
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Tuberculosis control among immigrants

Mulder, C.

Publication date
2013

Link to publication

Citation for published version (APA):
Mulder, C. (2013). Tuberculosis control among immigrants. [Thesis, fully internal, Universiteit
van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/tuberculosis-control-among-immigrants(4dad12b3-cb5e-4d5c-98ec-e77971aa53c9).html


Entry screening of immigrants in the Netherlands 
for latent tuberculosis: a cost-effectiveness 
analysis

Christiaan Mulder*, Jesse Verdier*, Rob Baltussen, Martien W Borgdorff, Jan Hendrik 

Richardus, Frank van Leth, Sake de Vlas

*Shared first authorship

In preparation

Chapter   4

Proefschrift mulder.indb   49 28-2-2013   08:11:44



Chapter 4

ABSTRACT

Background: Elimination of tuberculosis in countries with high immigration and low 

tuberculosis incidence rates will not be possible without targeted screening of newly 

arriving immigrants. The objective of this study was to establish the cost-effectiveness 

of entry screening strategies for latent tuberculosis infection (LTBI) and to compare these 

with the current screening (chest X-ray) and with no screening at all. 

Methods and Findings: We developed a Markov compartmental cohort model and 

estimated the costs (healthcare perspective) and effects (quality adjusted life years[QALYs]) 

over a 20 year analytic horizon for four cohorts of 10,000 immigrants stratified by TB incidence 

in country of origin, 50/100,000 population, 100/100,000, 150/100,000, 350/100,000. 

LTBI screening included testing by tuberculin skin test (TST), by QuantiFERON®-TB Gold 

In-Tube assay (QFT-GIT), or in a two-step strategy (TST followed by QFT-GIT if positive [≥10 

mm]). CXR screening was offered to all detected with LTBI. Preventive therapy was offered 

to those who were detected with LTBI but were free of tuberculosis disease. Screening for 

LTBI was more cost-effective than screening all for active TB by CXR. Screening with the 

two-step strategy was most cost-effective in all cohorts, except in the 350/100,000 cohort 

were screening with the TST was most cost-effective. Screening for LTBI became more 

cost-effective if the incidence in the country of origin increased; it cost €71,000, €53,000, 

€50,000 and €43,000 per QALY gained for immigrants coming from countries with an 

incidence of 50/100,000, 100/100,000, 150/100,000 and 350/100,000, respectively.      

Conclusions:

Screening newly arriving immigrants for LTBI either by TST or QFT-GIT would considerably 

increase the cost-effectiveness of the immigrant screening program, especially in those 

coming from countries with an incidence of at least 100/100,000 population. 
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INTRODUCTION

In many low-incidence countries, the majority of tuberculosis (TB) patients are foreign-

born (1). In 2010 in the Netherlands, 73% of all TB was diagnosed among the foreign-born 

(2), while this percentage is projected to be 85% in 2030 (3). The incidence of TB among 

the foreign-born in 2010 was nearly 30 times higher than among the native population 

(45.6 cases per 100,000 people per year vs. 1.6 per 100,000) (2). TB among the foreign-

born is largely attributable to reactivation of latent TB infection (LTBI) (4). 

Elimination of TB in countries with high immigration and low TB incidence rates will 

not be possible without targeted screening of newly arriving immigrants (5). Screening 

immigrants at entry for LTBI and offering prophylactic treatment could strongly reduce the 

TB incidence in this population and reduce the transmission of TB (6). Up to now screening 

for LTBI was considered inappropriate in the Netherlands given the low specificity of the 

tuberculin skin test (TST) in this population, due to cross reactivity with bacille Calmette-

Guérin (BCG) vaccination and atypical mycobacteria (7-8). Interferon gamma release 

assays (IGRAs), such as the QuantiFERON®-TB Gold In-Tube assay (QFT-GIT), are more 

specific for detecting LTBI than TST in BCG-vaccinated individuals (9-11). In a previous 

study we determined that 20% of immigrants had a positive QFT-GIT result, and that those 

with a positive QFT-GIT were at risk for progression to disease of around 500/100,000 

population within two years after entry (12).

The current Dutch policy specifies a mandatory entry screening for active TB by chest X-ray 

(CXR) for all immigrants >12 years from non-Western countries who intend to stay longer 

than three months (13). Subsequently, voluntary CXR screening is offered to immigrants 

from high incidence countries (≥200/100,000) at six months intervals in the first two years 

after immigration. Annually ± 20.000 newly arrived immigrants are screened by CXR at 

entry.

