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General introduction 
Tuberculosis (TB), does it still occur? When I told people that I was studying TB in The 
Netherlands, many were amazed to hear that this disease is still present in a country like 
The Netherlands. They relate the disease with poor African countries with weak health 

systems.  
With an estimated one-third of the world population infected and approximately 1.7 

million deaths in 2006 attributed to TB world-wide, TB remains a major public health 
concern today (1). Although The Netherlands belongs to the countries with the lowest 
rates of TB, it has not yet been eliminated in The Netherlands, with approximately 1000 

new patients occurring every year. In this introduction I provide some background on TB 
and its transmission, the disease and infection. This is followed by an overview of the 
global epidemiological situation and the epidemiology and control of TB in The 
Netherlands. Lastly, I will discuss the aims of this thesis. 
 
 

Tuberculosis transmission 
TB is caused by an infection with Mycobacterium tuberculosis (2). M. tuberculosis is 
transmitted by patients with infectious pulmonary TB who spread the disease to others by 
coughing or sneezing droplets containing M. tuberculosis (2, 3). Individuals who inhale 
these airborne droplet nuclei can become infected. A susceptible person needs to be 
exposed to an infectious TB patient to become infected and may later develop the disease. 
The majority of individuals (90%) infected with M. tuberculosis will remain asymptomatic, 
and will never develop clinical disease. These individuals have a latent TB infection (LTBI). 
Approximately 10% of infected individuals develop TB during their life. The risk of 
progression to active disease declines steeply with time since infection. About 50-80% of 
the individuals who develop TB disease will do so within the first 2-5 years after infection 
(4-6). When individuals develop active TB more than 2-5 years after infection this is called 
reactivation. The risk of development of TB given infection depends on factors related to 
the host (such as the immunologic and medical condition, genetics, behavior, including 
smoking), and factors associated with the mycobacteria, such as virulence of the strain (7-
11). The most important risk factor for disease progression is co-infection with the human 
immunodeficiency virus (HIV). The risk of progression to active TB after infection among 
individuals who are co-infected with HIV is estimated to be 10% per year (12, 13).  

To distinguish between different TB strains, the sputum isolates of TB patients may 
be subjected to DNA fingerprinting (14). If a patient with infectious pulmonary TB has 
transmitted the disease to another patient, the mycobacteria in their isolates will 
generally have an identical DNA fingerprint pattern. Patients who have an identical 

fingerprint pattern of their isolates form a cluster. Clusters represent recent or ongoing 
transmission whereas unique DNA fingerprint patterns are attributed to reactivation of old 
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infections or recent transmission from patients outside the observed period or area (15, 
16).  
 

 

Tuberculosis disease  
The symptoms of active TB are not very specific and depend on the localization of the 
disease. TB most commonly manifest in the lungs (pulmonary TB), but can affect other 
organs such as the lymph nodes, the spine, the pleura, bones, abdomen or meninges 
(extrapulmonary TB). The most common symptoms for pulmonary TB include productive 

cough, weight loss, fever (night sweats), heamoptysis and breathlessness (17). A chest-X-
ray (CXR) is usually performed when individuals are suspected to have pulmonary TB. The 
gold standard for the diagnosis of TB is growth of M. tuberculosis on a culture plate. In 37-
75% of the culture-confirmed pulmonary TB patients mycobacteria are detected in their 
sputum smear by Ziehl-Neelsen staining (18, 19). These patients are considered to be the 
most infectious.  

 
 

Latent tuberculosis infection 
Detection and treatment of individuals with LTBI is a key component for achieving TB 
elimination (20). Among individuals with LTBI, development of the disease can effectively 
be prevented by the intake of a preventive treatment course (21). Nevertheless, 
preventive treatment can have side effects (22). It is therefore usually only offered to 
individuals who benefit most from this treatment, such as individuals with an impaired 
immunity and those who are thought to be recently infected. The diagnosis of LTBI relied 
until some years ago on the tuberculin skin test (TST). Early studies had shown that 
individuals, who were known to be exposed to M. tuberculosis, reacted when tested with 
tuberculin. Furthermore, it was found that individuals with an induration on the TST 
subsequently had a higher risk of developing active TB compared to those without an 
induration (5, 21, 23). Consequently, the TST was adopted as a diagnostic test for the 
detection of a TB infection. However, the TST is not a perfect test. Among individuals who 
have been vaccinated with the bacille Calmette-Guérin (BCG) the TST may give false 
positive reactions. This is especially the case during the first 10 years after vaccination 
(24). Moreover, infections with mycobacteria other than TB can also give rise to a (false) 
positive TST. This is due to the crude mixture of antigens from M. tuberculosis present in 
the tuberculin fluid used for TST. Many of these antigens are shared among M. 
tuberculosis, M. bovis BCG and several non-tuberculous mycobacteria (NTM).  

In the last decade, new blood tests have been developed that offer an alternative for 

the TST for the diagnosis of a LTBI. These T-cell based assays measure the production of 
interferon-gamma (IFN-) upon stimulation of antigens specific to M. tuberculosis, such as 
the early secretory antigenic target 6 (ESAT-6) and culture filtrate protein 10 (CFP-10). 
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These proteins, encoded by genes located in the region of difference 1 (RD1) of the M. 
tuberculosis genome, are not shared with any BCG strain and most NTM (25, 26). Two 
commercial interferon-gamma release assays (IGRA) are currently available on the market: 

T-SPOT.TB® (Oxford Immunotec, Abingdon, UK) and QuantiFERON-TB® Gold In-Tube 
(Cellestis, Carnegie, Australia) (QFT-GIT). Both assays measure IFN- production. The T-
SPOT.TB is based on an enzyme-linked immunospot (ELISPOT) method enumerating IFN- 
producing lymphocytes. The QFT-GIT uses an Enzyme-Linked Immuno Sorbent Assay (ELISA) 
format, measuring IFN- production in whole blood. Nowadays, the IGRA are used in 
several countries in addition to or as an alternative for the traditional TST (27-30). 

 
 

Global epidemiology of tuberculosis  
Worldwide, TB is after HIV/AIDS the second leading cause of death due to an infectious 
agent. The World Health Organization (WHO) estimated that there were 9.2 million new 
TB patients in 2006 (1). Although the majority of the patients occur in the most populous 

countries of Asia, the incidence rates are highest in the African continent (31). Due to the 
HIV-epidemic in Africa and the high susceptibility of HIV-positive individuals to TB, the 
incidence of TB in African countries has more than doubled between 1990 and 2006 (1, 32). 
Out of the 1.7 million estimated deaths due to TB in 2006, 0.2 million were among HIV-
positive people (1).  

In 2000, world leaders adopted the United Nations Millennium development Goals. 
These goals form a plan to reduce extreme poverty and setting out time-bound targets 
with a deadline of 2015. One of these goals is to combat HIV/AIDS, malaria and other 
diseases including TB (33). The global target for TB control is to halt and reverse the 
incidence of TB by 2015. The Stop TB partnership, an international network of 500 
organizations working together to realize the common vision of a world free of TB, has 
translated this into the following two targets: 1) to halve the prevalence and death rates 
by 2015 compared to their level in 1990 and 2) to detect at least 70% of new smear-
positive cases and to successfully treat at least 85% of detected cases. Moreover the Stop 
TB partnership aims to reach a global incidence of <1 case of active TB per million 
population per year by the year 2050 (1, 34). In order to reach these targets, the WHO 

advocates its Stop TB strategy that consists of the following 6 main components: 1) pursue 
high-quality DOTS expansion and enhancement, 2) address TB/HIV, multidrug resistant TB, 
and other challenges, 3) contribute to health system strengthening, 4) engage all care 
providers, 5) empower people with TB and communities and 6) enable and promote 
research (35).  

While the most important aspects of TB control in high-burden countries focus on the 

detection and treatment of all TB patients, a broader spectrum of interventions is 
available and feasible for TB control in low-incidence counties that are approaching the 
elimination phase of TB. In many European countries the number of TB cases decreased 
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among the autochthonous population. However, TB re-emerged and became a more 
prominent problem among the foreign-born populations entering these countries (36). 
Interventions in these countries include 1) ensuring early detection of TB patients and 

their treatment until cure and preventing avoidable deaths from TB; 2) reducing the 
incidence of infection by risk group management and prevention of transmission of 
infection in institutional settings and 3) reducing the incidence of TB through outbreak 
management and provision of preventive therapy for specified groups and individuals (37).  
 

Definition of 1st generation immigrant=individuals born in a country outside The Netherlands. Definition of 2nd 
generation immigrant=individuals born in The Netherlands, but at least one of the parents is born in a country 
outside The Netherlands  

Figure 1a. Number of tuberculosis patients among native Dutch, 1st generation immigrants and 2nd 

generation immigrant. 

 

 

Tuberculosis epidemiology and control in The Netherlands  
Since the national recording of the annual TB cases in The Netherlands, the incidence of 
TB per 100,000 inhabitants decreased every year from 184.7 in 1948 to 8.2 in 1987. This 
decline may be the result of improved socio-economic conditions during these years and 
the introduction of anti-TB therapy. Thereafter, the number of new TB cases increased 

slowly up to 11.8/100,000 in 1994. This increase was mainly the result of the increasing 
migration from Morocco and Turkey and increasing numbers of asylum seekers which 

581 367

263

1025892

592

6839 68

0

200

400

600

800

1000

1200

1993 1995 1997 1999 2001 2003 2005 2007

nu
m

be
r 

of
 T

B 
pa

ti
en

ts

native Dutch 1st generation immigrant 2nd generation immigrant Unknown



 
Chapter 1 

 12 

reached a maximum of 52,600 in 1994 (38). Since 1994 TB incidence in The Netherlands 
declined again. Nowadays, TB is concentrated in specific risk groups. In 2007, 960 TB 
patients were diagnosed in The Netherlands. Almost two thirds of them were among 

foreign-born persons (Figure 1a) (39). Since cities contain a large proportion of the risk 
groups for TB, TB is more common in the four largest cities (>250.000 inhabitants) in The 
Netherlands than elsewhere. In 2007, 36% of TB incidence occurred in the cities 
Amsterdam, Rotterdam, The Hague and Utrecht. In these urban areas the TB incidence is 
on average four times higher (15.8/100,000) than in rural areas (4.3/100,000) (Figure 1b) 
(39). Table 1 provides indicators for the TB situation in The Netherlands.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

Figure 1b. Tuberculosis incidence per 100,000 inhabitants in 2007 by regions and urban areas in The 

Netherlands  

 
While the TB incidence in The Netherlands is among the lowest worldwide (1, 40, 41), it 
has not yet reached the elimination target of less than 1 sputum smear-positive patient 
per 1,000,000 inhabitants. Under the current circumstances it is expected that elimination 
in The Netherlands will not be reached. It is estimated that the TB incidence rate will 
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decline to an estimated number of 832 patients yearly in 2030 in The Netherlands (42, 43). 
By that time first generation immigrants will probably account for 85% of the TB cases 
nationally (43).  

 

Table 1. Indicators for tuberculosis in The Netherlands, 2007  

Incidence rate all forms of tuberculosis (per 100,000 population) 5.9 
 Incidence rate among Dutch-born individuals 2.0 
 Incidence rate among foreign-born individuals 36.7 
 Incidence rate all forms of TB in urban areas 15.8 
 Incidence rate all forms of TB in rural areas 4.3 
 Incidence rate all forms of TB among Moroccans 48 
 Incidence rate all forms of TB among Turkish individuals 21 
 Incidence rate all forms of TB among Surinam individuals 18 
 Incidence rate all forms of TB among Somalian individuals 627 
Proportion of tuberculosis patients found through active case finding  18% 
 Proportion active case finding among Dutch-born TB patients 17% 
 Proportion active case finding among foreign-born TB patients 18% 
Proportion of tuberculosis patients who were clustered  
(according to the DNA fingerprint pattern of their sputum isolate) 

35% 

Proportion of tuberculosis patients who are HIV positive  3.5% 
Proportion of patients with multidrug resistant tuberculosis 
(among new patients) 

0.5% 

 
In The Netherlands, TB control is carried out by Municipal Health Services (MHSs). One of 
the key components of TB control in The Netherlands includes the performance of source 
and contact investigation. Shortly after the diagnosis of a new TB patient, individuals who 

have been in close contact with the patients are screened. When the index patient is 
considered to be infectious, contacts are screened to find cases who may have been 
infected by the index patient. If the index patient is not considered to be infectious, 
contacts are screened to find the source patient who may have infected the index patient. 
Contact investigation is executed according to the stone in the pond principle; first only 
contact who had frequent and intensive contact with the patient are assessed (44). 
Depending on the proportion of infections found in these close contacts, it is decided 
whether contacts who had less frequent and less intensive contact with the patient need 
to be assessed. Dutch-born individuals, when screened in a contact investigation, are in 
principle screened both for the presence of active TB disease by use of chest-X-ray and for 
the presence of an infection by use of TST. Screening among immigrants who participate 
in a contact investigation is limited to the screening for active TB. The main reason for 
this is related to the diagnostic test used for detection of LTBI, the TST. The TST has a 
limited positive predictive value (PPV) among immigrants due to the high frequency of 
cross-reactions to BCG vaccination (which many immigrants received in the past) and to 
infections with atypical mycobacteria (45, 46). It also does not distinguish between recent 
and remote (i.e. acquired in the past) infection. A high proportion of immigrants has a 
remote infection and offering preventive therapy to all TST-positive migrants may not be 
cost-effective because of the possible side effects and the high number needed to treat to 
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prevent one case. Consequently, immigrants are not routinely screened for LTBI and are 
not offered preventive treatment in The Netherlands. Due to the growing evidence that 
the new interferon-gamma release assays may offer a more specific alternative to the TST, 

these assays are also increasingly used for the detection of LTBI in The Netherlands. 
Several low-incidence countries nowadays have incorporated the use of the IGRAs in their 
guidelines and either advise them to be used as an equal alternative to the TST or as a 
confirmative test after a positive TST is found (27-30). In The Netherlands the evidence on 
the usefulness of IGRA in populations with a high prevalence of remote infection was 
considered too limited to change the current guidelines and it was decided to await study 

results on the predictive value of these tests in this specific group.  
Another pillar of TB control is the screening of risk groups (47). Immigrants, who plan 

to stay in The Netherlands for at least 3 months, undergo entry screening. Up to 2006, the 
first entry screening was obligatory while the following 4 screening rounds during the next 
2 years were voluntary. Recently, this policy has changed because the yield of the follow-
up screening among persons from countries with a TB incidence of <200/100,000 was 
limited. Today, all immigrants still undergo entry screening but only immigrants who 
originate from countries where the TB incidence is estimated to be ≥200/100.000 are 
eligible for follow-up screening after entry (48). Based on the local epidemiological 
situation, other risk groups that are targeted for periodical screening include homeless 
people, drug addicts and professional contacts of TB risk groups (49).  
 
 

Outline of this thesis 
The first part of this thesis deals with the identification of groups that may need more 
attention in order to reach elimination of TB in The Netherlands. Chapter 2 describes the 
prediction of potential outbreaks of TB, based on the characteristics of the first two 
patients observed in the same DNA fingerprint cluster. In chapter 3 the transmission 
caused by sputum smear-negative pulmonary TB patients in The Netherlands is quantified. 
Chapter 4 describes the results the risk of TB among immigrants that is associated with 
travel to their country of origin, for immigrants from Morocco and Turkey.  

