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With the declining tuberculosis (TB) incidence in The Netherlands, TB is concentrating 
more in specific risk groups. To eliminate the disease more efforts are needed to reach 
these populations. Moreover, resources are limited and need to be efficiently used. This 

thesis focuses on TB in several risk groups, mainly immigrants. The studies in part 1 of this 
thesis identified predictors of TB outbreaks, quantified the transmission caused by smear-
negative TB patients in The Netherlands and estimated the contribution of travel to the 
country of origin to TB rates among people originating from Morocco and Turkey. Studies 
in part 2 of this thesis evaluated interferon-gamma release assays (IGRAs) as diagnostic 
tests for latent tuberculosis infection (LTBI), their predictive ability for TB disease and the 

associated costs in particular among immigrants. 
 
 

Recognition of tuberculosis outbreaks 
In chapter 2 we showed that the characteristics of the first two patients in a new DNA 
fingerprint cluster can be used to predict whether it would become a larger TB outbreak 

(>4 cases within 2 years). Predictors of an outbreak were a short time-span between the 
diagnosis of the first two patients, young age of the patients (<35 years), urban residence, 
and origin from Sub-Saharan Africa. Most predictors found in our study were not surprising. 
Previous studies already showed that young age, urban residence and certain nationalities 
are risk factors for clustering of TB patients in The Netherlands (1).  

About half of the TB patients in The Netherlands are found in clusters with an 
identical DNA fingerprint. Three quarters of the clusters in the Netherland count less than 
5 patients (1) and may be considered of less importance for public health than those 
clusters that grow fast within a short time-span. The approach used in our study to predict 
TB outbreaks was new and estimated the predicted probability that an outbreak will occur 
(2). Based on the expected risk of an outbreak, public health authorities can decide to pay 
more priority to the contact investigation of these first patients. The major determinant 
of an outbreak was a short time-span between the patients. When the second patient of a 
DNA fingerprint cluster was diagnosed within 3 months after the first patient the risk of an 
outbreak was 15-56%, an increase of 2-7 times compared to the background prevalence. 
 

Implications for TB control 
The occurrence of two or more previously unrelated patients in a new cluster episode 
within three months should raise the suspicion of a possible TB outbreak. The possible 
relation between the patients should be investigated with high priority. The necessity of a 
complete overview of contacts should be emphasized to patients and their relatives. 
Moreover, it should be closely monitored if all identified contacts are examined. In our 

experience, immigrants are less likely to volunteer names of contacts, and it takes more 
time to gain their trust to make sure that all relevant contacts are being investigated. One 
way to overcome these difficulties is when patients are approached and informed in their 
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native language as can be done by bilingual TB nurses or interpreters. On the long run it is 
expected that the extra efforts for these outbreak contact investigations will prevent 
disease.  

Since the performance of a contact investigation is a time consuming intervention 
and will concur with other priorities of TB control, several approaches have been studied  
by others to support public health authorities to set priorities. It has been suggested by 
some that contact investigations might be insufficient for identifying transmission 
pathways in multicultural urban areas and should not only be person-oriented but also 
place-oriented (3). In this respect, one of the novel approaches studied is the use of 

geographical data. When additional data on locations (visited) is collected besides the 
regular data collected during contact-tracing social network structures can be analyzed 
(4). By use of location based data, areas with a high risk of on-going TB transmission can 
be identified (5, 6). When such high-risk areas are found, location based screening could 
be considered as an alternative to the regular contact investigation. 
 
Further research 
One of the limitations of IS61110 RFLP typing, the DNA fingerprinting method that was 
used in our study, is that it is a labor intensive method and requires a cultured specimen. 
Consequently, it takes several weeks to months after the diagnosis of the patient before 
the cluster results are known to the practitioner. This limits the early recognition of a 
potential outbreak. Since 2009, the mycobacterial interspersed repetitive-unit-variable-
number tandem-repeat (MIRU-VNTR) typing method has been introduced in The 
Netherlands as the standard typing method instead of the IS61110 RFLP typing. MIRU-VNTR 
is a much quicker typing method, the determination is less labor intensive and the results 
are unambiguous (7). Although clusters based on IS6110 RFLP typing are not completely 

identical to the clusters that are determined by MIRU-VNTR, preliminary results suggest 
that these two methods have similar discriminative ability (8). The discriminative ability 
of the IS6110 RFLP and MIRU-VNTR methods should be assessed in more extent by 
comparison of epidemiologic links between clustered patients. Furthermore, the 
predictive ability of the predictors identified for clusters based on IS6110 RFLP should be 
validated for the use of MIRU-VNTR.  