Two recent studies showed the Dutch entry screening was not cost-effective. Habbema et 

al. suggested that the costs per gained QALY of the current strategy was higher than the 

willingness to pay (WTP) threshold of the Dutch government of €80.000 per QALY (14). 

Erkens et al. showed that the coverage of the follow-up screening was low and that the TB 

incidence among newly arriving immigrants was largely a result of reactivation of latent TB 

infection (LTBI) and extrapulmonary TB, both not accounting for in the current screening 

strategy (15).

The new possibility for LTBI screening with the QFT-GIT rather than screening for TB only 

support a re-evaluation of entry screening strategies. The objective of this study was to 

establish the cost-effectiveness of entry screening strategies for LTBI and to compare these 

with the current screening by means of CXR and with no screening at all.
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METHODS

Description of the model

A Markov compartmental cohort model was developed to assess the cost-effectiveness of 

alternative entry screening strategies compared to no entry screening. This model simulated 

the natural history of TB over various health stages over a 20 year analytic horizon for a 

hypothetical cohort of 10,000 immigrants, given the alternative screening strategies.

The model consisted of seven natural history health stages: never infected, LTBI, early TB, 

quiescent, active pulmonary TB (PTB) & ETB, TB treatment success, and LTBI prophylactic 

treatment completed (Figure 1). Persons could die from TB if they had active TB, which 

was the only stage during which severe TB symptoms were experienced. Non-TB mortality 

was included in the model, as well as remigration.

Figure 1. Schematic overview of the compartmental model.

The health stage in which immigrants arrived in the Netherlands was determined by running 

the model for a country of origin with an average TB incidence (100/100,000 persons). 

The composition in health stages was fitted to the observed infection prevalence and 

TB incidence for the median age when arriving in the host country (12). Three additional 

hypothetical populations were considered: a population with a low incidence equal 

among the foreign-born (50/100,000), an intermediate incidence (150/100,000) and high 

incidence cohort (350/100,000) (Table 1b). Mortality and healthcare performance was 

varied according to the country of origin, by using aggregated data from the WHO 2010 

TB burden estimates.

Among 10,000 migrants undergoing entry screening, treatment rates for TB and LTBI 

depended on test sequence and their sensitivity and specificity, as well as the treatment 

acceptance rate. After entry screening, the only way to obtain treatment was by 

self-reporting of those with active TB since voluntary follow-up screening was ignored in 

52

Proefschrift mulder.indb   52 28-2-2013   08:11:45



Cost-effectiveness screening immigrants

Chapter

4

the model. We assumed the health seeking behaviour and mortality of immigrants would 

adjust (over time) to that of the host country.

Screening strategies

Four entry screening strategies were compared to the baseline (no screening): 1) CXR only. 

Any abnormalities on the CXR suggestive for active TB was followed by acid fast bacilli 

smear microscopy on three samples, as well as culturing and drug sensitivity testing, in 

accordance to Dutch protocol. As this sequence is highly sensitive and unvaried in this 

analysis, 100% sensitivity and specificity were assumed; 2) QFT-GIT; 3) TST (positive if ≥10 

mm) 4) TST if positive followed by QFT-GIT. CXR screening was offered to all detected 

with LTBI. Preventive therapy was offered to those who were detected with LTBI but were 

Table 1a. Model parameters for a cohort of 10.000 newly arriving immigrants. 

Parameter Parameter 
value

Sensitivity analysis 
values (linked 

analysis group)

Reference

Biological parameters

Average duration latent activation (years) 89.7† $¶ (a) (30)

Average duration Early TB regression (years) 3.33 $ (b) (31), Murray 

Average duration Early TB progression (years) 2.22 $ (b) (31), Murray

Ratio Extrapulmonary TB : Pulmonary TB 1:1 - (2)

Average duration active disease regression (years) 3.07 $ (c) (31), Murray

Average duration active disease before 
hospitalization (years)

1.48 $ (c) (31), Murray, 1 (2)

Early TB average duration (months) 9 $ (b) (31), Murray

Average active TB episode duration (months) 12 $ (b) (31), Murray,(32)