The second part of this thesis was, except for chapter 8, based on a large prospective 

cohort study, the so called PREDICT-study. In this part the use of the IGRAs is assessed as 
diagnostic and prognostic tests for LTBI and TB disease among immigrants and the 
associated costs. The PREDICT-study started in 2005 and aimed to determine which 
diagnostic strategy can best predict TB disease among immigrant contacts. The use of the 
two IGRA was compared with the TST for detection of a latent tuberculosis infection and 
prediction of disease. Chapter 5 describes the results of the three diagnostic tests among 

the contacts included in the PREDICT-study and identifies risk factors associated with a 
positive test. Chapter 6 presents the ability of the IGRA to predict TB in contrast to the 
TST. In chapter 7 a cost-effectiveness analysis is presented that compares costs and cost-
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effectiveness of different strategies for the detection and treatment of LTBI amongst 
immigrants. In chapter 8 we describe the costs that immigrant TB patients face and which 
are the result of their disease.  
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Summary  
Rationale 
Some clusters of patients who have Mycobacterium tuberculosis isolates with identical 
DNA fingerprint patterns grow faster than others. It is unclear what predictors determine 

cluster growth. 
Objective  
To assess whether the development of a tuberculosis (TB) outbreak can be predicted by 
the characteristics of its first two patients.  
Methods  

Demographic and clinical data of all culture-confirmed patients with TB in The 
Netherlands from 1993 through 2004 were combined with DNA fingerprint data. Clusters 
were restricted to cluster episodes of 2 years to only detect newly arising clusters. 
Characteristics of the first two patients were compared between small (2-4 cases) and 
large (5 or more cases) cluster episodes. 
Measurements and Main Results  

Of 5,454 clustered cases, 1,756 (32%) were part of a cluster episode of 2 years. Of 622 
cluster episodes, 54 (9%) were large and 568 (91%) were small episodes. Independent 
predictors for large cluster episodes were as follows: less than 3 months’ time between 
the diagnosis of the first two patients; one or both patients were young (<35 years); both 
patients lived in an urban area; and both patients came from sub-Saharan Africa.  
Conclusions  
In The Netherlands, patients in new cluster episodes should be screened for these risk 
factors. When the risk pattern applies, targeted interventions (e.g. intensified contact 
investigation) should be considered to prevent further cluster expansion. 
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Introduction 
Tuberculosis (TB) mainly results from Mycobacterium tuberculosis transmitted through 
coughing of patients. By DNA typing, one can distinguish different strains of M. 
tuberculosis (1). Patients sharing an identical M. tuberculosis strain are considered to be 

part of a ‘cluster’, reflecting recent transmission of M. tuberculosis and rapid progression 
to disease from recent exogenous infection. Unique DNA fingerprint patterns are assumed 
to be due to reactivation of remote infections or recent transmission from patients 
outside the study period or study area (2, 3). Outbreaks of TB occur regularly (4), as 
evidenced by clustering. Outbreaks could result from failure of contact investigations to 

detect all contacts and treat those with a recent infection.  
Population-based studies in low-incidence countries have identified individual risk 

factors for involvement in a cluster (2, 5-8). Patients in clusters are more often male, 
young, of certain nationalities, long-term residents in low-endemic countries, urban 
residents, sputum smear-positive, HIV infected, drug or alcohol abusers or homeless.  

Other studies have tried to identify risk factors for being the first patient in a cluster 

and the generation of secondary cases (9, 10). However, these studies assumed that the 
first patient diagnosed was the source case, which is not necessarily true when patient 
presentation delay is long. More probable is that the source case will be among the first 
two patients in a cluster.  

Although risk factors for an individual to be part of or give rise to a cluster have been 
assessed (2, 5-10), predictors of further cluster growth have not. Risk factors that predict 
further cluster growth are relevant for TB control as they may predict outbreaks. Early 
identification of clusters that potentially become large could help focus TB control efforts, 
especially in low-incidence countries that approach the elimination phase of TB. The aim 
of our study was therefore to determine which characteristics of the first two cases in a 
cluster can predict the development of large clusters (of 5 or more cases). Some of the 
results of this study have been reported previously in the form of an abstract (11, 12). 
 
 

Methods 
Data collection 
We combined data from the Netherlands Tuberculosis Register (NTR), which includes 
demographic and clinical information of patients with diagnosed TB, with data from the 
National Institute of Public Health and the Environment (RIVM) that include information on 
species identification, molecular typing and drug susceptibility from all M. tuberculosis 
isolates in The Netherlands. Because the NTR is an anonymous register that includes 
routinely gathered surveillance data, no ethical approval was required for the study. 

Patients with culture-confirmed TB from January 1, 1993 through December 31, 2004 in 
both registers were matched on the basis of sex, date of birth, year of diagnosis and 
postal code. Patients were included when data in both registers matched completely, or if 
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one minor difference existed in one of the matching variables. For a mismatch in the year 
of diagnosis only one calendar year difference between diagnosis (NTR) and isolation 
(RIVM) was tolerated. Duplicate matches were excluded.  

 
DNA fingerprinting 
M. tuberculosis isolates from all patients with culture-confirmed TB were subjected to 
IS6110 restriction fragment length polymorphism (RFLP) typing (13). Isolates with four or 
fewer IS6110 bands were subtyped using the polymorphic GC-rich sequence (PGRS) as a 
probe (14). Isolates with identical IS6110 RFLP patterns were assigned to a cluster. 

Isolates with four bands or less also had to have identical PGRS RFLP patterns to define a 
cluster. Isolates were subjected to spoligotyping to determine the genotype family (15). 
The Beijing genotype was defined according to the previously published definition (16). 
The Haarlem genotype was defined according to IS6110 RFLP and spoligotype patterns (17) 
and sequencing of the ogt gene (18). Computer-assisted analysis of IS6110-PGRS RFLP and 
spoligotyping patterns was done using Bionumerics software, version 4.0 for Windows 
(Applied Maths, Sint-Maartens-Latem, Belgium) and visually checked. 
 

Figure 1. Example of assignment of DNA fingerprint clusters into cluster episodes. One cluster 

episode includes all cases with the same DNA fingerprint that occur within 2 years after the date of 

diagnosis of the first case in that cluster. The first case in the (next) cluster episode is defined as 

the first diagnosed patient with a particular DNA fingerprint after a period of at least 2 years in 

which no other cases were diagnosed with that same DNA fingerprint.  

 
Selection of cluster episodes 
Because we were interested in newly arising clusters, or clusters that arose after a period 
during which no cases with that particular DNA fingerprint had been diagnosed, we 
assigned clustered cases to episodes. A cluster episode included all cases who had isolates 
with identical DNA fingerprints that occurred within 2 years after the first case in that 

cluster had been diagnosed, and after a period of 2 years during which no other cases with 

Exclusion of time limited cluster episodes starting in this period

Period of 2 years with no cases in this cluster

Time limited cluster episodes for 2 year

Cases occurring outside time limited cluster episodes

Case

Fingerprint 1

Fingerprint 2

Fingerprint 3

Fingerprint 4

’03 ’05’93 ’95
Exclusion of time limited cluster episodes starting in this period

Period of 2 years with no cases in this cluster

Time limited cluster episodes for 2 year

Cases occurring outside time limited cluster episodes

Case

Fingerprint 1

Fingerprint 2

Fingerprint 3

Fingerprint 4

’03 ’05’93 ’95
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that same DNA fingerprint had been diagnosed (Figure 1). We used a 2-year timeframe 
because clusters that grow large within this short period are most relevant for public 
health and most infected persons who develop active TB will do so within 2 years after 

infection (19). Cluster episodes before 1995 were excluded, because DNA fingerprint 
results from the period before 1993 were not available, and we were therefore unable to 
determine if a prior period of 2 years, without any clustered cases preceded index cases 
before 1995. Likewise, cluster episodes could not start after 2003 because these could not 
be followed for 2 years. Cluster episodes were considered large when they had five or 
more cases, and small when they had two to four cases within a 2-year period.  

 
Selection of the first two cases 
The first two cases of a cluster episode were selected according to their date of diagnosis. 
Characteristics of the first two cases were counted for each cluster episode. Missing 
values were counted as 0 as we assumed that in these cases, the risk factor was not 
present. Consequently, for each cluster episode, the characteristics of interest in the first 
two cases were coded as either present in both (2), present in one (1) or absent (0). 
 
Statistical analysis  
Demographic and clinical characteristics were analyzed as possible predictors. An urban 
area was defined as one of the four largest cities of The Netherlands (>250,000 
inhabitants). Multidrug resistance (MDR) was resistance to at least isoniazid and rifampicin. 
Nationalities were grouped into continents in which countries of the former Soviet Union 
were part of Asia and Western countries were represented by Australia, North America 
and European countries other than The Netherlands. In addition three non-Dutch 
nationalities with the highest absolute number of patients with TB (Turkish and Moroccan) 

or highest incidence (Somalian) in The Netherlands (20) were studied separately. For the 
date of diagnosis, we relied on the judgment of the TB physician. The time between the 
diagnosis of the first and second case was calculated.  

The relative count of each factor was compared between large and small clusters 
using logistic regression. Those predictors for which the count differed (P  0.25) were 
included in the multivariate logistic regression model. Our model was determined by use 

of the forward stepwise likelihood ratio methods with a significance level of 0.10. The 
predictive value of our model was determined by the area under the curve (AUC) of the 
receiver operating characteristic (ROC) curve. The ROC curve plots sensitivity and false-
positive (1-specificity) rate at all possible cutoff points of the predicted probability. The 
predicted probability is determined by the combination of characteristics of the first two 

patients in a cluster episode and the corresponding risks (odds ratios). The optimal point 
of the ROC curve, where the sum of sensitivity and corresponding specificity was at its 
maximum, corresponds with a certain probability. For the comparison of continues 
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variables that were not normally distributed, the Mann-Whitney U test was used, as 
appropriate.  
 

Sensitivity analysis 
To determine whether the ability to predict large clusters differed when the duration of a 
cluster episode was prolonged or when the number of cases in a large cluster episode 
decreased or increased, we performed two sensitivity analyses. First, the duration of a 
cluster was extended to 3 years. Second, the definition of a large cluster episode was 
changed to include at least four or at least six cases within 2 years. Statistical analyses 

were performed using SPSS 14.0.1 for Windows (SPSS, Inc., Chicago, IL).  
 

 

* Minor mismatches were a disagreement in sex (n=565), a one-digit difference in postal code (n=476), a one-digit 
difference in day or month of birth (n=185) and a disagreement of one calendar year between the date of diagnosis 
and the date of isolation (n=317). 

Figure 2. Classification of large and small cluster episodes of culture-confirmed tuberculosis (TB) 

patients in The Netherlands from 1993 through 2004.  

18,200 Diagnosed TB patients (NTR) 12,457 Culture-confirmed TB patients (RIVM) 

Cases in clusters that started 
before 1995: 1,182 (22%) 

Unique cases: 5,113 (48%) 

Clustered cases: 5,454 (52%) 

Matched result 10,567 
  Complete match:   9,024 
  Minor mismatch:   1,543* 
 

Cases in clusters that started 
in or after 2003: 211 (4%) 

Cases in clusters between 
1995-2003 but not part of a 
cluster episode: 2,305 (42%) 

Large cluster episodes (5 or more cases): 
Cases: 393 (22%) 
Clusters: 54 (9%) 

Small cluster episodes (2-4 cases):  
Cases: 1,363 (78%) 
Clusters: 568 (91%) 

Cases in cluster episodes: 1,756 (32%) 
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Results 
From 1993 through 2004, 18,200 patients with TB were reported to the NTR, 12,457 (68%) 
of whom were culture-confirmed TB. Of the culture-confirmed cases, 10,567 (85%) could 
be matched between the two datasets. Of these, 9,024 (85%) had complete agreement in 

the matching variables, whereas another 1,543 (15%) had a minor difference in one of the 
matching variables (Figure 2). No difference between matched and nonmatched patients 
was found regarding sex, age group and nationality. Patients who were detected passively 
matched slightly more often (78%) compared to those found actively (65%).  

Of the matched cases, 5,454 (52%) were clustered, representing 1,168 different DNA 

fingerprint patterns (Figure 2). In total, 622 cluster episodes of 2 years were identified 
comprising 1,756 of 5,454 (32%) cases. Five hundred and forty-two DNA fingerprint 
patterns were found in a single cluster episode, and 40 were found in two cluster episodes.  
The number of cases per cluster episode ranged from 2 through 20 (Figure 3). Of the 622 
cluster episodes, 568 were small (91.3%) and 54 (8.7%) large. In Table 1, characteristics of 
cases in cluster episodes are shown and compared with cases that were clustered but not 

involved in a cluster episode to assess the possibility of selection bias.  
 

Figure 3. Frequency distribution of cluster episodes by size. 
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Table 1. Characteristics of clustered cases in cluster episodes (n=1,756) compared with clustered 

cases not in cluster episodes (n=3,698). 
Characteristic No. of 

clustered cases 
not in episode 

No. of clustered 
cases  
in episode * (%)  

Odds ratio  
for being in  
episode (95% CI) 

P value 

Sex      0.051 
  Male 2,373 1,079 (31.3) 1  
  Female 1,325 677 (33.8) 1.12 (1.00-1.26)  
Age, yr     0.014 

     0-14   134   81 (37.7)   1.22 (0.91-1.62)  
  15-34 1,899 944 (33.2) 1  
  35-54 1,085 441 (28.9) 0.82 (0.71-0.94)  
  55+ 580 290 (33.3) 1.01 (0.86-1.18)  
Diagnosis    0.542 
  PTB 2,147 989 (31.5) 1  
  ETB 1,155 564 (32.8) 1.06 (0.94-1.20)  
  PTB+ETB 387 200 (34.1) 1.12 (0.93-1.35)  
  Unknown 9 3 (25.0) 0.72 (0.20-2.58)  
ZN result (sputum or BAL)    <0.001 
  Positive 1,478 746 (35.1) 1  
  Negative 465 266 (36.4) 1.06 (0.89-1.26)  
  Not done/unknown 1855 744 (28.6) 0.74 (0.66-0.84)  
Previous TB    0.950 
  No 2,991 1,421 (32.2) 1  
  Yes 326 158 (32.6) 1.02 (0.89-1.25)  
  Unknown 381 177  (31.7) 0.98 (0.81-1.18)  
HIV infection    0.06 
  No 3,510  1,687 (32.5) 1  
  Yes 188 69 (26.8) 0.76 (0.58-1.01)  
Case finding    0.068 
  Passive 2,887 1,389 (32.5) 1  
  Contact tracing 293 156 (34.7) 1.11 (0.90-1.36)  
  Screening (risk group/work) 367  161 (30.5) 0.91 (0.75-1.11)  
  Unknown 151 50 (24.9) 0.69 (0.50-0.95)  
Place of residence    0.196 
  Urban 1,449 656 (31.2) 1  
  Village 2,249 1,100 (32.8) 1.08 (0.96-1.22)  
High-risk group †     <0.01 
  No/ unknown 3,237 1,617 (33.3) 1  
  Yes 461 139 (23.2) 0.60 (0.50-0.74)  
Country of origin    <0.001 
  The Netherlands 1,671 705 (29.7) 1  
  Central and South America 155 55 (26.2) 0.84 (0.61-1.16)  
  Asia 356 242 (40.5) 1.61 (1.34-1.94)  
  Western countries ‡  139 69 (33.2) 1.18 (0.87-1.59)  
  Sub-Saharan Africa 883 483 (35.4) 1.30 (1.13-1.49)  
  North Africa 467 190 (28.9) 0.96 (0.80-1.17)  
  Unknown  27 12 (30.8) 1.05 (0.53-2.09)  
Turkish     0.561 
  No/ unknown 3,528 1,669 (32.1) 1  
  Yes  170 87 (33.9) 1.08 (0.83-1.41)  
 Moroccan     0.119 
  No/unknown 3,264 1,575 (32.5) 1  
  Yes 434 181 (29.4) 0.86 (0.72-1.04)  
Somali     0.761 
  No/unknown 3,139 1,485 (32.1) 1  
  Yes 559  271 (32.7) 1.03 (0.88-1.20)  
Beijing genotype    <0.001 
  No 3,522 1,619 (31.5) 1  
  Yes 176 137 (43.8) 1.69 (1.34-2.13)  
Haarlem genotype    <0.001 
  No 2,835 1,452 (33.9) 1  
  Yes 863 304 (26.0) 0.69 (0.60-0.80)  
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Table 1. continued 
Characteristic No. of 

clustered cases 
not in episode  

No. of clustered 
cases  
in episode * (%)  

Odds ratio  
for being in  
episode (95% CI) 

p Value 

Isoniazid resistance     0.002 
  No 3,439 1,610 (31.9) 1  
  Yes 221 139 (38.6) 1.34 (1.08-1.68)  
  Unknown 38 7 (15.6) 0.39 (0.18-0.88)  
Rifampicin  resistance    0.017 
  No 3,625 1,724 (41.7) 1  
  Yes 35 25 (32.2) 1.50 (0.90-2.52)  
  Unknown  38 7 (15.6) 0.39 (0.18-0.87)  
Multidrug resistance §     0.045 
  No 3,631 1,732 (32.3) 1  
  Yes 29 17 (37.0) 1.23 (0.67-2.24)  
  Unknown 38 7 (15.6) 0.39 (0.17-0.87)  
Total number 3,698  1,756 (32.2)   

BAL = bronchoalveolar lavage, EPTB = extra-pulmonary tuberculosis, PTB = pulmonary tuberculosis, TB = tuberculosis, 
ZN = Ziehl-Neelsen staining. * Row percentages are given. † High risk groups are illegal immigrants, alcohol and/or 
drug abusers and/or prisoners.  ‡ Western countries include Europe (excluding The Netherlands), Australia and North 
America. § Multidrug resistance was defined as resistance to at least isoniazid and rifampicin.  