In chapter 2 we studied new arising cluster episodes that started after a period of at 
least two years in which no TB cases were observed with the particular DNA fingerprint. In 
addition, DNA fingerprint clusters in which regularly new TB patients are diagnosed 
(without any 2 year case-free period) can also become very large and be an important 
contributor to the ongoing transmission. Determinants of these ‘ongoing’ large clusters 

may also be worthwhile studying, which can provide an additional focus for TB control.  
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Transmission by smear-negative tuberculosis patients 
Chapter 3 showed that 13% of the transmission of TB in The Netherlands is attributable to 
a source patient with pulmonary smear-negative tuberculosis. This was in line with 
previous, but smaller, studies that found a proportion of 17-22%. Moreover, the relative 

transmissibility of M. tuberculosis from patients with smear-negative TB compared to 
patients with smear-positive TB we found was 0.24 (95% CI, 0.20-0.30), similar to the 
relative transmission rate of 0.22 (95% CI, 0.16-0.32) that was found by Behr et al. There 
are several explanations for transmission by patients with smear-negative TB. First of all, 
smear results can be false negative. The sensitivity of the determination of smear results 

depends on the method used. For example the sensitivity of the fluorescence microscopy 
is higher and reveals more smear-positive results than conventional microscopy (9). Light 
microscopy can detect mycobacteria at a minimum density of 5000-10,000 bacilli per ml 
of sputum, but the infectious dose is only a few bacilli (10, 11). Another reason can be 
that bacilli are not equally distributed over the lungs and the number of bacilli caught in a 
sputum sample can be limited. Furthermore, smear results can be influenced by the 

functioning of the immune system or have been positive at an earlier stage. HIV-infected 
individuals with pulmonary TB are more often smear-negative. In HIV-endemic countries 
the diagnosis of TB is often only based on smear examination due to the limited resources 
available. There is a great need for additional diagnostics in these settings. Ideal would be 
a simple point-of-care test that yields a confirmative diagnosis at the first clinic visit (12) 
in order to increase the detection of TB patients irrespective of their smear status.  
 
Implications for TB control 
The findings of our study support the current practice of source and contact investigation 
around all TB patients in The Netherlands. According to this policy, the contact 
investigation around TB patients who are not considered to be infectious (patients with 
smear-negative pulmonary TB or patients with extrapulmonary TB with no known or likely 
source of infection) is initially limited to so called ‘first ring’ or close contacts. These are 
contacts with frequent and intensive contact with the patients, i.e. household contacts. In 
these cases the aim of the contact-tracing is to find the possible source patient of the 
index patient. The investigation is then referred to as a source investigation. Around TB 

patients who are considered to be infectious (smear-positive) usually both first and second 
ring contacts are initially screened, in order to determine whether transmission has 
occurred. When the infection rate in first ring contacts is higher than expected, based on 
the background infection risk, the contact investigation may be extended to second ring 
contacts.  
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Travel-related tuberculosis transmission  
Chapter 4 suggests that recent travel to Morocco contributes substantially to TB in The 
Netherlands among immigrants born in Morocco, but that travel to Turkey is not an 
important contributor to TB rates in The Netherlands among immigrants born in Turkey. 

We ascribed these differences to the large differences in the TB incidence in these 
countries. Especially when Moroccans plan to travel for more than three months, the risk 
of TB was found to be very high. Since the TB incidence in Morocco is not even among the 
highest in the world (13), immigrants from countries with higher TB rates who travel to 
their home country can be expected to have an even higher risk of TB.  