Active disease hospitalization (average cases / year) 0.43 - (2)

Quiescent reactivation + relapse (annual inc) 89/100.000 $ (a)

QALY loss in one year active TB disease 0.29 0.15-0.4 (33)

Secondary TB cases per PY pulmonary TB 1.45 0.5-2.5 (6)

QALY lost due to secondary cases and infections 0.36 - Assumption

Epidemiological parameters

Average Dutch Annual risk of TB infection 50/100.000 34-75/100.000 (d) (2)

Average Dutch Annual risk of TB re-infection 7.4/100.000 4.8-11.1/100.000 (d) (34)

Average self reporting delay active disease (weeks) 12 8-18 weeks (2)

Passive case finding (average cases / year) 5.25 $

QALY loss per life year due to TB mortality 0.85 0.5-1.0 Default Assumption

BCG vaccination prevalence 70% 50%-90% (12)

BCG administered within 1st year of life 78% - (12)

Screening parameters

Screening participation 100% 66% (15)

TST read 100% 75%-50% Assumption

TST sensitivity LTBI 89% 60%-99% (e) (18, 35-36) 

TST sensitivity TB 70% 45%-98% (e) (18, 36)

TST specificity (LTBI or TB)* 98% 80% (18)

TST cross-reaction in BCG (1st year vaccinated) 7% 3%-11% (f) (37)
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Table 1a. Model parameters for a cohort of 10.000 newly arriving immigrants.  (cont.)

Parameter Parameter 
value

Sensitivity analysis 
values (linked 

analysis group)

Reference

TST cross-reaction in BCG (late vaccinated) 40% 24%-60% (f) (8, 37)

QFT-GIT sensitivity LTBI 83% 60%-98% (g) (16, 35-36)

QFT-GIT sensitivity TB 81% 60%-98% (g) (16, 35-36)

QFT-GIT specificity (LTBI or TB) 98% - (16-17)

CXR sensitivity LTBI 11% - (16, 25)

CXR sensitivity TB 81% 65%-100% (h) (16, 25)

CXR sensitivity Old TB 50% 40%-60% (h) (14)

CXR specificity 100% - Assumption

Smear + culture sensitivity 100% - Assumption

Smear + culture specificity 100% - Assumption

Treatment parameters

TB treatment completion 98% 80% (i) (2)

Screening treatment TB initiation 97% 80% (i) (2)

LTBI prophylaxis adherence 77% 60% (i) (2)

LTBI prophylaxis uptake 76% 50%-90% (2)

Side effect probability 0.01% - (2)

Mortality during TB treatment (total) 1.7% $ (2)

QALY loss TB treatment (over 6 month regime) 0.0033 0-0.0066 (j) Assumption

QALY loss LTBI prophylaxis (over 3 month regime) 0.00125 0-0.0025 (j) Assumption

Fraction DOTS 0.30 $ (2)

Fraction contact investigation initiated 0.70 - (2)

QALY lost due to hospital admission and treatment 
(per day)

0.000685 0-0.0013 (j) (33)

Costs

QFT-GIT € 50 25-82 (12) (38)

TST € 15 $ (38)

CXR € 50 $ (14)

TB confirmation (smears, cultures, PCR) € 300 - (39)

Contact investigation € 25.000 10.000-50.000 Expert 
communication, 

National Institute for 
Public Health and the 

Environment.

Active TB treatment (6 months) € 727 500-1000 (39)

Monitoring visits (6 months) € 240 - (18)

DOTS € 4.300 -Expert communication

Latent TB preventive therapy (3 months) € 231 150-350 (39)

Hospitalisation passive case finding € 5.725 - (39)

Hospitalisation screening € 3.083 - (39)

Side effects – liver cirrhosis treatment € 3.655 - Expert 
communication,

Abbreviations: QALY: Quality Adjusted Life Year, PY: person year, BCG: bacille Calmette-Guérin, TST: tuberculin 
skin test, QFT-GIT: Quantiferon-TB Gold In-Tube assay, CXR: chest X-ray, LTBI: latent TB infection, DOTS: directly 
observed therapy short course, PCR: polymerase chain reaction. †Equals 5.795% activation to Early TB within 10 
years. *TST specificity in non BCG-vaccinated persons.
¶ The ‘$’ refers to the default sensitivity analysis multiplication factors used of 0.66 and 1.5.
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free of TB disease. In all strategies, if a test was negative (or CXR was normal) no follow-

up was required. The test characteristics are listed in table 1a.

