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Summary 
Tuberculosis (TB) remains a major public health concern today, with an estimated one-
third of the world population infected and approximately 1.7 million deaths in 2006 
attributed to TB world-wide. Although The Netherlands belongs to the countries with the 

lowest rates of TB, it has not yet been eliminated in The Netherlands. Annually, 
approximately 1000 new TB patients are diagnosed in The Netherlands. In chapter 1 of 
this thesis general background information is given about TB and its transmission. 
Moreover, this chapter describes the current epidemiologic situation of TB globally as well 
as in The Netherlands.   

 
 

Part 1 
In the first part of this thesis groups were identified that may need more attention in 
order to achieve elimination of TB in The Netherlands.  
 

In Chapter 2 we studied whether outbreaks of TB patients who belong to the same cluster 
can be predicted at an early stage. In this study, national surveillance data from TB 
patients reported to The Netherlands Tuberculosis Register (NTR) during the period 1993-
2004 was used in combination with the DNA fingerprint results of their tuberculosis 
isolates. Patients whose sputum isolates have an identical DNA fingerprint pattern belong 
to the same cluster and are considered to be the result of recent transmission. We 
compared the characteristics of the first two patients of small cluster episodes (2-4 cases 
within 2 years) with those of large cluster episodes (>4 cases within 2 years). 
Characteristics of the first two occurring patients were studied as possible predictors, 
since we aimed to predict newly arising ‘outbreaks’ at an early stage. Although the 
defined ‘outbreaks’ did not occur very often (in 9% of the selected cluster episodes), 
these clusters could be fairly well predicted by four independent predictors (area under 
the receiver operating characteristic curve =0.79, 95% CI: 0.72-0.85). The most important 
predictor was a short time-span between the diagnosis of the first two patients (less than 
3 months). Furthermore, the risk of an outbreak was increased when one or both of the 
first two patients were less than 35 years, when they were both living in an urban area 
and when both of them originated from sub-Saharan Africa. Cluster episodes in The 
Netherlands should be screened for these risk factors. When the risk pattern occurs, 
targeted interventions (e.g. intensified contact investigation) should be considered to 
prevent further cluster expansion. 
 
In chapter 3 the proportion of TB transmission events caused by patients with sputum 

smear-negative pulmonary TB in The Netherlands was determined. Although M. 
tuberculosis is mainly transmitted by patients with smear-positive pulmonary TB, also 
patients with smear-negative pulmonary TB are capable of transmitting M. tuberculosis. 
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For this study DNA fingerprint clusters were selected in which the first diagnosed patient 
had pulmonary tuberculosis. Thereafter the number of transmission events to secondary 
cases was calculated for each cluster. Transmission to secondary cases which were 

preceded only by patients with smear-negative TB was attributed to smear-negative 
transmission. All secondary cases which occurred after any case with smear-positive TB 
were attributed to smear-positive transmission. It was found that 12.6% of the secondary 
cases were the consequence of a smear-negative transmission event. On average patients 
with smear-negative pulmonary TB caused about a quarter of the transmission that is 
caused by patients with smear-positive pulmonary TB (relative transmission rate=0.24). 

The findings of this study support the current practice of source and contact investigation 
in The Netherlands around all TB patients, irrespective of their sputum smear results. 
However, as yet most countries focus on the diagnosis and prevention of transmission of 
sputum smear-positive TB patients. Countries that have ample resources should consider 
expanding their TB-control efforts to culture-positive smear-negative pulmonary TB 
patients.  
 
Chapter 4 describes a case-control study among immigrants, to determine the association 
between travel and tuberculosis. The frequency and duration of travel to the country of 
origin in the preceding 12 months was compared between adult TB patients born in 
Morocco and Turkey and community controls from these two immigrant populations. 
Travel was found to be a significant risk factor for TB among Moroccans, but not among 
immigrants from Turkey. In particular, when Moroccans reported to have traveled for a 
duration of at least three months, their risk of TB was considerable. The travel-associated 
risk of TB tended to be higher for Moroccans living in an urban area (OR=4.5, 95% CI; 1.3-
15.6) compared to those living in a rural area (OR=1.7, 95% CI; 0.4-6.8) in The Netherlands, 

although this was not statistically significant. We calculated that 54% of the TB cases that 
occur among Moroccans, who have lived in The Netherlands for at least two years was 
attributable to a recent visit to the country of origin. The difference in risk between 
Moroccan and Turkish immigrants is probably the result of the large differences in the TB 
incidence in these countries. This study shows that there should be more attention to 
prevention of TB disease among immigrant travellers who travel to their country of origin.  