 
Implications for TB control  
Currently, non-BCG vaccinated travellers, who travel to a high TB incidence country, are 
advised to be tested for LTBI pre- and post- travel with the tuberculin skin test (TST). 
When non-BCG vaccinated travellers intend to stay for more than three months and have 
close contact with the local population a BCG vaccination is recommended. BCG-

vaccinated travellers to TB endemic countries, including most immigrants, are advised to 
be alert for symptoms and signs suggestive for TB during the first two years after travel. 
The current policy describes that a CXR three months after return can be considered. 
Compliance to the screening policy amongst Dutch travellers is limited to 61% (14). 
Immigrants obtain even less often travel advice or travel-related medical care than other 
travellers (15, 16). One of the reasons for this disparity is that immigrants perceive 
themselves at low risk, since they are familiar with the country they are visiting and the 
endemic diseases (15). Based on the results of chapter 4, we recommend to adjust the 
current policy and to advice immigrants to be screened for the presence of LTBI or TB 
disease after their travel. Travel advice is often given by special travel clinics or 
specialized travel departments other than those who are responsible for TB control. 
Therefore it is required that different stakeholders agree upon the travel advice that suits 
immigrants traveling to high TB incidence countries best. A recent cost-effectiveness 
study in Canada determined that for all travellers to high endemic countries, irrespective 
of their origin and BCG-vaccination status, a single post-trip TST, followed by preventive 
therapy if positive, was most cost-effective (17). Screening of travellers became more 

cost-effective with increasing trip duration and infection risk, and less so with poorer 
treatment adherence. This study did not evaluate the use of the interferon-gamma 
release assays (IGRA) instead of the TST, which might be a relevant alternative for 
travellers who are BCG-vaccinated and who travel frequently to their country of origin.  
 
Further research 

Further research should focus on the following three issues. First of all, it is unknown how 
immigrants can best be reached in order to inform them about the risk of TB associated 
with travel to their home country. It is suggested that the primary care provider is often 



 
Chapter 9 

 136 

the only source of travel-related care that resource-limited immigrants will visit (15). 
Secondly, it is unclear which intervention is most (cost)effective for screening of 
immigrant travellers. This should be studied for the situation in The Netherlands and 

include screening for active TB (by CXR) as well as LTBI screening by use of TST (several 
cut-off values could be studied) or one of the IGRAs. Moreover, it should be considered to 
distinguish in the advice between immigrants who travel to high TB incidence countries 
and those who visit countries with a lower risk of infection. Finally, compliance of 
immigrants to the screening policy should be evaluated, since this is unknown for 
immigrant travellers and will have impact on the decision on which intervention can best 

be used for immigrant travellers. 
 
 

Latent tuberculosis infection among immigrants 
In chapter 5 we demonstrated that 54-60% of foreign-born contacts with a TST result ≥5 
mm were positive in one of the IGRAs which corresponds with 40-45% of all close contacts. 

One of the risk factors for a positive IGRA result was the region of origin of the individual. 
Out of the positive IGRA results 69-77% was attributable to birth in a country outside 
Europe and North America and may reflect 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. Other researchers also 
found high rates of positive IGRA results among foreign-born contacts (18-20), which were 
significantly higher than those found among autochthonous contacts (19, 20). Upon entry 
screening, 29% of the asylum seekers tested in Norway had a positive IGRA result, 
indicating a high proportion of latent infection before arrival (21).  

An ideal test for LTBI adequately predicts the likelihood the infected individual will 
progress to active TB disease. In chapter 6 we showed that the positive predictive values 
(PPV) for disease progression when QFT-GIT or T-SPOT.TB was used did not differ 
significantly from the PPV of the TST among immigrant contacts. Overall all PPVs were 
quite low in the order of 3%. Although a few recent prospective studies assessed the 
predictive value of the IGRA (22-26), the PREDICT-study was the first one that exclusively 
studied immigrants from high TB endemic areas. The findings in the PREDICT-study 

differed from those found in other populations. The only other prospective cohort study of 
contacts performed in a low TB incidence country was done in Germany. This study found 
that the PPV of the QFT-GIT (14.6%) was significantly higher than when the TST was used 
(cut-off value of 5 mm, PPV=2.3%) within close contacts, of whom most were German born 
(24). More recently, it was shown that the QFT-GIT predicted the development of active 
TB well in HIV-infected individuals (22). The three patients who developed TB during the 

follow-up period in this study had all a positive QFT-GIT results. The different findings 
between the two latter and our study suggest that the added value of the IGRA may be 
limited to populations that have a high pretest probability of active TB or a recent 
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infection and a low pretest probability of remote infection (27). The incidence of TB in 
our study population was considerable (when TST ≥5 mm incidence=16/1000 person-years; 
95% CI; 7.3-30.5). To intervene in the ongoing transmission between immigrants in The 

