€) 2,733 -354 6,886 595 6,449 
3. Specificity of the QFT-GIT and T-SPOT.TB increased to 70% (single test) and 54%(two-step approach) 
  Difference in costs (€) 24,109 13,583 57,618 31,503 63,314 
  Prevented TB cases (∆ effect) 8.82 5.51 6.62 5.51 6.62 
  ICER (€) 2,733 2,463 8,707 5,713 9,568 
4. Costs of preventive treatment increased with 25% 
  Difference in costs (€) 45,267 47,247 100,364 55,613 96,507 
  Prevented TB cases (∆ effect) 8.82 5.51 6.62 5.51 6.62 
  ICER (€) 5,131 8,568 15,167 10,085 14,584 
5. Costs of TB treatment and contact investigation increased with 25% 
  Difference in costs (€) -1,302 17,804 66,231 26,171 62,274 
  Prevented TB cases (∆ effect) 8.82 5.51 6.62 5.51 6.62 
  ICER (€) -148 3,229 10,009 4,746 9,426 
6. Costs of QFT-GIT and T-SPOT.TB based on 1 sample per batch instead of 12 per batch 
  Difference in costs (€) 24,109 116,798 105,818 107,122 97,504 
  Prevented TB cases (∆ effect) 8.82 5.51 6.62 5.51 6.62 
  ICER (€) 2,733 21,181 15,991 19,426 14,735 

TST=tuberculin skin test, QFT-GIT=QuantiFERON-TB Gold In-Tube, TB=tuberculosis, LTBI=latent TB infection, 
ICER=incremental cost-effectiveness ratio. * All strategies are compared with the current practice of disease CXR 
screening only. † TST ≥10 mm is considered positive. ∆=difference. ‡ QFT-GIT or T-SPOT.TB are only performed after 
TST ≥5 mm 
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Sensitivity analysis 
Changing the estimated effect of preventive treatment, the TST only strategy was still the 
most cost-effective (Table 5). Even when the measure of the “effectiveness” of 

preventive treatment policy was reduced to 30%, most TB cases were prevented when the 
TST was used as the diagnostic test for LTBI. When we assumed that both QFT-GIT and T-
SPOT.TB would have predicted correctly all contacts that would develop TB, and the 
sensitivity of these tests would be 100%, the ICERs and their orders changed. QFT-GIT, 
when applied as a single test, was dominant (ICER= - €354) compared to the current 
practice. The ICER of the strategy including QFT-GIT after a positive TST (ICER= €595) 

became more cost effective than the TST (ICER= €2733). The strategies including the T-
SPOT.TB as a diagnostic test were still economically least attractive in our setting. The 
ICERs changed  
 

TST=tuberculin skin test, QFT-GIT=QuantiFERON-TB Gold in tube, TB=TB, LTBI=latent TB infection, TB=TB, 
ICER=incremental cost-effectiveness ratio.The ICER represents the costs per prevented TB case, in comparison to 
the current practise of disease screening only. Numbers on x-axis refer to the sensitivity analysis;1a) the measure of 
the “effectiveness” of preventive treatment policy was increased from 42% to 30%; 1b) the measure of the 
“effectiveness” of preventive treatment policy was decreased from 42% to 60%; 2) sensitivity of the QFT-GIT and T-
SPOT.TB increased to 100%; 3) Specificity of the QFT-GIT and T-SPOT.TB increased to 70% (single test) and 54%(two-
step approach); 4) costs of preventive treatment increased with 25%; 5) costs of TB treatment and contact 
investigation increased with 25%; 6) costs of QFT-GIT and T-SPOT.TB based on 1 sample per batch instead of 12 per 
batch. 

Figure 2. Incremental cost-effectiveness ratios (ICERs) of different strategies for LTBI screening in 

immigrant contacts. 
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when the specificity of the IGRA was increased. When we assumed a specificity of 54% 
(after TST) and 70% (single test) of both IGRA, rather than 40-58%, QFT-GIT became more 
cost-effective (ICER= €2,463). Increasing the costs of preventive treatment or the costs 

associated with TB treatment and contact investigation did not change the order of the 
ICERs. When both IGRAs would be run with 1 sample at a time instead of a batch of 12, 
the costs for one sample were €108 for QFT-GIT and €102 for T-SPOT.TB. However, using 
these values instead, the TST only strategy remained the most cost-effective, since all 
strategies including one of the IGRA became more costly. 
 