 
Because the number of cases assessed was very large, we considered a difference of more 

than 10% between the two groups relevant. Cases in cluster episodes had less often 
unknown information in several variables, were more often from Asia, and more often had 
TB caused by an M. tuberculosis strain of the Beijing genotype or one that was resistant to 
rifampicin. 
 In Table 2, characteristics of the first two cases are shown that are associated with 
large cluster episodes. Univariate analysis showed that time between the first two 
patients was significantly shorter in large clusters than in small clusters. In 36 of 54 large 
clusters (67%), the first two cases were diagnosed within a period of 3 months, compared 
to 150 of 568 (26%) in small clusters. One or both early cases in large clusters were more 
often young (age < 35 years). Furthermore, it was more common that both first cases of 
large cluster episodes lived in an urban setting. HIV infection and MDR were both more 
often present in the first two cases of large clusters compared with small clusters 
(P=0.051 and P=0.039, respectively). The mean time between onset of symptoms and 
health seeking (patient delay) of the first patient was 13.7 weeks for first cases in large 
clusters compared with 8.9 weeks for those in small clusters (Mann-Whitney U test 
P=0.432, known in 423 [68%] of all cluster episodes).  
Multivariate logistic regression revealed four significant independent predictors for large 
clusters: a period of less than 3 months between the date of diagnosis of the first two 
cases, young age of one or both, both living in an urban area and both coming from sub-
Saharan Africa (Table 3). 
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Table 2. Univariate logistic analysis of the characteristics of the first two cases of large clusters  (5 

or more cases, n=54) compared to those from small clusters (2-4 cases, n=568). 

Characteristics of the first two cases in a 
cluster episode 

No. of large 
clusters (%) *  

No. of 
small 
clusters 

Odds ratio for 
large cluster  
(95% CI) 

P value 

Male    0.142 
  None 8 (7.3) 102 1  
  1 male  18 (6.7) 250 0.92 (0.39-2.18)  
  Both males 28 (11.5) 216 0.65 (0.73-3.75)  
Age below 35 yr    0.001 
  None 4 (2.5) 154 1  
  1 case below 35 yr 27 (11.8) 202 5.15 (1.73-15.0)  
  Both cases below 35 yr 23 (9.8) 212 4.18 (1.42-12.3)  
ZN result (sputum or BAL)    0.136 
  None 12 (5.9) 190 1  
  1 case with ZN-positive TB 31 (11.0) 251 1.96 (0.98-3.91)  
  Both cases have ZN-positive TB 11 (8.0) 127 1.37 (0.59-3.20)  
Contact investigation    0.185 
  None or unknown 43 (7.9) 502 1  
  1 case detected by contact tracing 10 (13.7) 63 1.85 (0.89-3.87)  
  Both cases detected by contact tracing 1 (25.0) 3 3.89 (0.40-38.2)  
Urban residence    0.021 
  None 21 (6.4) 305 1  
  1 case lives in urban 14 (8.2) 156 1.30 (0.65-2.63)  
  Both cases live in urban  19 (15.1) 107 2.58 (1.34-4.98)  
Same nationality (1st and 2nd case)     0.095 
  No or unknown 27 (11.0) 218 1  
  Yes 27 (7.2) 350 0.62 (0.36-1.09)  
Turkish nationality    0.095 
  None or unknown  51 (8.9) 522 1  
  1 Turkish case  3 (12.0) 22 1.40 (0.40-4.82)  
  Both cases are Turkish 0 (0) 24 -  
Sub-Saharan African nationality    0.112 
  None or unknown 30 (7.1) 394 1  
  1 case is from sub-Saharan Africa 7 (11.5) 54 1.70 (0.71-4.07)  
  Both cases are from sub-Saharan Africa 17 (12.4) 120 1.86 (1.00-3.49)  
Asian nationality    0.058 
  None or unknown 47 (9.7) 439 1  
  1 case is Asian 6 (7.6) 73 0.77 (0.32-1.86)  
  Both cases are Asian 1 (1.8) 56 0.17 (0.02-1.23)  
HIV infection     
  None or unknown 46 (7.9) 533 1 0.051 
  1 case with HIV infection 7 (17.9) 32 2.54 (1.06-6.06)  
 Both cases are HIV infected 1 (25.0) 3 3.86 (0.39-37.9)  
MDR †     0.039 
  None  51 (8.3) 561 1  
  1 case with MDR-TB 1 (14.3) 6 1.83 (0.22-15.5)  
  Both cases have MDR-TB 2 (66.7) 1 22.0 (1.96-247)  
Time between diagnosis 1st and 2nd case, mo    <0.001 
  0- < 3  36 (19.4) 150 8.45 (3.23-22.1)  
  3- < 6  5 (4.2) 114 1.54 (0.44-5.45)  
  6- <12  8 (5.9) 128 2.20 (0.70-6.88)  
  12-24  5 (2.8) 176 1  
Total number of cluster episodes 54 (8.7) 568   

Only variables with a P <0.25 were included in this table. BAL= bronchoalveolar lavage, MDR=multidrug resistance, 
ZN=Ziehl-Neelsen staining. * Row percentages are given. † MDR was defined as resistance to at least isoniazid and 
rifampicin.  
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We did not take MDR into account in the multivariate model because the number of MDR-
TB cases was small. The discriminative ability of this multivariate model is shown by the 
ROC curve (Figure 4). The AUC of the ROC curve in Figure 4 (black line) is 0.79 (95% 

confidence interval [CI], 0.72-0.85). None of the possible interaction terms between 
independent predictors was significant or increased the AUC of the ROC curve. The 
optimal cut point for predicting large cluster episodes was when sensitivity was 65% and 
specificity was 82%. The corresponding positive and negative predictive values were 25 
and 96%, respectively. The probability corresponding with this optimal cut point is 14%, 
indicating that clusters with a predicted probability above 14% are likely to become large. 

 

Table3. Multivariate model for prediction of large cluster episodes (5 or more cases) that occur 

within 2 years or within 3 years predicted by characteristics of the first 2 cases.* 

 Cluster episodes of 2 years 
Large clusters (n=54) 
compared  
with small clusters (n=568) 

Cluster episodes of 3 years 
Large clusters (n=84) 
compared  
with small clusters (n=538) 

Characteristics of the first two  
cases in a cluster episode 

Odds ratio for 
large clusters 
(95% CI)  

P value Odds ratio for 
large clusters 
(95% CI)  

p value 

Age below 35 yr  0.001  0.040 
  None  1  1  
  1 or both cases are below 35 yr 4.50 (1.54-13.17)  1.93 (1.00-3.73)  
Urban residence  0.012  0.015 
  None 1  1  
  1 case lives in urban 1.30 (0.62-2.72)  1.03 (0.57-1.88)  
  Both cases live in urban 3.00 (1.46-6.18)  2.29 (1.29-4.09)  
Sub-Saharan African nationality  0.064  0.247 
  None or unknown 1  1  
  1 case is from sub-Saharan Africa 1.13 (0.45-2.89)  1.26 (0.59-2.69)  
  Both cases are from sub-Saharan Africa 2.36 (1.16-4.82)  1.66 (0.92-3.01)  
Time between diagnosis 1st and 2nd cases, mo  <0.001  <0.001 
  0 to <3  6.62 (3.54-12.39)  3.48 (2.14-5.66)  
  3-24  1  1  

* n=622 cluster episodes 

 
In Figure 5, the probability of a large cluster episode is given for all possible combinations 
of characteristics of the first two cases. When the first two cases in a cluster episode 
occur within 3 months’ time and at least one of them is younger than 35 years, according 
to their origin and address, the risk of development of a large cluster is one to more than 
five times increased.  

To determine whether the ability to predict large clusters increased when 
characteristics of the first three instead of the first two cases were used, we repeated the 
analysis by comparing large clusters with small clusters with at least three cases (data not 
shown). Except for age, which was not a significant (P= 0.19) predictor anymore, no other  
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Figure 4. Receiver operating characteristic curve for the multivariate model with characteristics of 

the first two cases, including age below 35 year, urban residence, sub-Saharan African nationality, 

and time between diagnosis of the first two cases. Lines represent the prediction of the model for 

large clusters when large cluster episodes are defined as having at least four (light grey line), five 

(main model, black line) or six(dark grey line) cases within a period of 2 years.  

 
independent predictors were found. The AUC of the ROC curve did not change to a 
relevant extent (from 0.79 to 0.81; 95% CI, 0.74-0.88). 

The size of a large cluster episode was arbitrarily set at five or more cases. Our 
model was still valid when large cluster episodes were defined as having four or more, or 
six or more cases (data not shown). However, the AUC of the ROC curve changed to 0.70 
(95% CI, 0.64-0.76) and 0.87 (95% CI, 0.80-0.93), respectively (Figure 4).  

We evaluated the usefulness of our model, for the prediction of large cluster 
episodes that occurred during a 3-, instead of 2-year period. As a consequence, 30 of our  

small cluster episodes became large and the AUC of the ROC curve decreased to 0.70 (95% 
CI, 0.63-0.76) when the same predicting characteristics were included. Origin from sub-
Saharan Africa seemed still a risk factor but was not significant anymore (Table 3). 
 
 

Discussion  
This study showed that the growth of new TB clusters with five or more cases within 2 
years can be predicted by the characteristics of the first two cases. Independent 
predictors for large cluster episodes were age under 35 years, living in an urban area,  
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Probability (%) of development of a large cluster within 2 years determined by 

the characteristics of the first 2 cases in a cluster episode 
Number of first 2 cases 

that: 
 

Live in an urban area 

Time between 
1st and 2nd case 

 

Number of first 2 
cases with: 

 
 

Age <35 years old 

Number of first 2 
cases with: 

 
Origin from sub-
Saharan Africa None 1 2 

None 4% 5% 11% 

1 4% 6% 12% None 

2 9% 11% 22% 

None 15% 19% 35% 

1 17% 21% 38% 

0-3 months 

1 or 2 

2 30% 36% 56% 

None 1% 1% 2% 

1 1% 1% 2% None 

2 1% 2% 4% 

None 3% 3% 8% 

1 3% 4% 9% 

> 3 months 

1 or 2 

2 6% 8% 16% 
Increase in probability of a large cluster episode in comparison to the background 
prevalence of  a large cluster  

    1 - 2  times increased probability 

  ≥ 2 – 3 times increased probability 

  ≥ 3 – 5 times increased probability 

  ≥ 5      times increased probability 

Figure 5. Schematic chart of the predicted probability of development of a large cluster episode (5 

or more cases) within 2 years, based on characteristics of the first two cases in a cluster.  

 
sub-Saharan African nationality of at least one of the first two patients and less than 3 
months’ time between diagnosis of these first two patients. Sensitivity analysis showed 

that the discriminative ability of our model remained good when the definition of a large 
cluster episode was changed to include at least four or six cases, or when the time-span of 
a large cluster covered 3 years instead of 2.  

Time between cases, age, nationality and residence are all variables that are known 
shortly after the diagnosis of a new TB case and should be part of the national TB 
registration. When molecular data and the national registration are combined, new cluster 

episodes can be screened using these risk factors to identify those clusters at a higher risk 
of increasing in size, thereby providing an early warning system for municipal health 
services. In the United States, 38 to 57% of the clustered cases were found in addition to 
conventional contact investigation when information from genotyping M. tuberculosis 
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isolates was used (21). Nowadays, a considerably faster method than IS6110-RFLP typing is 
available which is based on variable numbers of tandem repeats (22). This technique 
enables to give feedback on clustering of TB cases within a few weeks. 

A short time-span between the first two patients in a cluster was the strongest 
predictor for large cluster episodes. One could attribute this strong association partly to 
our definition of a large cluster episode, which required more cases within 2 years than 
small cluster episodes. However, that does not explain our observation that only a period 
less than 3 months between the first and second case was predictive, the same risk 
pattern was found when a cluster episode covered 3 instead of 2 years, and no decreasing 

trend was observed towards longer periods.  
Patient delay of first cases of large clusters was substantially longer (mean delay was 

4.8 wk longer) than that of small clusters, although this difference was not significant. 
The prolonged patient delay of first cases of large clusters could explain the very short 
time span found between the first and second cases of large cluster episodes. Index cases 
that experienced a longer period with complaints and delayed health seeking may have 
infected more secondary cases and as a consequence gave rise to larger clusters than 
those index cases with a shorter patient delay.  

Population-based studies previously showed that young age is a risk factor for 
clustering (8, 9, 23-25). Usually, young index cases have more intimate contacts and more 
contacts in general (26), and as a result, generate more secondary cases (6, 9) than older 
index cases. This agrees with our finding that young age is a predictor of cluster growth. 
Also, in urban areas, the number of possible contacts and thus the chance that an patient 
with infectious TB, will infect another person is greater than in rural areas (2, 25, 27).  

We showed that patients from sub-Saharan Africa more often gave rise to a large 
cluster episode. Different nationalities have been associated with clustering, depending 

on the study setting (2, 7-9, 28-31). Most studies showed that clustering tends to occur 
among persons with the same nationality (28, 29, 31). African patients, especially when 
coming from Morocco to The Netherlands (9) or from Somalia to Denmark (28), showed 
high risks of being the first case in a cluster. However, an epidemiological link is rarely 
detected among African immigrants that share a DNA fingerprint (32, 33), which suggests 
that African cases may have contracted their infection in their home country where this 

DNA fingerprint is common (34).   
Underlying HIV infection, a well known risk factor for progression to active TB disease 

and associated with a shorter time between successive cases in clusters with at least one 
HIV-positive person (35), is uncommon among patients with TB in The Netherlands 
(estimated prevalence is 4.1%) (36). We were unable to show that HIV infection was an 

independent predictor for the development of large cluster episodes.  
The aim of our study was to find a method to predict the majority of large clusters, 
without classifying too many small clusters incorrectly as large. The optimal cutoff point 
of our model allowed us to correctly predict 65% of the large cluster episodes, with only 
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18% of all small cluster episodes incorrectly predicted as becoming large. Because small 
cluster episodes occurred more frequently than large ones, the positive predictive value 
was 25% in this population. If all new cluster episodes with a probability above 14% were 

considered as potential outbreaks, this would lead to intensified case finding in 172 of 622 
cluster episodes during our 8-years observation period; approximately 22 per year. In 
comparison with all patients with pulmonary TB in The Netherlands (672 in 2005) this is a 
rather small number. In addition, when intensified case finding succeeds and further 
transmission is prevented, the number of large clusters will gradually decrease over time. 
Although large cluster episodes occur rarely, the number of cases involved in large 

clusters can be substantial (4). Therefore, contact investigations around cases in 
potentially fast-growing clusters may need more attention than the routine investigation 
that is done in The Netherlands around all culture-confirmed TB cases.  

To our knowledge, only few studies reported risk factors for cluster growth (10, 37). 
Driver and colleagues (37) showed that infectiousness of the initial cases was associated 
with a higher rate of cluster growth compared with clusters in which neither case was 
infectious. We were unable to confirm this finding as sputum smear results were missing in 
29% of our cases and only available since 1996. Even when we considered all missing 
values as positive sputum smear results, sputum smear positivity of the first two patients 
was not an independent predictor.  

Through the selection of a 2-year time period to define cluster episodes, we may not 
have included all epidemiologically linked cases (38, 39). A recent study in The 
Netherlands showed that over half of the secondary cases caused by new strains (strains 
that were not isolated within the preceding 2 yr) occur within 2 years after introduction 
(40). Another study showed that 86% of cases that clustered within 2 years had an 
epidemiologic link that was evident or likely (33). 

We assumed that cases who develop active TB would do so at least within 2 years 
after infection; otherwise, they were not considered as a secondary case, but as a new 
source case. By this definition, we were able to include more than one cluster episode of 
a particular fingerprint. Our results therefore represent predictors for all possible 
outbreaks of emerging and reemerging strains rather than only new fingerprints. One 
limitation is that our model may not be valid for existing clusters that continue to have 

cases at least every 2 years.  
We found that clustered cases with an infection caused by a M. tuberculosis strain of 

the Beijing genotype, with rifampicin resistance or from Asia were relatively more often 
part of a cluster episode of 2 years than other clustered cases. The association between 
rifampicin resistance and clustering can be explained by the fact that patients infected 

with a resistant strain remain infectious longer, because the resistance is usually not 
recognized directly at diagnosis. The fact that strains of the Beijing genotype were more 
often part of short cluster episodes is highly interesting, since this suggests that such 
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strains transmit more successfully or that patients infected with such strains more rapidly 
progress to TB disease.  