Netherlands, it is highly recommended that immigrants in a contact investigation are 
screened not only for active TB but also for the presence of a (recent) LTBI. In chapter 7, 
we showed that the TST was not only the most effective test to base the diagnosis and 
treatment of LTBI on, 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 CXR screening for detection 

of TB disease. Since in the LTBI screening strategy with TST, 8.82 TB patients were 
prevented, corresponding with €2,733 per prevented patient, LTBI screening among 
immigrant contacts is considered to be worthwhile.   
 
Economic evaluations, such as the cost-effectiveness study added to the PREDICT study, 
are increasingly applied, especially in industrialized countries. They inform policy makers 
about the costs and consequences of different alternatives and guide decision making. 
Based on cost-effectiveness studies, the 6-month LTBI treatment with isoniazid has been 
recommended (28) and TB contact investigation among close contacts in an immigrant 
population has been shown to result in net savings (29). The cost-effectiveness of the IGRA 
in contrast to the TST has been assessed in several studies. When used in close contacts 
from low-incidence countries, these studies showed that it was most cost-effective to use 
the IGRA as a confirmative test after a positive TST (30-32). Based on these results the 
national guidelines in several countries now recommend this two-step strategy for LTBI 
detection (33, 34). In the PREDICT-study we found that the application of the TST was the 
most cost-effective strategy among immigrants. The IGRAs, when applied as a single or 

confirmative test, were both more costly and less effective to perform in this group. To 
become cost-effective the sensitivity and specificity for development of TB should be 
higher than currently found in the PREDICT-study.  

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. These 
costs are not always taken into account in cost analysis. Nevertheless, studying the direct 

and indirect cost of immigrants with TB, as we did in chapter 8, we found that the 
average direct costs amounted €353 and that patients lost on average 2.7 months of 
productive days during their disease.  
 
Implications for TB control 

Based on the high risk of breakdown to active TB among contacts of infectious TB patients 
that was confirmed among immigrant contacts, it is advisable to screen these contacts not 
only for active disease but also for the presence of LTBI. The TST seems to be the most 
cost-effective test for LTBI screening in immigrant contacts. When IGRAs are applied to 
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immigrants from high TB incidence countries, outside the setting of a close contact of an 
infectious patient in a contact investigation, positive results should be interpreted with 
caution. Positive IGRA results may be influenced by previous (old) infections and do not 

necessarily reflect a recent infection. In that case, a proper assessment of the risk of a 
previous infection and that of a recent infection should guide the interpretation of the 
IGRA result. It is recommended to use the IGRA in this subgroup only when the a priori risk 
of a recent infection is high.  
 
Further research 

At this time two different IGRAs are in use; the QFT-GIT and T-SPOT.TB. These IGRAs, 
when tested in the same individuals, do not always give similar results. A recent meta-
analysis concluded that the T-SPOT.TB is slightly more sensitive than the QFT-GIT. Since 
the T-SPOT.TB is a more labor intensive and costly assay to perform, it should be studied 
in which specific populations (i.e. children, HIV-positive individuals) this assay may be 
more (cost)effective to apply.   

Although based on our results IGRAs do not better predict TB disease in contact 
investigations than TST, we do not recommend to stop using IGRA in such a setting, since 
more research is needed. Up to now, there is little understanding about the best timing of 
the IGRAs. For TST it is known that it can take 8-12 weeks after infection to convert (35), 
but for the IGRAs this window-period has not been determined. Further studies are 
therefore needed to determine the time needed for conversion of the IGRA, by doing 
weekly or monthly IGRAs after the date of diagnosis of index case. 