 

Discussion 
Although it has been recognized that LTBI screening of immigrant contacts with the TST 
may have a suboptimal predictive value for disease due to the higher prevalence of 
positive TST results attributable to remote infection, NTM infection or BCG-vaccination, 
our study suggests that TST is the most cost-effective test for LTBI screening in immigrant 

contacts. The strength of our study is that the data used as input for our decision tree 
model were obtained from a prospective cohort study (PREDICT-study) among immigrant 
contacts wherein all 3 tests where assessed. Although all strategies for LTBI screening 
were more costly than the current practice of disease screening by CXR only, in the 
strategies that screened for LTBI TB cases were prevented. Strategies including QFT-GIT 
or T-SPOT.TB were more costly and avoided fewer TB cases compared to TST. The 
incremental cost-effectiveness ratio for the QFT-GIT (either alone or after a positive TST) 
was more than 2 times higher than when the TST was applied. Moreover, strategies 
including the T-SPOT.TB were much more expensive and not economically attractive, due 
to the higher costs associated with the performance of this test.  

Our sensitivity analysis demonstrated that the order of the ICERs did not differ when 
the costs of preventive treatment, TB treatment and the performance of contact 
investigation were increased. However, the QFT-GIT became an economically more 
attractive alternative, and could even become cost-saving, when sensitivity of the test 
would increase. When the specificity of the IGRA would increase, as may be possible in a 
population with a lower background prevalence of remote LTBI, the cost-effectiveness of 

the QFT-GIT became comparable to the TST strategy. Data used in this study were from 
immigrant contacts of infectious (smear-positive) patients. 

Several studies have assessed the cost-effectiveness of the IGRA as a diagnostic 
method for the detection of LTBI in contacts (9-12, 19). Due to the lack of a gold standard 
for LTBI and no available data at the time of study on the predictive value for progression 
to disease, these studies had to make assumptions about the sensitivity and specificity of 

the TST and IGRA for TB disease. A strength of our study was that we could use the input 
from a recent prospective cohort study that directly compared the prognostic value of TST, 
QFT-GIT and T-SPOT.TB among immigrants (13). Two studies (11, 12), that made use of a 
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Markov model and assessed the costs and benefits over a time-span of 20 years also 
focused on the cost-effectiveness of IGRAs in immigrants or foreign-born contacts. They 
concluded that the QFT was the most cost-effective test to use in that population. One of 

these studies compared the cost-effectiveness of screening foreign-born contacts with CXR, 
TST, QFT and TST followed by QFT (12). The authors demonstrated that screening for LTBI 
with TST or QFT were both cost-saving in a foreign-born population of contacts with a high 
risk of disease. Savings would be greater with TST than with QFT, except when BCG was 
given after infancy. The performance of the TST and QFT was assumed to be equal in this 
study, resulting in the same effectiveness (number of TB cases prevented), but at 

different costs. This differs from our observation in the PREDICT-study, where the 
sensitivity of the QFT-GIT and T-SPOT.TB for development of TB disease were lower than 
that of the TST in immigrant contacts. Nevertheless, when we assumed that the sensitivity 
of the IGRA would be 100%, similar to the TST, we also found that screening with QFT-GIT 
would become cost saving. So far only one study compared the cost-effectiveness of the 
T-SPOT.TB with the TST (10). Although this study concluded that T-SPOT.TB only was the 
most cost-effective strategy for detection and treatment of LTBI in close contacts, 
opposed to the TST (10), we found otherwise. This difference is likely the result of the 
different type of contacts studied (autochthonous vs foreign-born) and the lower 
sensitivity and specificity of the T-SPOT.TB found in our study population of immigrant 
contacts.  

Our study had some limitations. We only took the costs and effects over a 2-year 
period into account and did not model the possible infection of secondary TB cases, as is 
done with Markov modelling. The possible benefits of all strategies are therefore likely to 
be underestimated since more cases (and costs) are avoided than just those within the 
first 2 years. Also, the possibility of side-effects due to LTBI treatment was not included in 

our model. Usually the occurrence of side-effects will result in disruption or unfinished 
preventive treatment, which we modelled by changing the estimated measure of the 
“effectiveness” of preventive treatment policy. Only in the rare occurrence of extreme 
hepatotoxicity this would have lead to increased costs and be in line with the sensitivity 
analysis in which we increased the costs of LTBI treatment. When we evaluated the 
influence of an increase of 25% of the costs of LTBI treatment, TST was still the most cost-

effective strategy to use. In the PREDICT-study IGRAs were only performed after a positive 
TST (>5 mm), therefore we had no direct data on the performance of the IGRA when used 
as a single test. We assumed that contacts with a TST result <5 mm would be negative for 
both IGRAs. This assumption may have led to an underestimation of the true number of 
contacts with a positive test and resulted in a more optimistic ICER for the QFT-GIT only 

and T-SPOT.TB only strategies. Finally, the actual number of contacts who developed TB 
in the PREDICT-study was low. More longitudinal studies are needed to determine the 
precise sensitivity of both IGRA for disease development.  
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In conclusion, screening for LTBI in immigrant contacts is economically most attractive 
when the TST is applied. QFT-GIT may be a more cost-effective alternative when its 
sensitivity or specificity for development of TB disease is higher than found in our 

PREDICT-study.  
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