Another limitation of our study is that we could only include culture-positive and 

matched TB cases and therefore excluded all possible transmission to and from patients 
who were not confirmed by culture, reducing potential cluster size. Furthermore, 
misclassification could have occurred due to instability of the fingerprint pattern (41), 
which would cause us to miss clustered cases. Because the number of large clusters is 
small, the power of our study was limited to find or exclude risk factors with small 
relative risks.  

 
In conclusion, we showed that the majority of TB outbreaks can be predicted by 
characteristics of the first two cases in a cluster episode. It is unclear whether the same 
predictive factors apply in other settings. Even in other low-endemic countries, the 
population and transmission patterns can differ from those in The Netherlands. However, 
the methodology we used can be applied by others to identifying setting specific 
predictive factors. TB cases who are part of new cluster episodes should be screened for 
the risk factors described in this study, and targeted interventions (e.g., intensified 
contact investigation) should be considered to prevent the predicted development of large 
clusters.  
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Summary 
Background 
Sputum smear microscopy is commonly used for diagnosing tuberculosis (TB). Although 
patients with sputum smear-negative TB are less infectious than patients with smear-

positive TB, they also contribute to TB transmission. The objective of this study was to 
determine the proportion of TB transmission events caused by patients with smear-
negative pulmonary TB in The Netherlands.  
Methods 
All patients in The Netherlands with culture-confirmed TB during the period 1996-2004 

were included in this study. Patients with identical DNA fingerprints in Mycobacterium 
tuberculosis isolates from sputum samples were clustered. The first patients in a cluster 
were considered to be index cases, all other patients were considered secondary cases. In 
addition, we examined the transmission from sources by conventional contact tracing. 
Results 
We analyzed 394 clusters with a total of 1285 patients. On the basis of molecular linkage 

only, 12.6% of the secondary cases were attributable to transmission from a patient with 
smear-negative TB. The relative transmission rate among patients with smear-negative TB, 
compared with patients with smear-positive TB was 0.24 (95% CI 0.20-0.30). Secondary 
cases in clusters with an index patient with smear-negative TB more frequently had 
smear-negative status (OR 1.86, 95% CI 1.18-2.93), compared with secondary cases in 
clusters with an index patient with smear-positive TB. Conventional contact tracing 
revealed that 26 (6.3%) of the 417 sources, as identified by the Municipal Health Services, 
had smear-negative TB. 
Conclusions 
In The Netherlands, patients with smear-negative, culture-positive TB are responsible for 
13% of TB transmission. Countries that have ample resources should expand their TB-
control efforts to include prevention of transmission from patients with smear-negative, 
culture-positive pulmonary TB. 
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Introduction 
Mycobacterium tuberculosis is mainly transmitted by patients with pulmonary tuberculosis 
(TB). Microscopic examination of sputum smear specimens for the presence of M. 
tuberculosis, observed as acid-fast bacilli, is used worldwide to diagnose TB. Patients with 

sputum smear-negative TB are less infectious than patients with sputum smear-positive TB 
(1, 2). Nevertheless, patients with smear-negative, culture-positive pulmonary TB are 
capable of transmitting M. tuberculosis (3, 4). Light microscopy can detect mycobacteria 
at a minimum density of 5,000-10,000 bacilli per mL of sputum, whereas the infectious 
amount is only a few organisms (5, 6). Therefore, persons in contact with patients with 

smear-negative TB are at risk of infection due to M. tuberculosis and the subsequent 
development of active TB (2, 7, 8). However, there are limited quantitative data on the 
relative contribution of patients with smear-negative, culture-positive TB to TB 
transmission.  

Recent studies in San Francisco (3) and Vancouver (4), that used molecular linkage 
estimated that, for 17%-20% of patients with TB, TB resulted from transmission by patients 

with smear-negative TB. However, these studies analyzed only 71 and 44 clusters, 
respectively.  

In our study, we expand on these observations by determining the contribution of 
patients with smear-negative, culture-positive TB to TB transmission in a large cohort in 
The Netherlands with use of both molecular linkage and data from contact investigations 
performed by the Municipal Health Services. The advantage of studying this topic among a 
large national TB cohort is the added confidence that may be gained by the large number 
of patients studied over a long period.  
 
 

Methods 
Patients 
Demographic and clinical information of all patients with TB diagnosed in The Netherlands 
during the period 1996-2004 was retrieved from the Netherlands Tuberculosis Register 
(NTR).  
 
Molecular linkage 
M. tuberculosis isolates from all patients with TB who had a positive culture result were 
subjected to standardized IS6110-based restriction fragment-length polymorphism typing 
to disclose linkage between patients with TB, as described elsewhere (9, 10). Isolates with 
≤4 IS6110 bands were subtyped using the polymorphic GC-rich sequence as a probe. 
Patients whose M. tuberculosis isolates had 100% identical DNA fingerprints were clustered. 

In general, the first patient who received a diagnosed in a cluster was considered to be 
the index patient of that cluster.  
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The Beijing genotype was defined as described elsewhere (11). The Haarlem genotype was 
defined according to IS6110 restriction fragment-length polymorphism and spoligotype 
patterns (12) and sequencing of the ogt gene (13. 
 
Cluster selection 
Data from the NTR were matched with data from the national M. tuberculosis DNA 
fingerprint database on the basis of sex, date of birth, date of TB diagnosis and postal 
code, as described elsewhere (14). Patients with a unique M. tuberculosis DNA fingerprint 
and clusters in which the index patient had only extrapulmonary TB were excluded from 

analysis. Because sputum-smear status has only been recorded in the NTR since 1996, we 
included only clusters from during or after 1996. To increase the chance that only new 
clusters were included, we excluded all clusters including cases from the period 1993-1995. 
No ethical approval was needed, because we used retrospectively gathered anonymous 
data. 
 
Proportion of transmission caused by patients with smear-negative status 
Our primary epidemiological outcome was the proportion of TB transmission caused by 
patients with smear-negative status. The transmission events associated with smear-
negative status were only calculated for clusters in which the smear status of the index 
patient was known. Secondary cases that were preceded only by cases of smear-negative 
TB were attributed to smear-negative transmission (i.e., transmission from a patient with 
smear-negative TB). All cases that occurred after any case of smear-positive TB were 
attributed to smear-positive transmission (i.e., transmission from a patient with smear-
positive TB). For clusters in which the index patient’s smear status was unknown, we used 
two following extreme approaches as a sensitivity analysis: we determined the proportion 

of smear-negative transmission events assuming that all unknown smear results were 
positive, and we determined the proportion of smear-negative transmission events 
assuming that all unknown smear results were negative.  
 
Relative transmission rate 
Our secondary outcome was the relative rate of transmission by patients with smear-

negative status. This rate indicates the proportion of transmission that is caused by 
patients with smear-negative TB, compared with the proportion caused by patients with 
smear-positive TB. The relative transmission rate was calculated as the number of smear-
negative transmission events per the total number of patients with smear-negative TB 
divided by the number of smear-positive transmission events per the total number of 

patients with smear-positive TB. The relative transmission rate was calculated by using all 
patients from the matched database, with exclusion of only those patients with 
extrapulmonary TB, because they did not have a smear result recorded in the NTR.  
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Sensitivity analysis 
We corrected our primary outcome, the proportion of smear-negative transmission events, 
for two possible biases. The reversed-order-of-diagnosis bias would most likely occur in 

clusters in which the first two patients had cases diagnosed within a few months of each 
other (3). Therefore, we sequentially removed all clusters in which the first two cases 
were diagnosed within 1, 2, 3, 4, 5 or 6 months of each other and recalculated the 
proportion of smear-negative transmission events.  

When the first two cases in a cluster are diagnosed >2 years apart, it is unlikely that 
the second case would result from recent transmission by the patient with the first case 

(15). To determine the effect of this no-recent-transmission bias, we sequentially 
removed all clusters in which the first two cases were diagnosed >2, 3, 4 and 5 years apart 
and recalculated the proportion of smear-negative transmission events. 
 
Epidemiological linkage 
Clustered patients with TB are systematically reported to the Municipal Health Services 
(MHS). TB public health nurses contact these patients to investigate possible 
epidemiological links with previous patients in that same DNA fingerprint cluster with use 
of standardized questionnaires (16). If an epidemiologic link is found between two 
clustered patients with TB, the index patient is registered as a source and the patient 
with the secondary case is registered as a contact. A source is defined as a definite source 
if the source and the contact know each other’s name, and the source is defined as a 
probable source if the source and the contact do not know each other’s name but share an 
identical risk factor (e.g. location visited or risk group) (16).We calculated the proportion 
of patients with smear-negative TB among all sources, as defined by the MHS. 
 

Statistical analysis 
To study possible risk factors for being in a cluster with an index patient with smear-
negative TB, we used logistic regression to calculate odds ratios (OR) for the categorical 
variables, and depending on the distribution, we used either Student’s t test or the Mann-
Whitney U test for numerical variables. A threshold of P <·05 was used to define statistical 
significance. All analyses were performed with use of SPSS for Windows, version 14.0 

(SPSS).  
 
 

Results 
Patients  
The NTR contained 13,064 patients with all forms of TB from January 1996 through 

December 2004; 9,139 (70.0%) of these patients had culture-positive TB. The National 
Institute for Public Health and the Environment determined the DNA fingerprint of 9,347 M. 
tuberculosis isolates during this period. We matched the NTR database to the DNA  
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E=extrapulmonary, P=pulmonary, RIVM= Mycobacteria Reference Laboratory at the Netherlands Institute for Public 
Health and the Environment (Bilthoven, Netherlands), TB=tuberculosis 

Figure 1. Flow chart of patient and cluster selection.  

 
fingerprint database, which resulted in a matched database of 7,438 patients with TB. 

Because DNA fingerprinting can only be performed for patients with culture-positive TB, 
7,438 (81.4%) of 9,139 patients with culture-confirmed TB were matched. Exclusion of all 
patients with a unique DNA-fingerprint, who were in a cluster that started before 1996, or 
who were in a cluster which the index patient had only extrapulmonary TB resulted in a 
database of 394 clusters with a total of 1,285 patients (Figure 1). 
 

Molecular linkage  
Compared with index patients with smear-positiveTB, index patients with smear-negative 
TB more frequently had pulmonary and extrapulmonary TB (OR 2.58; 95%CI 1.40-4.78) and 
were less frequently born in The Netherlands (OR 0.52; 95% CI 0.28-0.95) (Table 1).  

13064 TB patients in Netherlands 
Tuberculosis Registration 1996-
2004 

7438 TB patients in the matched 
database 

9347 TB patients with DNA 
fingerprint in RIVM database, 1996-
2004 

3696 TB patients in a cluster of 2 or 
more (838 clusters) 

1845 TB patients in 
clusters that started 
before 1996  
(290 clusters) 

566 TB patients in 
clusters that started 
with an 
extrapulmonary TB 
patient (154 clusters) 

961 TB patients in cluster with 
smear-positive index case  
(267 clusters) 

242 TB patients in cluster with 
smear-negative index case  
(92 clusters) 

82 TB patients in cluster with 
index case with unknown 
smearstatus  

3742 TB patients with 
a unique DNA 
fingerprint 
 

1285 TB patients in a cluster of 2 or 
more that started in 1996 or later with an 
index patient with P or P+E (394 clusters) 
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Table 1. Characteristics of the index patients. 

 No. (%) of index patients, by smear status  
 Positive Negative Unknown All  
Characteristic (n=267) (n=92) (n=35) (n=394) OR (95% CI)a 

Age, years      
  0-14 4 (1.5) 1 (1.1) 2 (5.7) 7 (1.8) 0.82 (0.09-7.49) 
  15-35 157 (58.8) 48 (52.2) 17 (48.6) 222 (56.3) 1 
  35-54 60 (22.5) 23 (25.0) 4 (11.4) 87 (22.1) 1.25 (0.70-2.24) 
  ≥55 46 (17.2) 20 (21.7) 12 (34.3) 78 (19.8) 1.42 (0.77-2.63) 
HIV status      
  Positive 16 (6.0) 8 (8.7) 1 (2.9) 25 (6.3) 1.49 (0.61-3.63) 
  Negative 27 (10.1) 9 (9.8) 8 (22.9) 44 (11.2) 1.00 (0.45-2.21) 
  Unknown 224 (83.9) 75 (81.5) 26 (74.3) 325 (82.5) 1 
Tuberculosis site b      
  PTB 235/264 (89.0) 69/91 (75.8) 26 (74.3) 330/390 (84.6) 1 
  PTB and EPTB 29/264 (11.0) 22/91 (24.2) 9 (25.7) 60/390 (15.4) 2.58 (1.40-4.78) 
Sex      
  Male 168 (62.9) 51 (55.4) 26 (74.3) 245 (62.2) 0.73 (0.45-1.19) 
  Female 99 (37.1) 41 (44.6) 9 (25.7) 149 (37.8) 1 
Born in the Netherlands      
  No 187 (70.0) 75 (81.5) 20 (57.1) 282 (71.6) 1 
  Yes 77 (28.8) 16 (17.4) 15 (42.9) 108 (27.4) 0.52 (0.28-0.95) 
  Missing data 3 (1.1) 1 (1.1) 0 (0) 4 (1.0) 0.83 (0.09-8.12) 

PTB= pulmonary tuberculosis, EPTB=extrapulmonary tuberculosis a The univariate ORs were calculated for patients 
in clusters with an index patient with smear-negative tuberculosis versus patients in clusters with an index patient 
with smear-positive tuberculosis. Clusters in which the smear status of the index patient was unknown were not 
considered in these analyses. b The tuberculosis site was not known for all patients.  

 
Secondary cases in clusters with an index patient with smear-negative TB were more likely 

to have smear-negative TB (OR 1.86; 95%CI 1.18-2.93) and were more frequently >55 years 
of age (OR 1.87; 95% CI 1.16-3.00) compared with secondary cases in clusters with an 
index patient with smear-positive TB (Table 2). 

The median time from diagnosis of the first case to diagnosis of the second case was 
significantly shorter in clusters with an index patient with smear-positive TB than in 
clusters with an index patient with smear-negative TB (533 vs. 216 days, respectively; 

P<0.001) (Table 3). The smear status of the index patient was not associated with 
characteristics of the M. tuberculosis genotype family, because the proportion of Haarlem 
or Beijing strain did not differ between clusters with an index patient with smear-positive 
TB and clusters with an index patient with smear-negative TB.  
 

Proportion smear-negative transmission events 
In total, 359 (91.1%) of the 394 clusters had an index patient with a known smear result, 
and these index patients lead to 844 secondary cases (Table 4). Ninety-two clusters had an 
index patient with smear-negative status, and 106 (70.7%) of the 150 secondary cases 
were attributable to transmission from a patient with smear-negative status. The 
proportion of smear-negative transmission events was 12.6% (106 of 844 secondary cases 
resulted from smear-negative transmission).  
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Table 2. Characteristics of the secondary cases  

 No. (%) of secondary cases, by smear status of the index patient  
 Positive Negative Unknown All  
Characteristic (n=694) (n=150) (n=47) (n=891) OR (95% CI)a 

Smear status      
  Positive 277 (39.9) 44 (29.3) 14 (29.8) 335 (37.6) 1 
  Negative 159 (22.9) 47 (31.3) 12 (25.5) 218 (24.5) 1.86 (1.18-2.93) 
  Missing data 258 (37.2) 59 (39.3) 21 (44.7) 338 (37.9) 1.44 (0.94-2.20) 
Age, years      
  0-14 40 (5.8) 3 (2.0) 6 (12.8) 49 (5.5) 0.37 (0.11-1.22) 
  15-34 377 (54.3) 77 (51.3) 19 (40.4) 473 (53.1) 1 
  35-54  193 (27.8) 38 (25.3) 10 (21.3) 241 (27.0) 0.96 (0.63-1.48) 
  ≥55 84 (12.1) 32 (21.3) 12 (25.5) 128 (14.4) 1.87 (1.16-3.00) 
HIV status      
  Positive 34 (4.9) 6 (4.0) 1 (2.1) 41 (4.6) 0.78 (0.32-1.90) 
  Negative 74 (10.7) 12 (8.0) 7 (14.9) 93 (10.4) 0.72 (0.38-1.36) 
  Unknown 586 (84.4) 132 (88.0) 39 (83.0) 757 (85.0) 1 
Tuberculosis siteb      
  PTB 390/635 (61.4) 76/136 (55.9) 17/46 (37.0) 483/817 (59.1) 1 
  PTB and EPTB 67/635 (10.6) 13/136 (9.6) 10/46 (21.7) 90/817 (11.0) 1.00 (0.52-1.89) 
  EPTB 178/635 (28.0) 47/136 (34.6) 19/46 (41.3) 244/817 (29.9) 1.36 (0.90-2.03) 
Sex      
  Male 462 (66.6) 92 (61.3) 29 (61.7) 583 (65.4) 0.80 (0.55-1.15) 
  Female 232 (33.4) 58 (38.7) 18 (38.3) 308 (34.6) 1 
Born in the 
Netherlands 

     

  No 414 (59.6) 99 (66.0) 22 (46.8) 535 (60.0) 1 
  Yes 221 (31.8) 37 (24.7) 24 (51.1) 282 (31.6) 0.70 (0.46-1.06) 
  Missing data 59 (8.5) 14 (9.3) 1 (2.1) 74 (8.3) 0.99 (0.53-1.85) 

PTB= pulmonary tuberculosis, EPTB=extrapulmonary tuberculosis a The univariate ORs were calculated for patients 
in clusters with an index patient with smear-negative tuberculosis versus patients in clusters with an index patient 
with smear-positive tuberculosis. Clusters in which the smear status of the index patient was unknown were not 
considered in these analyses.b The tuberculosis site was not known for all patients.  