Effects and costs

The cost-effectiveness of the screening strategies was assessed by comparing both 

quality of life and costs. We calculated the incremental cost effectiveness ratio (ICER) 

for each strategy in order of cost-effectiveness compared to the baseline to determine 

which strategies were within the WTP threshold of €80,000 per QALY. The effects 

were assessed by determining the quality adjusted life years (QALY) lost due active TB, 

secondary cases and infections, side effects due to TB treatment or prophylactic treatment, 

hospital admission and TB mortality. Costs were assessed from a healthcare perspective 

including the diagnostic tests, medication, staff costs (treatment monitoring, counselling, 

diagnostics), hospitalization and side effects. The effects and costs are listed in Table 1a. 

Annual discounting at the Dutch rates of 4% for costs and 1.5% for effects was applied. 

Sensitivity analyses

Sensitivity analysis has been performed to determine which included factors weighted 

heaviest on the cost-effectiveness ratio for the most cost-effective interventions for the base 

cohort. All parameters were included in the sensitivity analysis, unless otherwise specified 

(Table 1a) and in addition tested in combination with correlated parameters if correlated or 

mediating. The pre-runner model was kept constant in the sensitivity analysis. The default 

range for parameters in the sensitivity analysis was the standard 1/3rd multiplication of 

the parameter values used in the model, unless otherwise specified in Table 1a. Those 

parameters that caused a deviation greater than 10% in the cost-effectiveness ratio for the 

most cost-effective interventions were presented in the results.

PASW Statistics 17.03 (IBM SPSS software) and Excel 2010 (Microsoft) were used for 

parameterisation of the model. The model was build and used in Modelmaker 3.03 

(Modelkinetix).

Table 1b. Model assumptions for cohorts stratified by TB incidence in country of origin.

Parameter Observed in 
(12, 15)

Incidence in country of origin per 100.000 population

50 100 150 350

QFT-GIT positive at arrival 20% 9% 20% 24% 41%

2 year TB incidence (per 10.000) 11 4 9 9 12

TB prevalence at arrival 0.1% 0.1% 0.2% 0.2% 0.4%

Percentage ETB of all TB at entry 20% 20% 18% 17% 18%

Ever treated for TB 1.3% 0.7% 1.7% 2.1% 4.1%

Abbreviations: QFT-GIT: Quantiferon-TB Gold In-Tube assay, ETB: Extrapulmonary TB
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RESULTS

Compared to no screening, the strategies including screening for LTBI reduced around 

30% of QALY loss in all four incidence cohorts. Screening all newly arriving immigrants 

with CXR however, hardly resulted in a decrease of QALYs lost; 0.6, 1.5, 2.1, 3.7 less 

QALYs were lost for immigrants coming from countries with an incidence of 50/100,000, 

100/100,000, 150/100,000 and 350/100,000, respectively (Table 2). The total costs of no 

screening were €488,000, €1,043,000, €1,302,000, €2,176,000, for the four incidence 

cohorts, respectively, whereas the costs for CXR screening were €980,000, €1,575,000, 

€1,787,000, €2,650,000, respectively. Screening for LTBI was more expensive and did 

therefore not result in net savings; the cheapest strategy was the two-step strategy and 

cost €922,000, €1,792,000, €2,099,000, €3,351,000, respectively. The costs for all 

screening strategies thus increased when the incidence in the country of origin of the 

immigrants increased. The main reason for these increasing costs when screening for LTBI 