The absolute number of contacts who progressed to disease in the PREDICT study was 
small. Consequently, this resulted in wide confidence intervals around the estimated test 
performance of the IGRAs and TST. A different result in only one case therefore had a 

considerable effect on the point estimate. For example, the QFT-GIT was negative in one 
additional TB case than the T-SPOT.TB, but this resulted in a 12% lower estimation of its 
sensitivity. This may also explain partly the large difference in cost-effectiveness between 
TST and IGRAs. More studies are needed in order to obtain a more precise estimate of the 
PPVs of the IGRAs and to confirm our findings. It is expected that new guidelines for 
contact investigation in The Netherlands will recommend that foreign-born close contacts 

should also be screened for LTBI. In further studies in The Netherlands, the issue of LTBI 
among new immigrants who enter The Netherlands will be addressed. These studies will 
focus on the PPV of IGRAs among new immigrants and feasibility and cost-effectiveness of 
offering preventive treatment to those infected.  
 

 

Global tuberculosis elimination 
In order to meet the targets of the millennium development goals and the possibility of 
elimination of TB by 2050, there is an urgent need for new diagnostic tools, new drugs, a 
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more effective vaccine, and better prognostic markers that predict TB disease (36-38). 
There is much research going on to address these needs. Such new tools need to be 
applicable in countries with the highest burden of TB. Nevertheless, also low TB incidence 

countries will benefit from such new developments. A recent model study predicted that 
TB will not be eliminated in The Netherlands up to 2030 when the current TB control 
strategy is being applied (39). Therefore, developments in the above mentioned areas and 
creative interventions will also be needed within The Netherlands in order to reach the 
elimination target by 2050.  

Development of a reliable prognostic marker for TB would allow treatment of the 

small fraction of latently infected individuals in high endemic regions at risk of developing 
contagious TB. Initiating preventive treatment for those with a high risk of subclinical 
disease, therefore breaking the chain of TB transmission, would contribute greatly to 
global TB control efforts. A new type of skin test based on ESAT-6 and CFP-10 showed a 
good correlation between the skin test induration and the time to onset of clinical disease 
in an animal model (40). Furthermore this type of skin test has been shown safe in humans 
(41), thus shows potential to be a reliable predictor test.  

Another improvement can be made when shorter preventive treatment regimens are 
developed. The current recommended standard treatment for LTBI in most countries is 9 
months of isoniazid therapy. In The Netherlands a 6-month treatment with isoniazid is the 
current practice. This reduces the risk of TB disease with 69% and has been shown to be a 
cost-effective intervention (28, 42). One of the major disadvantages of the preventive 
treatment is the occurrence of serious adverse events, particular drug-induced hepatitis. 
The incidence is low when liver enzymes are regularly tested and treatment is stopped 
when levels are found to be increased. In this way severe hepatotoxicity is usually 
prevented. Furthermore, adherence to the therapy is difficult because of the long 

duration of the treatment, because individuals have no clinical signs of the disease, and 
because no alcohol can be taken during treatment. Other contributing factors to non-
adherence are a low risk perception of progressing to active TB without LTBI treatment 
and not wanting venapuncture for transaminases determination (43). Therefore infected 
persons in The Netherlands sometimes prefer biannual CXR screening during two years 
rather than preventive therapy. The national figures of The Netherlands show that 78% of 

the patients complete their LTBI treatment and that this percentage does not differ 
between Dutch and non-Dutch patients (44). New approaches for LTBI treatment should be 
evaluated, that are shorter and safer (45). One of the options that has been proposed is 4 
months rifampin treatment, which has less frequent side effects and higher completion 
rates than 9 months isoniazid treatment (46). Another options is a 3 months therapy with 

rifampin plus isoniazid. This regimen has shown equivalent outcomes as the standard 
therapy with isoniazid in terms of efficacy, the proportion of severe side-effects that 
occurred, and mortality (47).  
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In the long run, prevention of TB will be the most effective way to eliminate TB globally. 
The current TB vaccine, BCG, provides insufficient protection against TB, especially 
among adults. New alternative vaccines which are more effective are searched for. 

Different vaccine strategies are considered that target different populations like pre-
exposure vaccines and post-exposure vaccines. In the last 15 years, new strategies to 
improve or replace BCG in the laboratory have led to several promising vaccine candidates 
that are actively being evaluated in human clinical trials. TB experts hope that at least 
one of the new vaccine candidates will be ready for global distribution by 2015.  
 

TB elimination, in The Netherlands, as well as globally, is only possible when new 
interventions will be applied at a global scale and countries all over the world will help 
each other to try to achieve this goal.  
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