 
If all unknown smears were assumed to be negative, 171 (19.2%) out of 891 transmission 
events would have been smear-negative. Alternatively, if all unknown smear results were 
assumed to be positive, no extra smear-negative transmission events would have occurred 
(i.e., 106 (11.9%) of the total of 891 transmission events would have been smear-negative) 
(Table 4). 
 
Sensitivity analysis 
After correction for possible reversed-order-of-diagnosis bias, the proportion of smear-
negative transmission events increased from 12.1% to 18.0%. After correction for possible 
no-recent-transmission bias, the proportion of smear-negative transmission events 
decreased from 12.3% to 8.7%. 
 
Relative transmission rate 

The relative transmission rate was calculated using all 7,438 patients from the matched 
database. Of these patients, 3890 (52.3%) had pulmonary TB, 2530 (34.0%) had 
extrapulmonary TB, 791 (10.6%) had pulmonary and extrapulmonary TB; data were missing 
for 227 (3.0%) patients. Overall, 1,614 patients had smear-negative TB, and 2,734 patients  
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Table 3. Characteristics of the clusters.  

 Index patients, by smear status  
 Positive Negative Unknown All  
Characteristic (n=267) (n=92) (n=35) (n=394) OR (95% CI)a 

Cluster size      
  2-4 224 (83.9) 86 (93.5) 35 (100) 345 (87.6) 1 
  5-10 32 (12.0) 6 (6.5) 0 (0) 38 (9.6) 0.49 (0.20-1.20) 
  11-20 6 (2.2) 0 (0) 0 (0) 6 (1.5)  
  21-50 5 (1.9) 0 (0) 0 (0) 5 (1.3)  
Time between diagnosis 
of the first case to 
diagnosis of the second 
case, median days (IQR)b 

216 (69-672) 533 (221-1201) 410 (74-957)   

Beijing genotype      
  Yes 24 (9.0) 4 (4.3) 4 (11.4) 32 (8.1) 0.46 (0.16-1.36) 
  No 243 (91.0) 88 (95.7) 31 (88.6) 362 (91.9) 1 
Haarlem genotype      
  Yes 50 (18.7) 16 (17.4) 6 (17.1) 72 (18.3) 0.91 (0.49-1.70) 
  No 217 (81.3) 76 (82.6) 29 (82.9) 322 (81.7) 1 

Data are no. (%) of patients, unless otherwise indicated. IQR=interquartile range. a The ORs were calculated for 
patients in clusters with an index patient with smear-negative tuberculosis versus patients in clusters with an index 
patient with smear-positive tuberculosis, using univerate logistic regression. Clusters in which the smear status of 
the index patient was unknown were not considered in these analyses.b P <0.01 

 

Table 4. Transmission events, by smear status of the index patient. 

 No. of secondary cases, by smear status of 
the Index patient 

Variable Positive Negative Unknown All 
Total 694 150 47 891 
Clusters with an index patient with smear-positive or smear-
negative TB only 

    

  Secondary case attributable to smear-positive transmission 694 44 0 738 
  Secondary case attributable to smear-negative transmission 0 106 0 106 
  All 694 150 0 844 
If all patients with unknown smear results were considered to 
have smear-positive TB 

    

  Secondary case attributable to smear-positive transmission 694 44 47 738 
  Secondary case attributable to smear-negative transmission 0 106 0 106 
  All 694 150 47 891 
If all patients with unknown smear results were considered to 
have smear-negative TB 

    

  Secondary case attributable to smear-positive transmission 694 21 5 720 
  Secondary case attributable to smear-negative transmission 0 129 42 171 
  All 694 150 47 891 

The total number of index patients was 394; 267 had positive smear status, 92 had negative smear status, and 35 
had unknown smear status. The total number of patients was 1285; 961 had positive smear status, 242 had negative 
smear status, and 82 had unknown smear status. The proportion of smear-negative transmission events was 
calculated by dividing the number of smear-negative transmission events by the total number of transmission events, 
using the 3 different scenarios shown. The proportion of smear-negative transmission events was 12.6% (106 of 844 
secondary cases attributable to smear-negative transmission), the proportion of smear-negative transmission events 
was 11.9% (106 of 891), and the proportion of smear-negative transmission events was 19.2% (171 of 891). 

 
had smear-positive TB. Dividing the 106 smear-negative transmission events that occurred 
in the 1,614 patients with smear-negative TB by the 739 smear-positive transmission 
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events that occurred in the 2,734 patients with smear-positive TB resulted in a relative 
transmission rate of 0.24 (95% CI 0.20–0.30). This means that patients with smear-negative 
pulmonary TB were only 0.24 times as likely to spread TB as patients with smear-positive 

pulmonary TB.  
 
Epidemiological linkage  
From 1996 through 2004, the TB services of the MHSs identified 517 source patients during 
investigation of contacts among clustered patients with TB. Four hundred seventeen of 
these patients matched with our final database. A source patient was defined as a definite 

source of a case in another patient if the two patients knew each other by name and as a 
probable source if they did not know each other by name but had been in the same 
location. Twenty (5.4%) of the 369 definite sources and 6 (12.5%) of the 48 probable 
sources had smear-negative TB. Overall, 26 (6.3%) of the 417 sources had smear-negative 
TB. 
 
 

Discussion 
Our study revealed that 12.6% of the TB transmission in The Netherlands is caused by 
patients with smear-negative pulmonary TB. In clusters with an index patient with smear-
negative status, almost 71% of the secondary cases were attributable to smear-negative 
transmission.  

The conclusions of this study provide strong evidence that TB can be transmitted 
from patients with smear-negative status, confirming and expanding previous observations 
from smaller, urban studies (3, 4). In this respect, three independent studies in different 
settings converge on the conclusion that patients with smear-negative TB lead to 
approximately one-quarter as many cases of TB as do patients with smear-positive TB and 
are responsible for 10-20% of transmission. We consider this result to be important for 
both developed and developing countries.  

An intriguing finding is that, compared with index patients with smear-positive TB, 
index patients with smear-negative TB were associated with a disproportionate number of 
secondary cases with smear-negative TB (Table 2). The reasons for this are not clear, 

although one possible explanation could be coinfection with HIV, because HIV is 
accompanied by high rates of smear-negative TB (17). Unfortunately, because HIV status 
was unknown for the vast majority of the patients in our cohort, we could not analyze this 
possible explanation. Furthermore, bacteriological factors may have caused some clusters 
to have more patients with smear-negative TB than other clusters. In particular, we 
expected the Beijing strain to be more common in clusters with an index patient with 

smear-positive TB, because the Beijing genotype is associated with high virulence, relapse 
and treatment failure (18). The Beijing genotype was observed in 9.0% of the clusters with 
an index patient with smear-positive TB, compared with 4.3% of the clusters with an index 
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patient with smear-negative TB, but this difference was not statistically significant (OR 
0.46; 95% CI 0.16 – 1.36). The small number of clusters with a patient who was positive for 
the Beijing strain (32 of the 394 clusters) in our database imposed an unfortunate 

limitation on our analysis. 
Secondary cases associated with an index patient with smear-negative TB were older than 
secondary cases associated with an index patient with smear-positive TB. It is possible 
that the pathogenesis of TB in older people may differ from that in young people. More 
index patients with smear-negative TB than index patients with smear-positive TB were 
born outside The Netherlands. Perhaps a more extended time between infection and 

disease manifestation plays a role in this. This finding may also be related to the fact that 
more patients with TB who are born abroad more frequently have smear-negative TB, 
compared with patients with TB who are born in The Netherlands.  
Hernandez-Garduno et al either included or excluded all patients with only 
extrapulmonary TB in their analyses (4). Patients with extrapulmonary TB most likely do 
not transmit TB unless the pulmonary site is unnoticed. Therefore, we excluded only the 
index patients with extrapulmonary TB only and not the secondary cases with 
extrapulmonary TB.  

When using the epidemiological linkage data, only 6.3% of patients with TB had TB 
caused by transmission from a patient with smear-negative TB; the results of our 
molecular analysis indicate that 12.6% of patients with TB contracted TB from a patient 
with smear-negative TB. This difference is likely to be attributable to epidemiological 
links failing to reveal all contacts (i.e., unknown casual contacts).  

The relative transmissibility of TB from patients with smear-negative TB was 0.24 
(95% CI 0.20–0.30), which confirms the relative transmission rate of 0.22 (95% CI 0.16-0.32) 
that was found in Behr et al (3). This rate has implications for countries with a low 

incidence of TB, especially those countries where the patient’s smear status determines 
the isolation measures and the extent of contact investigation. In The Netherlands, 
contact tracing is performed for all patients with TB, except for patients with 
extrapulmonary TB for whom transmission can be practically excluded (e.g. vertebral TB). 
In The Netherlands, contact tracing is performed for both patients with smear-negative TB 
and patients with smear-positive TB; however, this is not the case in many other countries 

with a low incidence of TB.  
Our study revealed that this contact-tracing policy is justified. Not only do the 

workers at a TB service search for patients with TB (i.e., contact tracing), they also 
search for the possible source patient. Contact tracing starts in the so-called first ring, 
which includes the closest contacts to the patient with TB, and is then expanded to the 

next ring, according to the yield of the ring (19). The infectiousness of patients with 
smear-negative TB is especially important in light of multidrug-resistant and extremely 
drug-resistant TB; therefore, it is highly advisable to perform contact tracing for all 
patients with these forms of drug-resistant TB, irrespective of their smear status.  
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Our study was based on several assumptions. The first assumption was that the first 
patient in a cluster is the index case of that cluster. This may not always be true. For 
example, the real source patient of that cluster could have received a diagnosis before 

the start of the study period. To increase the chance that only new clusters were included, 
we excluded all clusters in which there were patients from the period 1993-1995. 
Furthermore, patients with an identical DNA fingerprint may not have necessarily infected 
each other. Some strains are common among specific ethnic groups in The Netherlands, 
and these may be circulating strains in some patients’ countries of origin. Therefore, 
there could have been more clusters of patients with identical DNA fingerprints that were 

not the result of transmission between the patients in the cluster. Because this might have 
occurred to the same extent in clusters with either index patients with smear-positive TB 
or index patients with smear-negative TB, we assume that this would have only a limited 
effect on our data. Sensitivity analyses revealed that both reversed-order-of-diagnosis bias 
and no-recent-transmission bias may have occurred in our study to a limited extent; thus, 
the outcome could be slightly overestimated or underestimated. 

About 68% of all patients with TB in The Netherlands have culture-confirmed TB; DNA 
fingerprinting can be performed only for those patients. Comparison of the two databases 
resulted in a match for 7,438 (81.4%) of the 9.139 patients with culture positive TB. This 
was concordant with a similar matching procedure performed with use of these same 
databases, by which no differences in sex, age and nationality were found between 
patients with culture-confirmed TB who matched and patients with culture-confirmed TB 
who did not match (14). Nonmatches were probably largely attributable to registration 
errors and, to a lesser extent, to patients not being registered in one of the two databases. 

In The Netherlands, ~80% of the laboratories use fluorescence microscopy (FM). FM is 
more sensitive than conventional microscopy and will therefore detect more cases of 

smear-positive TB (20). It is possible that, among the 20% of patients in our study cohort 
who had their cases diagnosed with use of conventional microscopy, fewer patients would 
have been determined to have smear-negative TB if their cases were diagnosed with use 
of FM. Because the microscopy technique used for diagnosis is not registered in the NTR, 
we could not determine whether this affected the percentage of transmission by patients 
with smear-negative TB. 

In countries with a high incidence of TB, microscopic examination of sputum smear 
samples is often the only available diagnostic test for TB. As a result, patients with smear-
negative TB do not receive a diagnosis in a timely manner; thus, disease may further 
development, initiation of treatment may be delayed, and further TB transmission may 
occur (21). Although it is not known if HIV-TB-coinfected patients for whom the result of 

sputum smear is negative are as infectious as we found in our study (17), our confirmatory 
finding that patients with smear-negative TB can transmit TB has implication for countries 
where HIV infection is endemic. HIV infection and AID are accompanied by high rates of 
smear-negative TB. For example, 25%-61% of the HIV-infected patients with TB in sub-
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Saharan Africa have smear-negative pulmonary TB (22). More emphasis should be placed 
on the development of better TB diagnosis and the improvement of culture facilities in 
countries with a high incidence of TB (23). 

 
In conclusion, our study suggests that 12.6% of the TB transmission in The Netherlands is 
caused by patients with smear-negative pulmonary TB. Although sputum smear analysis 
reveals most of the patients with infectious TB, patients with sputum smear-negative TB 
should not be considered noninfectious. Therefore, we recommend that, in countries with 
a low TB burden and sufficient public health resources, contact investigation should be 

expanded to include patients with smear-negative TB, in addition to patients with smear-
positive TB.  
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Summary  
Background 
Foreign-born individuals account for two-thirds of all tuberculosis (TB) patients in The 
Netherlands. Travel to endemic countries might contribute to the high TB incidence in 

immigrants after migration. The objective of this study was to determine if traveling to 
the country of origin was a risk factor for TB among the two largest non-western 
immigrant groups who have lived in The Netherlands for at least two years.  
Methods 
We conducted an unmatched case-control study. Adult TB patients born in Morocco and 

Turkey were interviewed about their travel history. The frequency and duration of travel 
to the country of origin in the preceding 12 months were compared between Moroccan and 
Turkish TB patients and community controls.  
Results 
Moroccan patients had traveled more often (26/32=81%) in the preceding 12 months than 
Moroccan controls (472/816=58%). 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 with those living in 
a rural area (OR=1.7, 95% CI; 0.4-6.8) in The Netherlands, although this was not 
statistically significant. When the cumulative duration of stay exceeded three months, the 
risk of TB was increased (OR=17.2, 95% CI; 3.7-79). Among Turkish immigrants TB was not 
associated with traveling (OR=0.9, 95% CI; 0.3-2.4).  
Conclusion 
Travel to the country of origin was a risk factor for TB among Moroccan, but not Turkish 
people living in The Netherlands. Difference in travel-associated risk between these two 
immigrant groups is probably related to differences in TB incidence in the country visited. 
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Introduction 
In industrialized countries, the incidence of tuberculosis (TB) is higher among immigrants 
than among the indigenous population (1). As in the US (2), and Canada (3) the percentage 
of TB patients notified in foreign-born persons exceeded 50% in various European countries 

including The Netherlands (4). Several studies have demonstrated high incidence rates of 
TB among immigrants who migrated to low incidence countries during the first years post-
migration (2, 5-7). After a decline in incidence during the first years after migration, 
incidence rates remained much higher than among the indigenous population for many 
years after entry (1, 2, 5-7). 

The risk of progression to TB disease is highest within the first 2 years after infection 
(8, 9). Therefore, it is likely that a proportion of immigrants with TB is (re)infected with 
TB during the time they have lived in The Netherlands (6). One of the hypotheses is that 
immigrants acquire new infections during visits to their country of origin or other TB 
endemic countries.  

Traveling to countries where TB is endemic is a known risk factor for M. tuberculosis 

infection (10-15). Individuals born in a low incidence country who traveled at least 3 
months continuously to an high TB incidence country, have a similar risk of M. 
tuberculosis infection as the general population in the endemic country (11). It is unclear 
what the risk of infection is for immigrants who travel to their country of origin, although 
it is likely that they have a higher risk than regular tourists, since they usually stay longer 
and visit more remote areas, their family and local homes (10, 13, 16, 17).  

In this study we aimed to determine to what extent travel to TB endemic countries 
contributed to TB incidence among immigrants from Morocco and Turkey living in The 
Netherlands. We studied immigrants from Morocco and Turkey, since they are the largest 
non-western immigrant groups and account for approximately 13% and 6% respectively of 
the total annual burden of foreign-born TB patients in The Netherlands (18).  
 