Table 2. Effects of screening strategies for four hypothetical cohorts

Cohort No screening CXR TST QFT-GIT TST+ QFT-GIT

50/100,000

TB Episodes 40.2 40.2 23.2 23.8 26.1

TB Deaths 0.9 0.9 0.5 0.5 0.6

Secondary cases 17.9 16.8 9.9 10.0 11.4

QALY lost TB 10.2 9.7 7.1 6.5 7.1

QALY lost mortality 9.5 9.4 5.5 5.6 6.2

Total QALY lost 19.7 19.1 12.6 12.1 13.3

100/100,000

TB Episodes 90.2 90.1 52.3 53.5 58.8

TB Deaths 2.0 2.0 1.1 1.2 1.3

Secondary cases 40.4 37.6 22.2 22.3 25.7

QALY lost TB 22.8 21.6 14.8 14.3 15.8

QALY lost mortality 21.3 21.0 12.4 12.4 13.9

Total QALY lost 44.1 42.6 27.2 26.7 29.7

150/100,000

TB Episodes 108.1 108.0 62.9 64.3 70.6

TB Deaths 2.4 2.4 1.3 1.4 1.5

Secondary cases 48.5 44.9 26.6 26.8 30.8

QALY lost TB 27.4 25.7 17.4 17 18.9

QALY lost mortality 25.6 25.2 14.8 14.9 16.7

Total QALY lost 53.0 50.9 32.2 31.9 35.6

350/100,000

TB Episodes 181.5 181.3 105.6 107.8 118.6

TB Deaths 4.1 4.0 2.2 2.3 2.5

Secondary cases 81.7 75.1 44.6 44.6 51.8

QALY lost TB 46 43 28.5 28.2 31.7

QALY lost mortality 42.9 42.2 24.9 24.8 28.0

Total QALY lost 88.9 85.2 53.4 53.0 59.7

56

Proefschrift mulder.indb   56 28-2-2013   08:11:45



Cost-effectiveness screening immigrants

Chapter

4

were the number of immigrants who were offered prophylactic treatment (Table 3), since 

the prevalence of LTBI was positively associated with the incidence in the country of origin. 

For the CXR screening strategy the increased costs were related to costs associated with a 

higher number of active TB (Table 3).  

Screening for LTBI was in all cohorts more cost-effective (i.e. a lower cost-effectiveness ratio 

versus no screening) than screening all for active TB by CXR (Table 4). Screening with the 

two-step strategy was most cost-effective in all cohorts, except in the 350/100,000 cohort 

were screening with the TST was most cost-effective. Screening for LTBI became more 

cost-effective if the incidence in the country of origin increased; it cost €71,000, €53,000, 

€50,000 and €43,000 per QALY gained for immigrants coming from countries with an 

Table 3. Costs of screening strategies for four cohorts†

Cohorts No screening CXR TST QFT-GIT TST+QFT-GIT

50/100,000

TST € 0 € 0 € 148 € 0 € 148 

QFT-GIT € 0 € 0 € 0 € 493 € 95 

CXR € 0 € 493 € 95 € 53 € 40 

Culture & Smear € 2 € 6 € 6 € 5 € 4 

Contact tracing € 226 € 218 € 124 € 126 € 142 

TB treatment € 138 € 140 € 78 € 81 € 88 

LTBI treatment € 0 € 0 € 810 € 460 € 326 

DOTS € 87 € 89 € 50 € 52 € 56 

Hospitalization € 33 € 32 € 18 € 19 € 21 

Side effects € 2 € 2 € 1 € 1 € 2 

Total costs € 488 € 980 € 1,33 € 1,29 € 922 

100/100,000

TST € 0 € 0 € 148 € 0 € 148 

QFT-GIT € 0 € 0 € 0 € 492 € 146 

CXR € 1 € 493 € 146 € 107 € 88 

Culture & Smear € 5 € 15 € 12 € 11 € 9 

Contact tracing € 503 € 482 € 273 € 277 € 313 

TB treatment € 306 € 311 € 173 € 180 € 196 

LTBI treatment € 0 € 0 € 1,22 € 927 € 719 

DOTS € 193 € 198 € 110 € 114 € 124 

Hospitalization € 30 € 71 € 40 € 41 € 46 

Side effects € 5 € 5 € 3 € 3 € 3 

Total costs € 1,04 € 1,58 € 2,13 € 2,15 € 1,79 

150/100,000

TST € 0 € 0 € 148 € 0 € 148 

QFT-GIT € 0 € 0 € 0 € 492 € 163 

CXR € 1 € 493 € 164 € 126 € 105 

Culture & Smear € 7 € 18 € 14 € 13 € 11 

Contact tracing € 602 € 576 € 327 € 330 € 374 

TB treatment € 366 € 372 € 207 € 215 € 234 

LTBI treatment € 0 € 0 € 1,37 € 1,09 € 857 

DOTS € 231 € 236 € 131 € 137 € 148 
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incidence of 50/100,000, 100/100,000, 150/100,000 and 350/100,000, respectively. 