 
 

Part 2 
Studies in part 2 of this thesis evaluated the use of two interferon-gamma release assays 
(IGRAs) as diagnostic tests for a latent tuberculosis infection (LTBI) and predictors for TB 
disease specifically among the subgroup of immigrants from endemic countries. Moreover, 

the cost-effectiveness of different scenarios for LTBI screening among immigrant contacts 
was compared. Lastly, the costs that immigrant patients face themselves during a TB 
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episode were studied. These studies were, except for chapter 8, based on a large 
prospective cohort study, the so called PREDICT-study.  
 

In chapter 5 the baseline results of the PREDICT-study are described. Immigrants who 
were a close contact of a patient with sputum smear-positive TB, were recruited for this 
study. They were tested with the tuberculin skin test (TST), the traditional test for LTBI. 
When the TST induration was ≥5 mm, contacts were tested with two IGRAs, QuantiFERON-
TB Gold In-Tube (QFT-GIT) and T-SPOT.TB. In this chapter we assessed whether IGRA and 
TST responses were influenced by remote exposure to TB. Out of the 433 included 

contacts, 339 (78%) had a TST result ≥5 mm or were known to be TST positive in the past. 
Out of the 282 contacts of whom TST and both IGRA results were available, 85% had a TST 
results ≥10 mm. Positive QFT-GIT results were obtained for 54% and positive T-SPOT.TB 
result for 60% of the contacts. After adjustment for age, gender and recent contact, 
positive IGRA results and TST result ≥10 mm were more frequent among immigrants who 
originated from Africa, in particular sub-Saharan Africa. Out of the positive IGRA results 
69-77% was attributable to birth in a country outside Europe and North America. This may 
reflect remote exposure, i.e. infections that were acquired in the past. This important 
finding shows that positive IGRA results, when found among immigrants, may not 
indiscriminately be considered to reflect recent infection. This is relevant since it is more 
cost-effective to treat persons with recent infections than persons with remote infections. 
 
Chapter 6 describes the positive predictive value (PPV) for TB disease of the QFT-GIT and 
T-SPOT.TB, compared to the TST in immigrant contacts of the PREDICT-study. Immigrant 
contacts with a TST result ≥5 mm were screened 6-monthly during the following two years 
for signs and symptoms of active TB disease. Nine out of 339 (2.7%) contacts with TST 

result ≥5 mm developed active TB. The TST was positive (≥10 mm) in all 9 patients, while 
the T-SPOT.TB was positive in 7 out of 8 and QFT-GIT was positive in 5 out of 8 tested 
patients. The PPV for progression to TB during this period was 3.1% for TST ≥10 mm, 3.8% 
for TST ≥15 mm, 2.8% for a positive QFT-GIT and 3.3% for a positive T-SPOT.TB. 
Progression to TB disease was not predicted better by QFT-GIT or T-SPOT.TB compared to 
the traditional TST in immigrant contacts. However, since the incidence rate of TB 

progression is high, preventive measures should be considered in this population. 
 
In chapter 7 the cost-effectiveness of the use of the TST and IGRA is described, either 
alone or in combination, for detection of LTBI in immigrant contacts of sputum smear-
positive TB patients. 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. Model inputs were derived from the PREDICT-study and the literature. The 
following five strategies for LTBI screening were compared with the current practice of 
disease screening by chest-X-ray only: 1) TST, 2) QFT-GIT, 3) T-SPOT.TB, 4) QFT-GIT after 
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TST ≥5 mm, 5) T-SPOT.TB after TST ≥5 mm. We found that the TST was not only the most 
effective test to base the diagnosis and treatment of LTBI on in this population, but it was 
also the most cost-effective method. The costs for TST based LTBI screening and 

preventive treatment of a cohort of 1000 immigrant contacts were €24,109 more than the 
costs of the current practice of chest-X-ray screening for detection of TB disease. 
Nevertheless, in the TST strategy 8.82 TB patients were prevented. The corresponding 
incremental cost effectiveness ratio for TST at a cut-off of 10 mm was €2,733 per 
prevented patient. We concluded that screening for LTBI among immigrant contacts is 
worthwhile and economically most attractive when the TST is applied. 

 
Although most costs of TB will be paid by the health care sector, government or society, 
TB patients themselves also have increased expenses due to their illness. In chapter 8 we 
describe the direct and indirect costs of immigrants with TB in The Netherlands. 
Immigrant TB patients reported to spend on average €353 direct cost that were related to 
their illness. Most costs were spent when being hospitalized. Furthermore, patients 
reported to have a mean time loss of 81 days, mainly due to hospitalization (19 days) and 
additional work days lost (60 days). Time loss corresponded with a cost estimation of 
€2603. We concluded that even in a country with a good health insurance system that 
covers medication and consultation costs, TB patients do have substantial extra 
expenditures.  
 
In chapter 9 the main study findings are discussed as well as implications of the results for 
the TB control in The Netherlands. Lastly suggestions for future research are given. 