 

Methods  
This case-control study was conducted in The Netherlands. In 2006 almost two thirds 
(644/1021) of the TB patients in The Netherlands were foreign-born and their TB 
incidence (incidence in 2006=40.4/100,000 population), was much higher than that of the 
indigenous Dutch population (incidence in 2006=1.9/100,000 population) (18). 
 
Patients 
TB patients were recruited at 17 municipal health services (MHSs) throughout the country. 
The diagnosis of TB disease was based on chest-X-ray, symptoms, smear and/or culture 

results. Eligible were patients who were born in Morocco or Turkey, 18 years or older and 
diagnosed with TB in the last 6 months of 2006 or in 2007. An attempt was made to 
interview all eligible patients. To limit the possibility of recent infections acquired before 
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migration, our study population was restricted to patients who had lived in The 
Netherlands for at least two years. We excluded patients who were illegal and those with 
an impaired immunity.   

 
Questionnaire 
Information on travel behavior was obtained by means of a short questionnaire which was 
administered by staff of the TB control department of the MHSs. Questions concerned the 
countries visited in the three years preceding their tuberculosis diagnosis, and the 
cumulative duration and purpose of traveling. Questions were formulated the same way as 

was done in the different control groups. Moreover, patients were asked whether they 
visited their country of origin on an annual basis. Patients were interviewed while they 
were on treatment, or if they had finished treatment not longer than six months before to 
limit recall bias. Clinical and demographic data of patients were obtained from the 
Netherlands Tuberculosis Register (NTR) that contains details of all TB patients notified in 
The Netherlands. Since the questionnaire did not involve any intrusive questions, 
according to the Central Committee on Research Involving Human Subjects (CCMO) no 
ethical approval was needed for this study. To assess the representativeness of our study 
population, we compared the interviewed patients with all Moroccan and Turkish TB 
patients, diagnosed in 2007 and registered in the NTR, who met our inclusion criteria.  
 
Primary control group 
Controls were obtained from the Survey on Integration of Minorities 2006 (SIM) performed 
by the Netherlands Institute for Social Research (SCP) (19). For this survey, a random 
sample of municipalities was selected and subsequently, a random sample of Turkish, 
Moroccan, Surinam, Antillean and indigenous inhabitants aged 15 years or older was drawn. 

Participants were interviewed at home by use of a structured questionnaire. The 
interviewers tried at least three times to reach the selected persons. The questionnaire 
included questions regarding visits to the country of origin during the preceding year and 
were phrased exactly the same as for the patients. For the current study, participants 
were selected who were born in Morocco or Turkey, at least 18 years old and had lived in 
The Netherlands for at least two years.  

 
Secondary control groups 
To verify the travel-associated risk for TB among Moroccans, we compared the travel 
history of Moroccan patients with two other control groups in which other travel questions 
were asked. Moroccan patients living in the city of Utrecht were compared with Moroccan 

controls living in Utrecht who met our inclusion criteria. These controls were obtained 
from the Utrecht Health Monitor of 2003, a health survey among inhabitants of Utrecht 
that among other assessed travel history to countries outside Europe in the past three 
years. Similar to the city of Utrecht, the city of Amsterdam had performed a Health 
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Monitor survey in 2004, in which participants were also asked about journeys to countries 
outside Europe, but only during the preceding year. Moroccan patients, living in 
Amsterdam were compared with Moroccan controls from this survey. Due to insufficient 

number of Turkish patients diagnosed in Utrecht and Amsterdam, verification of the 
travel-associated risk for Turkish immigrants in these control groups was not possible. 
 
Statistical analysis 
Our exposure of interest was traveling to the country of origin in the 12 months before the 
diagnosis of TB (cases) or the date of the interview (controls). All analyses were 

performed separately for Moroccan and Turkish immigrants, since the TB incidence rate as 
estimated by the World Health Organization differs for Morocco (93/100,000) and Turkey 
(29/100,000) (20). The crude travel-related odds ratio (OR) was estimated by univariate 
logistic regression analysis. We assessed the possibility of confounding and interaction by 
stratification. We considered confounding to be present, when upon adjustment the crude 
OR changed with ≥10%. The following determinants were considered: gender, age 
(classified in age groups), country of origin and place of residence in The Netherlands 
(classified as urban for the cities with >250.000 inhabitants, and rural for all other 
municipalities). To estimate the percentage of Moroccan or Turkish TB patients in The 
Netherlands attributable to recent travel, the population attributable fraction was 
calculated by the following formula: (OR-1)/OR * proportion of exposed patients (21). For 
comparisons of categorical and numerical variables, the Chi-square test was used. A two-
sided P value of 0.05 was considered statistically significant. Data were entered in EpiData, 
version 3.1 (Odense, Denmark). Analyses were performed by use of SPSS, version 16.0 
(Chicago, IL, USA). 
 

 

Results 
Patients  
During the study period 32 Moroccan and 16 Turkish TB patients met the inclusion criteria, 
were identified and interviewed. We verified whether the interviewed patients were 
representative for all nationally reported tuberculosis patients from these countries in 

2007 (Table 1). The national reported TB patients from Morocco and Turkey and the 
interviewed patients did not differ with respect to their age, sex, residence place, type of 
TB, previous TB episode or case finding method (Table 1). Extrapulmonary TB was slightly 
more common among the Moroccan TB patients of our study population. Travel 
characteristics of the TB patients from Morocco and Turkey are shown in Table 2. Most 
patients (46/48=96%) had traveled to countries outside Europe in the 36 months before 

their diagnosis. Moroccan patients tended to travel more frequently than Turkish patients; 
81% of the Moroccan patients had traveled in the preceding 12 months, and 53% of them 
reported to travel every year to their country of origin, compared with 69% and 25%,  
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Table 1. Comparison of characteristics between interviewed tuberculosis patients from Morocco and 

Turkey and all tuberculosis patients from Morocco and Turkey diagnosed in The Netherlands in 2007. 

Characteristics Interviewed TB 
patients 

Immigrant TB patients 
in 2007a

 

P valueb
 

 No. % No. %  
Moroccan individuals, total  32 100 65 100  
Sex      
  Male 17 53 35 54 0.95 
  Female 15 47 30 46  
Age group      
  18-34 12 38 19 29 0.30 
  35-54 14 44 24 37  
  55+ 6 19 22 34  
Current residencec

      
  Urban area 22 69 43 66 0.80 
  Rural area 10 31 22 34  
Type of TB      
  Pulmonary  10 31 31 48 0.27 
  Extra pulmonary 17 53 28 43  
  Pulmonary + Extra pulmonary 5 16 6 9  
Previous TB diagnosis      
  No 26 81 57 88 0.56 
  Yes 2 6 4 6  
  Unknown  4 13 4 6  
Case detection      
  Complaints  29 91 54 83 0.46 
  Contact tracing 2 6 3 5  
  Screening risk group 0 - 4 6  
  Other 1 3 4 6  
Turkish individuals, total  16 100 35 100  
Sex      
  Male 12 75 24 69 0.64 
  Female 4 25 11 31  
Age group      
  18-34 1 6 4 11 0.74 
  35-54 9 56 21 60  
  55+ 6 38 10 29  
Current residence†      
  Urban area 6 38 13 37 0.98 
  Rural area 10 63 22 63  
Type of TB      
  Pulmonary  6 38 11 31 0.90 
  Extra pulmonary 7 44 16 46  
  Pulmonary + Extra pulmonary 3 19 8 23  
Previous TB diagnosis      
  No 14 88 31 89 0.82 
  Yes 1 6 1 3  
  Unknown  1 6 3 9  
Case detection      
  Complaints  16 100 34 97 0.50 
  Contact tracing 0 - 1 3  

a Interviewed patients who are diagnosed in 2007 were included in this group, but not those diagnosed in 2006.  

b Urban was defined as a city with at least 250.000 inhabitants. c P value is based on the chi-square test 

 
respectively, of the Turkish patients. The cumulative median travel duration in the 
preceding 3 years was 13 weeks (IQR; 7.3-19.5) for Moroccan patients, and 10 weeks (IQR; 

6.0-25.0) for Turkish patients. 
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Table 2. Travel characteristics of tuberculosis patients from Morocco and Turkey in The Netherlands 

in the 3 years preceding their TB diagnosis. 

 Moroccan Turkish 
Total 32 16 
   
Questions as in SIM survey   
Country of origin visited in the preceding 12 months, No. (%)   
  Yes 26 (81) 9 (56) 
Duration of stay when visiting the country of origin, No. (%)   
  < 1 month 8 (31) 2 (22) 
  1-3 months 15 (58) 5 (56) 
  >3 months 3 (12) 2 (22) 
Visit country of origin yearly, No. (%)   
  Yes, every year 17 (53) 4 (25) 
  Yes, sometimes 12 (38) 10 (63) 
  No, never  2 (6) 2 (13) 
  Missing 1 (3) 0  
   
Question as in Health Monitor    
Traveled outside Europe, No. (%)   
  In the last 12 monthsa 26 (81) 11 (69) 
  In the last 36 monthsb 31 (97)  15 (94) 
   
Additional travel information    
Regions visited in the last 3 years,c No. (%)   
  Africa 31 (97) 1 (6) 
  Asiad 0 15 (94) 
  Europe 2 (6) 5 (31) 
  South, Middle and North America 0 0 
Duration of travel   
  Total number of weeks in last 12 months, median (IQR) 5.0 (4.0-8.0) 6.0 (5.0-11.0) 
  Total number of weeks in last 36 months, median (IQR) 13.0 (7.3-19.5) 10.0 (6.0-25.0) 
Purpose of travel in last 3 years,c No. (%)   
  Visiting family / friends 29 (94) 13 (67) 
  Holiday 4 (13) 0 
  Work / business  1 (3) 1 (7) 

IQR=inter quarter range. a Comparable to the Health Monitor Amsterdam. b Comparable to the Health Monitor 
Utrecht. c More than 1 answer possible, percentages represent the proportion among individuals who had traveled in 
the last 3 years. d Turkey was classified under Asia. 

 
Comparison patients and primary control group 
Characteristics of TB patients from Morocco and Turkey were compared with the controls 
from Morocco and Turkey in the SIM survey (Table 3). Moroccan patients did not differ 
from Moroccan controls with respect to sex, age and duration of stay in The Netherlands, 
but patients lived more often in an urban area than controls. The travel-associated risk for 
TB among Moroccans was 3.2 (95% CI; 1.3-7.7). This risk strongly increased with increasing 
cumulative duration of travel. While the risk for TB did not differ much between a 
cumulative duration of less than 1 month (OR= 2.6, 95% CI; 0.9-7.7) or 1-3 months (OR=3.0, 
95% CI; 1.1-7.8), the risk increased substantially when the duration exceeded 3 months 
(OR=17.2, 95% CI; 3.7-78.6). Turkish patients tended to be more often male and older 
than Turkish controls, but they did not differ with respect to their duration of stay in The 
Netherlands and their place of residence. Among Turkish immigrants, travel to their  
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country of origin did not pose a risk for TB (OR=0.9, 95% CI; 0.3-2.4). When the cumulative 
duration of travel in the preceding year exceeded three months, the risk of TB tended to 
be increased in Turkish persons as well (OR=4.0 95% CI; 0.8-20.3), although this did not 

reach statistical significance. Neither travel in the preceding year, nor the duration of 
travel were associated with sex or place of residence in The Netherlands and did not 
affect the crude travel-associated risk in both immigrant groups, thus we did not adjust 
for them. The proportion of Moroccans and Turkish who traveled increased with increasing 
age, and individuals above 55 years tended to travel longer than those who were younger. 
However, adjustment for age did also not affect the crude travel-associated risk. The 

travel-associated risk of TB tended to be higher for Moroccan and Turkish individuals living 
in an urban area (Moroccans: OR adjusted for age (ORa)=4.5, 95% CI; 1.3-15.6; Turkish 
individuals: ORa=1.4, 95%CI; 0.3-7.8) than for those living in a rural area (Moroccans: 
ORa=1.7, 95% CI; 0.4-6.8; Turkish individuals: ORa=0.7, 95% CI; 0.2-2.4), although the 
interaction was not statistically significant (Moroccans: p=0.31, Turkish: p=0.49) (Table 4).  
 

Table 3. Comparison of tuberculosis patients from Morocco and Turkey with controls from Morocco 

and Turkey from the SIM survey.  

Characteristic Patients Controls OR (95% CI) 
 No. % No. %  
Moroccans, total 32 100 816 100  
Sex      
  Male 17 53 401 49 1 
  Female 15 47 415 51 0.9 (0.4-1.7) 
Age group      
  18-34 12 38 267 33 1 
  35-54 14 44 402 49 0.8 (0.4-1.7) 
  55+ 6 19 147 18 0.9 (0.3-2.5) 
Time since arrival (years)      
  2-5 years 2 6 60 7 1 
  6-10 years 3 9 69 9 1.3 (0.2-8.1) 
  11-20 years 11 34 263 32 1.3 (0.2-5.8) 
  21+ years 16 50 423 52 1.1 (0.3-5.1) 
  Missing  0 0 1 0.1  
Current residencea      
  Urban area 22 69 403 49 2.3 (1.1-4.8) 
  Rural area 10 31 413 51 1 
Traveled to country of origin in preceding 12 months       
  Yes 26 81 472 58 3.2 (1.3-7.7) 
  No 6 19 343 42 1 
  Unknown 0 0 1 0.1  
Cumulative duration of stay in country of origin during 
preceding 12 months   

     

 Not traveled 6 19 343 42 1 
  <1 month  8 25 173 21 2.6 (0.9-7.7) 
  1-3 months 15 47 289 36 3.0 (1.1-7.8) 
  > 3 months 3 9 10 1 17.2 (3.7-78.6) 
  Unknown   1 0.1  
Visit country of origin yearly, N (%)      
  Yes, every year 17 53 241 30 2.8 (0.6-12.5) 
  Yes, sometimes  12 38 481 59 1.0 (0.2-4.5) 
  No, never  2 6 80 10 1 
  Unknown 1 3 14 2  
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Table 3. continued  

Characteristic Patients Controls OR (95% CI) 
 No. % No. %  
Turkish individuals, total 16 100 825 100  
Sex      
  Male 12 75 416 50 1 
  Female 4 25 409 50 0.3 (0.1-1.1) 
Age group      
  18-34 1 6 247 30 1 
  35-54 9 56 434 53 5.1 (0.7-40.7) 
  55+ 6 38 144 18 10.3 (1.2-86.3) 
Time since arrival (years)      
  2-5 years 0 0 51 6 0 
  6-10 years 2 13 79 10 1.1 (0.2-5.3) 
  11-20 years 4 25 247 30 0.7 (0.2-2.3) 
  21+ years 10 63 448 54 1 
Current residence†      
  Urban area 6 38 318 39 1.0 (0.3-2.7) 
  Rural area 10 63 507 62 1 
Traveled to country of origin in preceding 12 months       
  Yes 9 56 488 59 0.9 (0.3-2.4) 
  No 7 44 335 41 1 
  Unknown 0 0 2 0.2  
Cumulative duration of stay in country of origin during 
preceding 12 months   

     

  Not traveled 7 44 335 41 1 
  <1 month  2 13 195 23 0.5 (0.1-2.4) 
  1-3 months 5 31 269 33 0.9 (0.3-2.8) 
  > 3 months 2 13 24 3 4.0 (0.8-20.3) 
  Unknown 0 0 2 0.2  
Yearly visit to country of origin, N (%)      
  Yes, every year 4 25 231 28 0.6 (0.1-3.1) 
  Yes, sometimes  10 63 513 62 0.6 (0.1-2.9) 
  No, never  2 13 63 8 1 
  Unknown 0 0 18 2  

a Urban was defined as a city with at least 250.000 inhabitants  

 

Comparison patients and secondary control group 
When we compared Moroccan patients from Utrecht (n=13) with Moroccan controls form 
the Utrecht Health Monitor (n=113), the risk for TB associated with travel in the preceding 
three years to a country outside Europe was 4.5 (95% CI; 0.6-38.0). Comparing the 
Moroccan TB patients from Amsterdam (n=7), with Moroccan controls from the Health 
Monitor of Amsterdam (n=329) we found that all Moroccan patients (100%) had traveled in 
the preceding year to such a country, compared to 69% of the controls (OR=∞). Since there 
were not enough Turkish patients interviewed who lived in Utrecht or Amsterdam (n=2 and 
n=1 respectively), we were not able to verify the risk estimate found in our main analysis 
using these two other control groups.  
 