The ICERs of the two-step strategy were within the WTP threshold for all cohorts after 

excluding the dominated strategies, except in the 350/100,000 incidence cohort. The 

ICERs for the two-step strategy decreased from €71,000 to €53,000 to €50,000 for the 

incidence cohorts 50/100,000, 100/100,000 and 150/100,000, respectively. For the 

350/100,000 cohort, screening with TST had an ICER of €43,000 and was therefore 

Table 3. Costs of screening strategies for four cohorts†  (cont.)

Cohorts No screening CXR TST QFT-GIT TST+QFT-GIT

Hospitalization € 89 € 85 € 48 € 49 € 55 

Side effects € 6 € 7 € 4 € 4 € 4 

Total costs € 1,30 € 1,79 € 2,41 € 2,46 € 2,10 

350/100,000

TST € 0 € 0 € 148 € 0 € 148 

QFT-GIT € 0 € 0 € 0 € 492 € 237 

CXR € 1 € 493 € 238 € 205 € 175 

Culture & Smear € 11 € 30 € 22 € 22 € 19 

Contact tracing € 1,01 € 957 € 540 € 545 € 620 

TB treatment € 611 € 622 € 344 € 358 € 389 

LTBI treatment € 0 € 0 € 1,95 € 1,78 € 1,42 

DOTS € 386 € 395 € 218 € 227 € 246 

Hospitalization € 149 € 142 € 80 € 81 € 92 

Side effects € 11 € 11 € 6 € 6 € 7 

Total costs € 2,18 € 2,65 € 3,54 € 3,71 € 3,35 

Costs * €1,000

Figure 2. Sensitivity analysis output for the two most cost-effective interventions in the basecohort. Parameter 
multiplication is noted next to the deviation bars, where the X-axis indicates the deviation from the estimated 
cost-effectiveness. Only parameters that caused a deviation of at least 10% are presented.
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Table 4. Cost-effectiveness of screening strategies for four cohorts.

Number of TB 
episodes

Total costs 
*€1,000§

QALY’s lost¥ Cost-effectiveness 
ratio vs. baseline

*€1,000

ICER 
(*€1,000 per 
QALY gained)

50/100,000

No screening 40.2 € 371 19.7 NA NA

CXR 40.2 € 844 19.1 € 760 †

TST + QFT-GIT 26.1 € 825 13.3 € 71 71

TST 10 mm 23.2 € 1,23 12.6 € 121 †

QFT-GIT 23.8 € 1,18 12.1 € 107 299

100/100,000

No screening 90.2 € 828 44.1 NA NA

CXR 90.1 € 1,30 42.6 € 288 ¶

TST + QFT-GIT 58.8 € 1,59 29.7 € 53 53

TST 52.3 € 1,93 27.2 € 64 ¶

QFT-GIT 53.5 € 1,95 26.7 € 64 119

150/100,000

No screening 108.1 € 991 53.0 NA NA

CXR 108.0 € 1,46 50,9 € 229 ¶

TST + QFT-GIT 70.6 € 1,86 35,6 € 50 50

TST 62.9 € 2,18 32,2 € 58 99

QFT-GIT 64.3 € 2,22 31,9 € 58 102

350/100,000

No screening 181.5 € 1,66 88,9 NA NA

CXR 181.3 € 2,12 85,2 € 120 ¶

TST + QFT-GIT 118.6 € 2,97 59,7 € 44 ¶

TST 105.6 € 3,19 53,4 € 43 43

QFT-GIT 107.8 € 3,34 53.0 € 47 381

QALY: Quality adjusted life year, ICER: Incremental cost-effectiveness ratio, §Discounted at 4%, ¥Discounted 
at 1.5%, ¶Extended dominance: the ICER for a particular screening strategy is higher than for the next most 
effective strategy, therefore, the higher ICER is removed from the cost-effectiveness analysis. †Strict dominance: 
a screening strategy which is less effective and more expensive than the next most effective strategy, and is 
therefore removed. 

within the WTP-threshold. In none of the cohorts the ICERs of screening by QFT-GIT only 

were within the WTP threshold. 

The results of the sensitivity analysis for the two most cost-effective strategies in 

the 100/100,000 cohort, TST + QFT-GIT and QFT-GIT, are shown in Figure 2. Early TB 

progression was the most sensitive parameter for both strategies; if active TB disease 

development would be 33% lower, leading to fewer TB cases, the cost per QALY gained 

would increase by 70%. This is for both strategies in a lesser extent true for LTBI activation 

rates, with an increase in costs per QALY by 40% if 33% less LTBI infected persons would 

ever develop early TB at one point in their lives. The other sensitive screening parameters 

were the LTBI prophylaxis costs and uptake, the delay in selfreporting, costs of the QFT-GIT, 

the amount of QALY lost due to TB, the number of secondary cases and the percentage 
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of TST readings. All other parameters did not alter the cost-effectiveness ratios of the two 

screening strategies with more than 10%.

DISCUSSION

In our cost-effectiveness study we found that, compared to the current entry screening 

strategy (screening for TB only), screening newly arriving immigrants for LTBI would 

considerably increase the cost-effectiveness of the program, irrespective whether immigrants 

originated from low- (50/100,000) intermediate- (150/100,000) or high-incidence 

(350/100,000) countries. Screening immigrants for TB only had limited effects in terms of 

QALYs gained compared to no screening, while the costs were remarkably higher. On the 

other hand, although screening for LTBI would be most cost-effective, it does require an 

increase in annual screening budget.

We found that for immigrants coming from countries with an incidence of ≥100/100,000 

all strategies including screening for LTBI would be favorable since the cost-effectiveness 

ratios over no screening were within the Dutch WTP threshold of €80,000 per QALY 

gained. For immigrants coming from 50/100,000 incidence countries only the two step 

strategy (TST followed by QFT-GIT if positive) would be favorable. None of the screening 

strategies however, reached absolute cost-effectiveness (<€40,000 per QALY gained), 

necessitating careful considerations before screening for LTBI could be implemented.

In all cohorts screening with the QFT-GIT would not be cost-effective over screening by TST 

only or in combination with the TST, because the incremental cost to gain an additional 

QALY were all over the threshold of €80,000. Among all cohorts the ICERs of the two step 

strategy were within the WTP threshold, except for the high-incidence cohort. This latter 

could be explained by the high costs due to dual testing as a result of the high prevalence 

of LTBI observed in this cohort.

We assessed the cost-effectiveness of incremental costs per QALY gained whereas 

others often have taken the costs per TB case averted as the cost-effectiveness outcome 

measure. Pareek et al. assessed whether screening 16-35 year old immigrants with the 

QFT-GIT would be cost-effective, and indicated that screening immigrants originating 

from countries with an incidence of  ≥150/100,000 would be cost effective since the 

ICER was £20,819 per TB case averted (16). These estimates are more optimistic than 

ours. Moreover, we observed that screening for QFT-GIT was more cost-effective in TST 

positives. In contrast with our findings, Oxlade et al. reported that screening immigrants 

with CXR would be the most and screening with QFT-Gold (earlier version of QFT-GIT) 
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the least cost-effective (17). However, the prevalence of LTBI among immigrants was 

underestimated in their study since they assumed a prevalence of 0.08%-2.1%, while 

previous studies assessed a prevalence of around 20% (12, 16). Linas et al. compared no 

screening, TST screening and IGRA screening in recent immigrants and concluded that 

only IGRA screening was cost-effective because this ICER was below the threshold of 

$50,000 per QALY gained (18). Unfortunately, using IGRA in combination with the TST 

was not one of the compared strategies, making it difficult to compare their findings with 

our findings. Using QALYs enabled us to compare the screening strategies with the Dutch 

cost-effectiveness threshold.

The model used in this study has been specifically tailored to answer the most important 

questions regarding screening for LTBI in migrants. The model uses a proven conceptual 

base, as previously described by Vynnycky et al. (19) and Dye et al. (20), sharing similarities 

with Linas et al. (18), Tan et al. (21) and Mancuso et al. (22), but with very specific 

modifications. Our modeling attempts aimed to reproduce Dutch screening results (12) 

so that the impact of different screening interventions could be studied realistically. We 

tried to include as many parameters as possible, but have simplified some aspects while 

doing so. Working with a cohort model had several limitations. First, secondary cases 

and the costs of contact investigations have been included in the economic evaluation, 

but these secondary cases were assumed outside of the cohort of migrants. Second, the 

evaluated interventions only functioned for this cohort of migrants, interactions with other 

migrant cohorts (of later years) or the Dutch non-migrant population has not been taken 

into account. Third, under the assumption of an effective intervention, the annual risk of 

infection for migrants in the Netherlands would likely decrease, which was not the case in 

our model. Fourth, if migrants decide to leave the Netherlands, they are no longer followed 

in the model. This means that some of the health gains of screening are not included in the 

effects of the screening. Including these QALYs on the other hand is challenging, as these 

migrants will have different risks of TB in another setting. Despite these limitations, the 

sensitivity analysis indicated that the main results are fairly stable for (realistic) alternative 

parameter assumptions.