Population attributable fraction 
In 2007, nationally 65 of the registered TB patients were born in Morocco and had lived in 
The Netherlands for at least two years. Of them 43 lived in an urban area and 22 in a rural 
area. Based on our results, the population attributable fraction (PAF) for recent travel to 
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the country of origin, was 67% ((4.5-1/4.5)*0.86) for Moroccans living in an urban and 29% 
((1.7-1/1.7)*0.70) for Moroccans living in rural areas. When applying these PAFs on the 
national data of 2007, 35 (54%) Moroccans diagnosed with TB could be attributed to a 

history of traveling.  
 

Table 4. Stratified risk of traveling on tuberculosis for Moroccan and Turkish immigrants. 

 Traveled to country of origin in  
preceding year 

OR (95% CI) 

 Yes, No.  % No, No.  %  
      
Unstratified analysis      
Moroccan immigrants      
Patients 26 81.3 6 18.8 3.2 (1.3-7.7) 
Controls 472 57.8 343 42.0 1 
Turkish immigrants       
Patients  9 56.3 7 43.8 0.9 (0.3-2.4) 
Controls 488 59.2 335 40.6 1 
      
Stratified by current place of residence      
Moroccan immigrants      
Urban area†      
Patients 19 86.4 3 13.6 4.5 (1.3-15.6) 
Controls 235 58.3 168 41.7 1 
Rural area      
Patients  7 70.0 3 30.0 1.7 (0.4-6.8) 
Controls 237 57.4 175 42.4 1 
Turkish immigrants       
Urban area†      
Patients  4 66.7 2 33.3 1.4 (0.3-7.8) 
Controls 186 58.5 131 41.2 1 
Rural area      
Patients 5 50.0 5 50.0 0.7 (0.2-2.4) 
Controls  302 59.6 204 40.2 1 

† Urban was defined as a city with at least 250.000 inhabitants  

 
 

Discussion 
This study showed that traveling to the country of origin was an important risk factor for 
TB among Moroccan immigrants who had lived in The Netherlands for at least two years. 
Travel to the country of origin was associated with a 4.5-fold increased risk for TB among 
Moroccans living in urban area in The Netherlands, and with a 1.7-fold increased risk on 
TB for those living in a rural area. Of the Moroccan TB patients, 54% of them could be 
attributed to recent travel to Morocco. Similar to our primary analysis we found increased 
travel-associated risk estimations among Moroccans by use of two other control groups, 
although questions were asked differently and one of them included journeys in the 
preceding three years. As might be expected, there was a clear dose-response relation 
between the duration of travel and the risk of TB among Moroccan immigrants. Among 
Turkish immigrants travel was not related with an increased risk on TB.  
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The risk associated with traveling depends on three aspects; 1) the incidence rate in the 
area visited, 2) the duration of stay and 3) the individual risk behavior and preventive 
measures taken (22). The estimated incidence rate of TB is higher in Morocco than in 

Turkey (20). Moreover Moroccan TB patients reported more frequently to have visited 
family and friends in their country of origin and usually traveled every year, resulting in a 
higher cumulative exposure in the previous years than in Turkish individuals. Both factors 
may explain the different risk estimates we found for Moroccan and Turkish immigrants. 
Moreover, the study had limited power to detect a moderately increased risk, if any, 
among Turkish immigrants, since a relatively small number of Turkish patients was 

included. Explanations for the differences in the travel-associated risk of TB among urban 
habitants and those living in a rural area, may be the result of unmeasured differences in 
the socio-economic status, region of origin (i.e., region visited) or differences in risk 
behavior.  

So far a limited number of studies assessed and quantified the risk of travel for TB. A 
previous case-control study found that there was a weak association between TB disease 
and a visit to the Indian subcontinent among the Indian subcontinent ethnic population 
living in North West England (OR=1.26, 95% CI; 0.95-1.76) (17). The magnitude of the 
travel-associated risk on TB or TB infection differed between populations studied (11, 12, 
14, 15, 17), probably as a result of differences in the duration of stay and risk of infection 
in the places visited. One study showed that the risk of infection among long-term 
travellers was similar to that of the local population in the country visited (11). TB has 
been shown to be significantly more common among immigrant travellers than among 
other travellers (10, 13). Causes contributing to the increased travel-associated risk of TB 
in immigrants may be that they go to more rural destinations, stay away for long periods 
and spend increased time in crowded living conditions (13, 23, 24).  

The results of this study support the current policy of prevention of TB in travellers 
to endemic countries in The Netherlands. BCG vaccination is offered to travellers to 
endemic areas for longer than three months, when frequent contact with the local 
population can be expected. For trips of shorter duration a tuberculin skin test (TST) eight 
weeks after return and preventive treatment is advocated for non-BCG vaccinated 
individuals. However, this policy has not been promoted actively for immigrants traveling 

to their home country since most of them are BCG-vaccinated and moreover may have a 
positive TST due to previous exposure. The use of more specific interferon-gamma release 
assays for detecting TB infection may create the opportunity to reconsider immigrants 
with a high risk of TB infection, e.g. due to travel, as a target group for TB prevention.  
 

Limitations 
Selection bias of patients may have occurred in our study. Although we did not have 
information about the numbers and reasons for non-participation in our study, we believe 
selection of the patients was limited since our study population was comparable to all 
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national reported TB patients from Morocco and Turkey. Controls who traveled at the time 
of the interview may have been undersampled resulting in an increased risk estimation. 
Nevertheless, the inclusion of participants in the SIM-survey covered a whole year and 

controls were approached at least three times. The travel history of controls was 
ascertained one year before we started questioning the TB patients, and by different 
interviewers. Both patients and primary controls were sampled over about one year time; 
from a dynamic population (25). We consider that the distribution of exposure to be stable 
in the population and differences in timing may have had little affect on our results (25). 
The number of interviewed TB patients from Morocco and Turkey was limited. Since the 

travel associated risk of TB was very high among Moroccans we were able to demonstrate 
a significant risk in this group, but not for the much smaller number of Turkish patients. 
Larger studies including more patients per country of origin are recommended to 
determine to what extent traveling to these different countries poses a risk for TB.  
 
In conclusion, our data suggest that travel to the country of origin is an important risk 
factor for TB among immigrants living in low incidence countries. We showed that 54% of 
Moroccans TB patients who had lived at least 2 years in The Netherlands were attributable 
to a recent visit to the country of origin. Differences in the travel associated risk may 
exist between different immigrant groups, depending on the frequency and duration of 
travel and TB incidence in the country of origin. This study shows that there should be 
more attention for prevention of TB disease for immigrant travellers who travel to their 
country of origin.  
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Summary 
Objective  
To assess the association between remote exposure to tuberculosis (TB) and results of the 
tuberculin skin test (TST), and two interferon-gamma release assays (IGRA), QuantiFERON-

TB Gold In-Tube (QFT-GIT) and T-SPOT.TB, in immigrant contacts of sputum smear-
positive TB patients.  
Methods  
Immigrants aged ≥16 years who were a close contact of a smear-positive TB patient were 
included. QFT-GIT and T-SPOT.TB were performed if TST induration was ≥5 mm. 

Associations between test results and origin from an endemic country were assessed.  
Results  
Out of 433 close contacts, 322 (74%) had TST ≥5 mm and of these, 282 (88%) had valid test 
results of all assays. Positive QFT-GIT results were obtained for 152/282 (54%) and positive 
T-SPOT.TB for 168/282 (60%). After adjustment for age, gender and recent contact, 
positive IGRA results and TST results ≥10 mm were more frequent among immigrants who 

originated from Africa, in particular sub-Saharan Africa.  
Conclusion  
When IGRA are used to determine latent TB infection among foreign-born individuals, 
positive findings not only relate to recent TB infection, but also reflect prior TB exposure 
in the country of origin. This late reactivity will limit their usefulness in contact 
investigations among immigrants originating from endemic areas. 
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Introduction 
The incidence of tuberculosis (TB) in low-endemic areas, like Europe, declined over the 
past decades (1-3). Yet, TB rates among foreign-born individuals living in these areas 
remain high and account for more than 50% of new TB cases (1-3). Possible explanations 

include limited testing and treatment of latent tuberculosis infection (LTBI) since the 
tuberculin skin test (TST) is not routinely used in this subpopulation. Until recently, 
routine practice in The Netherlands among foreign-born contacts consisted of screening 
for active TB by chest radiography only.  

One of the limitations of the TST is that it cannot distinguish recent from remote 

infections. In the latter, the benefit of preventive therapy may not outweigh the risk of 
side effects, since the risk of breakdown to disease is low.  

T-SPOT.TB® and QuantiFERON-TB® Gold In-Tube (QFT-GIT), interferon- release 
assays (IGRA), have been developed which measure T-cell responses to the antigens ESAT-
6 and CFP-10 (and TB 7.7 for QFT-GIT as well) that are specific for M. tuberculosis (4, 5). 
These assays offer more specific screening for LTBI in BCG-vaccinated individuals. 

However it is unclear to what extent these assays distinguish recent from remote 
infections (6).  

Due to the lack of a gold standard for the diagnosis of LTBI, surrogate measures have 
been used to evaluate IGRA, such as a gradient of recent exposure (7-16). While some 
individual studies concluded that IGRA better correlate with an exposure gradient (7-18), 
a meta-analysis concluded that the sensitivity of the TST and IGRA was similar for 
individuals with different gradients of exposure (19). So far, most studies assessed only 
the correlation of IGRA with recent exposure, without taking into account the possible 
effect of past infections, and none used both QFT-GIT, T-SPOT.TB and TST in contact 
investigations among immigrants. 

We assessed whether QFT-GIT, T-SPOT.TB and TST responses were influenced by 
remote exposure to TB among immigrants with recent contact with a sputum smear-
positive TB patient.  
 
 

Study population and methods 
Study population  
Between April 2005 and July 2007 immunocompetent close contacts of sputum smear-
positive TB patients aged 16 years who were born in a high TB endemic country and 
visited one of the 15 participating municipal health services (MHSs) were invited to 
participate. Furthermore, we included second generation immigrants if they were BCG-
vaccinated and at least one of their parents was born in a TB endemic country. Close 

contacts were individuals who had frequent (at least 3 times a week) and/or intensive 
contact (contact within a small closed space or physically nearby) with the index patient 
(20). Excluded were individuals with: diabetes mellitus, HIV/AIDS, a mental retardation, 
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those diagnosed with TB during the contact investigation, those given preventive therapy 
as decided by the physician, and those not expected to adhere to the follow-up of this 
study.  

 
TST 
After written informed consent, participants received a chest X-ray and a TST using 2 TU 
RT23 (Statens Serum Institute, Copenhagen, Denmark). If the TST induration, measured 
after 48-72 hours, was ≥5 mm, blood samples were taken. IGRA were performed only for 
contacts with TST indurations ≥5 mm since we included only healthy, immuno-competent 

participants who are unlikely to have false negative TST results. Therefore the risk of LTBI 
among contacts with TST <5 mm was considered negligible. If <5 mm the TST was 
repeated 3 months later and only followed by IGRA testing if ≥5 mm. Known past TST 
responders did not undergo a TST, but blood was drawn during their first visit. 
Participants with TST ≥5 mm were interviewed by MHS staff regarding medical history, 
BCG-vaccination status and known remote exposure to TB patients.  
 
IGRA  
Both IGRA were performed in one laboratory. QFT-GIT was performed following the 
manufacturers instructions (http://www.cellestis.com) (two-tube format). At the start of 
the study the incubation of QFT-GIT tubes was allowed by the manufacturer up until 72 
hours, which was later reduced to 16-24 h. Samples collected on a Friday were incubated 
until the following Monday, all other samples were incubated about 24 hours. QFT-GIT 
results were expressed as positive or negative, using the cut-off value of ≥0.35 IU/ml.  
T-SPOT.TB was performed following the manufacturers instructions 
(http://www.oxfordimmunotec.com). When blood was obtained on Fridays, cells were 

isolated and frozen at minus 152°C until testing. The number of spots was scored visually 
using a magnifying glass by two independent observers. In case of discrepancies, both 
observers reread the wells until agreement was reached. Interpretation of the results was 
according the latest manufacturers instructions. 
 
Ethical approval for this study was obtained from the Netherlands Central Committee on 

Research Involving Human Subjects (CCMO, P04.1214C). 
 
Statistical analysis 
Concordance between the different assays was assessed using κ coefficients. The 
McNemar test was used to determine interassay agreement. Categorical variables were 

compared using the Chi-square test. Associations between test results and remote 
exposure, defined as birth in a country outside Europe and North America, were assessed 
by logistic regression. The analysis was limited to subjects who were tested with both 
IGRA and TST. TST indurations ≥10 mm were considered positive in the analysis of risk 
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factors associated with a positive TST. This analysis was also performed with a TST cut-off 
of 15 mm, in order to increase the specificity of TST (comparing TST 5-14 mm with TST 
≥15). To quantify the influence of previous exposure, the attributable fraction (AF) was 

calculated. The AF represents the proportion of cases that is attributable to a certain risk 
factor, i.e. would not have occurred if that risk factor would be completely eliminated. In 
this study the AF represents the proportion of contacts with a positive test that is 
attributable to birth in an endemic country. The AF is calculated as (risk ratio -1) / risk 
ratio (21, 22). This risk ratio was based on the adjusted model, comparing the risk of a 
positive test in individuals born in South America, Asia, sub-Saharan Africa, or Other Africa 

(exposure group) to those born in Europe or North America (reference group). Statistical 
analyses were performed using SPSS 14.0 for Windows (Chicago, IL, USA).  
 
 

Results 
Within the study period 380 contact investigations around contagious TB patients were 

executed, including 812 foreign-born contacts aged ≥16 years (Figure 1). Among these 812, 
97 contacts were excluded because they did not meet the inclusion criteria (n=66), were 
diagnosed with active tuberculosis during the contact investigation (n=14) or were 
prescribed preventive treatment (n=17). Another 282 contacts could not be included since 
they did not return for TST reading (n=11), were not asked to participate in the study 
(n=167) or did not give informed consent (n=104). Compared to contacts who had not been 
approached or did not provide informed consent (n=282), those who participated (n=433) 
were significantly more often born in a country in South America and less often in non-
sub-Saharan African countries compared to Asia, and were less often the partner or sibling 
of the index case than a colleague or schoolmate. Characteristics of participants and non-
participants are listed in Table 1. 

TST results were <5 mm in 94/433, ≥5 mm in 322/433, and 17 contacts were known 
TST positive. Valid outcomes of QFT-GIT and T-SPOT.TB for participants with TST ≥5 mm 
were available for 282 individuals (Figure 1). The majority of participants (163/282=57.8%) 
had a TST induration of ≥15 mm, while 26.9% had an induration of 10-14 mm and 15.2% of 
5-9 mm. Overall, QFT-GIT was positive in 53.9% while 59.6% were positive in the T-

SPOT.TB. The T-SPOT.TB was performed with fresh material in 211/282 (74.8%) and with 
frozen and thawed cells in 71/282 (25.2%) (maximum interval between freezing and 
thawing was 207 days with an average of 95 days). The percentage of positive T-SPOT.TB 
results for samples that were fresh (58.3%) did not differ significantly from the percentage 
for frozen samples (63.4%, P=0.450). The agreement between the TST and both IGRA was 
poor using a TST cut-off value of 15 mm, decreasing further when 10 mm was used as cut-

off (Table 2). In contrast, there was a strong correlation between QFT-GIT and T-SPOT.TB 
(Table 2) even though the outcome of both tests differed significantly (P=0.023).  
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IGRA = Interferon-� Release Assay, TB = tuberculosis, TST = tuberculin skin test, QFT-GIT = QuantiFERON-TB Gold In-
Tube 

Figure 1. Flow diagram. 
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Table 1. Comparison of characteristics between eligible participants who participate and those who 

did not participate.  