We did not account for HIV positivity in this study, but it is clear from the sensitivity 

analysis that LTBI-screening interventions would be more cost-effective if we had done 

so, since people living with HIV/AIDS have an increased risk of early progression to TB. In 

our study, we assumed high participation rates of screening, as it would be an obligatory 

entry screening among legal immigrants. In practice, screening with the two-step strategy 

of testing with TST and QFT-GIT will be challenging. Migrants will have to return to the 

public health service (PHS) for their TST reading and subsequent QFT-GIT testing if found 

positive. Not returning to the PHS for TST reading influenced the cost-effectiveness 
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estimates, albeit not by a large margin. Moreover, it is important that there is sufficient 

uptake of LTBI prophylactic treatment in those individuals that might benefit from it.

The impact on TB incidence of screening and treating newly arriving immigrants for LTBI has 

been debated. Some authors suggested that screening for LTBI increased the efficiency of 

using TB control resources (16, 18), whereas others were skeptical about its programmatic 

impact (17, 23). Before deciding to screen immigrants for LTBI the following conditions 

of an immigrant screening program should be considered. Firstly, screening for infection 

will only be effective if preventive therapy is provided, and therefore screening programs 

must have the capacity to provide these (23). The Dutch prophylactic treatment regimen 

was recently changed from six months daily isoniazide (6H) to either 6H or three months 

daily isoniazide plus rifampicin. This shorter regimen has potential for better adherence 

(24). In our study, we took into account the refusal rate of LTBI prophylaxis, which proved 

to be an important factor in the sensitivity analysis. The possibility of side effects from 

prophylactic treatment, are a strong argument to include the highly specific QFT-GIT test 

for LTBI screening. Secondly, improving physicians’ adherence for prescribing preventive 

therapy and clients’ adherence to complete preventive therapy seem relevant factors to 

improve programmatic impact (17, 25). A recent study by Grinsdale et al. showed that 

adherence to treatment initiation and completion was greater when individuals were tested 

positive with QFT-GIT compared with TST (26). However, in another study no differences 

in programmatic impact were observed after the implementation of the QFT-GIT (27), 

suggesting that further study on this matter is needed. Thirdly, successful implementation 

of LTBI screening will require a robust immigrant screening program. Because in the 

Netherlands screening for TB is mandatory, the PHSs and their laboratories are highly 

experienced in mass screening activities. We expect the PHSs to have the capacity to test 

and treat newly arriving immigrants for LTBI as well, but critical monitoring such a program 

would be important. Furthermore, legislations changes are required before screening for 

LTBI could be implemented as a mass screening program.

Various incidence thresholds are used in low-incidence countries at which immigrants 

are eligible to be screened for LTBI (28). We showed that in the 50/100,000 cohort a 

limited number of TB patients could be prevented by LTBI screening against relatively high 

costs. Our results provide therefore evidence that the incidence threshold might be set at 

100/100,000. We assessed that increasing the cut-off of the TST from 10 to 15 mm would 

not have changed the cost-effectiveness estimates of screening for LTBI by TST (data not 

shown).

Alternatively to the current screening strategy or implementing screening for LTBI would 

be no screening at all. Although this seems to be the least costly, dismantling the health 

infrastructure will be more costly in the long term like was experienced in New York 
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(29). In order to achieve elimination screening activities should be intensified rather than 

minimized. 

In conclusion, screening newly arriving immigrants in the Netherlands will be most 

cost-effective when screening for LTBI is used prior to screening for TB. Based on our 

model estimates we propose a reconsideration of the immigrant screening program 

incorporating screening for LTBI. A pilot should be conducted in order to assess which 

strategy would be feasible in daily practice and to determine to what extent health care 

providers and immigrants will accept a revised strategy and how this could be enhanced.
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