 Consent /Total eligible OR (95% CI) P value  
Total 433/715 (60.6)   
Gender    
  Male  238/402 (59.2) 1  
  Female  188/300 (62.7) 1.16 (0.85-1.57) 0.353 
  Unknown 7/13 (53.8)   
Age    
  16-24 94/159 (59.1) 1  
  25-34 104/197 (52.8) 0.77 (0.51-1.18) 0.233 
  35-44 131/198 (66.2) 1.35 (0.88-2.08) 0.171 
  45+ 104/161 (64.6) 1.26 (0.80-1.98) 0.314 
Continent of birth    
  Europe, North America 36/68 (52.9) 0.64 (0.37-1.10) 0.109 
  South America 35/41 (85.4) 3.33 (1.35-8.22) 0.009 
  Asia 156/245 (63.7) 1  
  Other Africa 121/225 (53.8) 0.66 (0.46-0.96) 0.030 
  Sub-Saharan Africa 76/108 (70.4) 1.36 (0.83-2.21) 0.223 
 Unknown 9/28 (32.1)   
Incidence in country of origin    
  <50/100.000 130/220 (59.1) 1 0.331 
  ≥50/100.000 294/467 (63.0) 1.18 (0.85-1.63)  
  Unknown 9/28 (32.1)   
Recent contact    
  Household contact 137/207 (66.2) 1 0.193 
  Non-household contact  253/416 (60.8) 0.79 (0.56-1.12)  
  Unknown 43/92 (46.7)   
Frequency of contact    
  Daily (>3x/wk) 327/536 (61.0) 1 0.153  
  Weekly 37/52 (71.2) 1.58 (0.84-2.94)  
  Unknown  69/127 (54.3)   
Relation to index patient    
  Partner 27/57 (47.4) 0.46 (0.23-0.90) 0.023 
  Brother /sister  19/41 (46.3) 0.44 (0.21-0.93) 0.032 
  Father / mother  32/43 (74.4) 1.48 (0.66-3.32) 0.344 
  Other family 126/202 (62.4) 0.84 (0.50-1.41) 0.516 
  Friend / relative  47/73 (64.4) 0.92 (0.48-1.75) 0.797 
  Colleague / schoolmate  61/92 (66.3) 1  
  Other  79/140 (56.4) 0.66 (0.38-1.14) 0.658 
  Unknown  42/67 (62.7)   

Definition of abbreviations: OR = odds ratio; CI = Confidence interval 

 
T-SPOT.TB was more often positive than QFT-GIT, especially in individuals with smaller 
TST indurations (Figure 2).  

TST results did not differ between household and non-household contacts (Table 3). 
After adjustment for age, gender and the degree of recent contact (being a household 
contact or not), individuals originating from sub-Saharan Africa more often had positive 
TST results than those from Asia. When repeating the analysis with a cut-off of 15 mm for 
TST, similar results were obtained, with slightly higher risk estimations. Positive QFT-GIT 
and T-SPOT.TB results were more frequent in older individuals. Furthermore, univariate 
analysis showed that previous participation in a contact investigation was strongly 
associated with a positive QFT-GIT (OR=3.36; 95% CI 1.43-9.21) and T-SPOT.TB result 

(OR=2.80; 95% CI 1.10-7.12) as was a history of past TB. Individuals with a history of daily 
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smoking had more often a negative T-SPOT.TB than never smokers (OR=0.57; 95% CI 0.35-
0.93). This effect was not significant for QFT-GIT (OR=0.64; 95% CI 0.39-1.03). 
 

Table 2. Agreement between interferon-gamma release assays and tuberculin skin test results of 

immigrant close contacts.  

 Tuberculin skin test result  Tuberculin skin test result 
 5-14 mm ≥ 15 mm 5-9 mm ≥ 10 mm 
QFT-GIT result     
  Negative (n=130) 84 (64.6) 46 (35.4) 33 (25.4) 97 (74.6) 
  Positive (n=152) 35 (23.0) 117 (77.0) 10 (6.6) 142 (93.4) 
  Agreement, % 71.3  62.1  
  Κ 0.418  0.198  
     
T-SPOT.TB result     
  Negative (n=114) 74 (64.9) 40 (35.1) 29 (25.4) 85 (74.6) 
  Positive (n=168) 45 (26.8) 123 (73.2) 14 (8.3) 154 (91.7) 
  Agreement, % 69.9  64.9  
  κ 0.379  0.190  
 T-SPOT.TB result    
QFT-GIT result (n=282) Negative Positive   
  Negative 100 (76.9) 30 (23.1)   
  Positive 14 (9.2) 138 (90.8)   
  Agreement, % 84.4    
  κ 0.683    

QFT-GIT=QuantiFERON-TB Gold In-Tube. Data are expressed as number (%).  

 

 

Figure 2. Percentage of concordant and discordant IGRA results per TST category. 
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In the multivariate analysis the independent risk of a positive IGRA result for different 
regions of origin was assessed; after adjustment for age, gender and recent exposure 
(household or non-household contact), origin from sub-Saharan Africa or other African 

countries were associated with a positive outcome of both IGRA (Table 4 and Table 5). 
Participation in previous contact investigation did not significantly improve the 
multivariate model. 

The AF for remote exposure of a positive test was, after adjustment, (3.22-
1)/3.22=0.69 (95% CI 0.17-0.88) for QFT-GIT, (4.41-1)/4.41=0.77 (95% CI 0.40-0.91) for 
TSPOT.TB and (0.73-1)/0.73=-0.37 (95% CI -3.88-0.62) for TST at a cut-off of 10 mm.  

 

Table 3. Risk factors for a positive TST (≥ 10 mm) compared to those with a TST reaction of 5-9 mm 

and the adjusted risk for country of origin for a positive TST among 282 immigrant contacts in The 

Netherlands with valid TST and IGRA results.  

 TST positive* OR (95% CI) P value OR adjusted  
(95% CI) 

P value 

Total 239/282 (84.8)     
Gender      
  Male  140/164 (85.4) 1 0.736 1 0.854 
  Female  99/118 (83.9) 0.89 (0.46-1.72)  1.07 (0.53-2.16)  
Age       
  16-24 38/48 (79.2) 1 0.211† 1 0.323 
  25-34 56/70 (80.0) 1.05 (0.42-2.62)  1.02 (0.39-2.67)  
  35-44 81/91 (89.0) 2.13 (0.82-5.55)  2.16 (0.78-5.99)  
  45+ 64/73 (87.7) 1.87 (0.70-5.02)  1.67 (0.60-4.66)  
Continent of birth      
  Europe, North America 20/23 (87.0) 1.41 (0.38-5.26) 0.031† 1.69 (0.44-6.45) 0.018 
  South America 13/19 (68.4) 0.46 (0.15-1.37)  0.48 (0.15-1.48)  
  Asia 85/103 (82.5) 1  1  
  Other Africa 70/84 (83.3) 1.06 (0.49-2.28)  1.17 (0.51-2.69)  
  Sub-Saharan Africa 49/51 (96.1) 5.19 (1.16-23.31)  6.00 (1.32-27.24)  
  Unknown 2/2 (100)     
BCG scar present      
  No  34/37 (91.9) 1 0.133   
  Yes  193/233 (82.8) 0.43 (0.13-1.45)    
  Unknown  12/12 (100)     
Recent contact      
  Household contact 79/94 (84.0) 1 0.900 1 0.981 
  Non-household contact 131/157 (83.4) 0.96 (0.48-1.92)  1.01 (0.49-2.09)  
  Unknown 29/31 (93.5)     
TB in the past      
  No 231/273 (84.6) 1 0.198   
  Yes 5/5 (100) NA    
  Unknown 3/4  (75.0)     
Previous in contact 
investigation 

     

  No 213/251 (84.9) 1 0.769   
  Yes 24/29 (82.8) 0.86 (0.31-2.38)    
  Unknown 2/2 (100)     
Ever smoked daily      
  No 128/146 (87.7) 1 0.192   
  Yes  105/128 (82.0) 0.64 (0.33-1.25)    
  Unknown 6/8 (75.0)     

* Data are expressed as N/N (%) † Chi-square for trend. OR = odds ratio; CI = Confidence interval; n.s = not 
significant; NA= not applicable; TST=tuberculin skin test; IGRA=interferon-gamma release assay. 
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Table 4. Risk factors for a positive QuantiFERON-TB Gold In-Tube and the adjusted risk for country 

of origin for a positive QuantiFERON-TB Gold In-Tube among 282 immigrant contacts in The 

Netherlands. 
 
 

QFT-GIT 
positive* 

OR (95% CI) P value OR adjusted  
(95% CI) 

P value 

Total 152/282 (53.9)     
Gender      
  Male  88/164 (53.7) 1 0.923 1 0.446 
  Female  64/118 (54.2) 1.02 (0.64-1.64)  1.23 (0.72-2.11)  
Age       
  16-24 20/48 (41.7) 1 0.015† 1 0.175 
  25-34 37/70 (52.9) 1.57 (0.75-3.29)  1.42 (0.64-3.16)  
  35-44 47/91 (51.6) 1.50 (0.74-3.03)  1.48 (0.69-3.20)  
  45+ 48/73 (65.8) 2.69 (1.27-5.69)  2.44 (1.09-5.49)  
Continent of birth      
  Europe, North America 6/23 (26.1) 0.39 (0.14-1.07)  0.48 (0.17-1.36)  
  South America 7/19 (36.8) 0.64 (0.23-1.76)  0.64 (0.23-1.83)  
  Asia 49/103 (47.6) 1 <0.001† 1 0.001 
  Other Africa 54/84 (64.3) 1.98 (1.10-3.58)  2.20 (1.13-4.30)  
  Sub-Saharan Africa 36/51 (70.6) 2.65 (1.29-5.41)  2.97 (1.40-6.27)  
  Unknown 0/2 (0)     
BCG scar present      
  No  23/37 (62.2) 1 0.225   
  Yes  120/233 (51.5) 0.65 (0.32-1.32)    
  Unknown  9/12 (75.0)     
Recent contact      
  Household contact 54/94 (57.4) 1 0.137 1 0.171 
  Non-household contact 75/157 (47.8) 0.68 (0.41-1.13)  0.68 (0.39-1.18)  
  Unknown 23/31 (74.2)     
TB in the past      
  No 147/273 (96.8) 1 0.783   
  Yes 3/5 (60.0) 1.13 (0.21-7.82)    
  Unknown 2/4 (50.0)     
Previous in contact 
investigation 

     

  No 129/251 (51.4) 1 0.003   
  Yes 23/29 (79.3) 3.62 (1.43-9.21)    
  Unknown 0/2 (0)     
Ever smoked daily      
  No 86/146 (58.9) 1 0.062   
  Yes  61/128 (47.7) 0.64 (0.39-1.03)    
  Unknown 5/8 (62.5)     

* Data are expressed as N/N (%) † Chi-square for trend. OR = odds ratio; CI = Confidence interval; n.s = not 
significant; NA= not applicable; QFT-GIT=QuantFERON-TB Gold In-Tube. 

 
 

Discussion 
The main finding of this study is that among foreign-born individuals tested in a contact 
investigation, a positive IGRA not only relates to possible recent TB infection but also to 
exposure to TB in their country of origin. Such persistently positive IGRA responses 
following past infection may limit the usefulness of IGRA to identify those foreign-born 
individuals in a contact investigation who may benefit from preventive treatment.  
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Table 5. Risk factors for a positive T-SPOT.TB and the adjusted risk for country of origin for a 

positive T-SPOT.TB among 282 immigrant contacts in The Netherlands 

 TSPOT positive* OR (95% CI) P value OR adjusted  
(95% CI)  

P value 

Total 168/282 (59.6)     
Gender      
  Male  94/164 (57.3) 1 0.362 1 0.206 
  Female  74/118 (62.7) 1.25 (0.77-2.03)  1.42 (0.82-2.46)  
Age       
  16-24 24/48 (50.0) 1 0.032† 1 0.314 
  25-34 41/70 (58.6) 1.41 (0.68-2.96)  1.30 (0.59-2.89)  
  35-44 51/91 (56.0) 1.28 (0.63-2.57)  1.42 (0.66-3.05)  
  45+ 52/73 (71.2) 2.48 (1.16-5.29)  2.14 (0.94-4.84)  
Continent of birth      
  Europe, North America 6/23 (26.1) 0.29 (0.10-0.78)  0.35 (0.13-0.99)  
  South America 10/19 (52.6) 0.90 (0.34-2.39)  0.91 (0.33-2.51)  
  Asia 57/103 (55.3) 1 0.001† 1 <0.001 
  Other Africa 58/84 (69.0) 1.80 (0.98-3.29)  2.43 (1.22-4.86)  
  Sub-Saharan Africa 37/51 (72.5) 2.13 (1.03-4.41)  2.40 (1.13-5.10)  
  Unknown 0/2 (0)     
BCG scar present      
  No  24/37 (64.9) 1 0.452   
  Yes  136/233 (58.4) 0.76 (0.67-1.57)    
  Unknown  8/12 (66.7)     
Recent contact      
  Household contact 59/94 (62.8) 1 0.252 1 0.292 
  Non-household contact 87/157 (55.4) 0.74 (0.44-1.24)  0.74 (0.42-1.30)  
  Unknown 22/31 (71.0)     
TB in the past      
  No 161/273 (59.0)  0.022   
  Yes 5/5 (100) NA    
  Unknown 2/4 (50.0)     
Previous in contact 
investigation 

     

  No 145/251 (57.8) 1 0.020   
  Yes 23/29 (79.3) 2.80 (1.10-7.12)    
  Unknown 0/2 (0)     
Ever smoked daily      
  No 97/146 (66.4) 1 0.025   
  Yes  68/128 (53.1) 0.57 (0.35-0.93)    
  Unknown 3/8 (37.5)     

* Data are expressed as N/N (%) † Chi-square for trend. OR = odds ratio; CI = Confidence interval; n.s = not 
significant; NA= not applicable; TSPOT=T-SPOT.TB. 

 
Several limitations need to be addressed. Firstly, we were unable to include all eligible 
individuals. Since individuals who did not participate were slightly more often a partner, 
brother or sister of the index patient or originating from non-sub-Saharan African 
countries, our results are slightly less representative for these groups. We found that 54-
60% of immigrant contacts with TST ≥5 mm were positive in one of the IGRA which 
corresponds with 40-45% of all contacts. This percentage was similar to that reported in 
other contact studies using IGRA among close contacts from endemic countries (7, 11, 23, 
24). Thus, although we cannot completely exclude that selection of cases occurred, it is 
unlikely to have affected the overall representativeness of our findings. Secondly, the fact 
that samples obtained on Fridays were frozen and the T-SPOT.TB was performed later may 
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have affected our results. However, one study reported that it is possible to perform this 
assay on frozen cells and we did not observe a difference in the percentage of positive 
results between fresh and frozen T-SPOT.TB assays (25). Thirdly, we did not perform IGRA 

among contacts with TST <5 mm. More research will be needed to evaluate the IGRA in 
this specific group as well as in immuno-compromised individuals. This may have resulted 
in an underestimation of the association between age, recent contact and positive test 
results. We sampled blood for IGRA at the day of TST reading. It has been argued that TST 
can boost IGRA testing, hampering its interpretation. Previously we showed that boosting 
of IGRA testing does not occur when blood for the IGRA is collected on the day of TST 

reading (26). Other studies showed that boosting of IGRA occurred when the assays were 
performed several weeks after the TST (27-29). 

QFT-GIT and T-SPOT.TB, considered more specific to detect TB infection than the 
TST, were both independently associated with increasing age and origin from either sub-
Saharan Africa or other African countries. This is in line with a study in Norway where up 
to 29% of immigrants from high endemic countries were QFT-GIT positive at entry, also 
implying the presence of remote infections (30). The AF suggests that positive TST results 
were not attributable to exposure in the country of origin.  The AF for TST found in our 
study might be influenced by false positive TST results induced by BCG-vaccination or 
infections with other non-tuberculous mycobacteria (NTM) and therefore underestimate 
the influence of previous exposure on TST. However, since the IGRA are considered to be 
influenced neither by BCG-vaccination nor by most NTM infections, the AF estimates for 
both IGRA more reliable reflect the influence of previous exposure than the one for TST. 
In 69-77% of close contacts with positive IGRA results these were attributable to previous 
exposure in the country of origin. One limitation of the AF is that if several causal factors 
coexist, the sum of AFs of each adds up to more than 100%. Therefore a part of the 

proportion of positive results that was attributable to previous exposure can be the result 
of another causal factor that was not measured in our study. Furthermore, we cannot 
exclude the possibility that the proxy we used for previous exposure to tuberculosis in the 
country of origin may be related to other factors than increased exposure alone. Since 
only a number of our participants were born in Europe or North America this may have 
affected the power of our AF estimates. The AF found in our study may not be applicable 

for populations that differ greatly in composition from that described in this study. 
Speculating on the immunological explanation of this finding, it is likely that 

immigrants have been exposed repeatedly in their country of birth. This boosting of the 
immune response to M. tuberculosis antigens may have resulted in a persistent pool of 
circulating responsive cells, which can be activated even within the short incubation 

period of the IGRA. It needs to be investigated whether this implies that these individuals 
have an excellent protection against TB or that they are still in danger of progression to 
active TB. Long term follow-up studies are needed to determine the predictive value of 
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IGRA for breakdown to active TB. The contacts in this study are therefore being followed 
for two years to determine the predictive value of the IGRA in this cohort.  

Previous studies performed among close contacts in different settings showed a 

better correlation both for QFT and for T-SPOT.TB with recent exposure (closeness of 
contact) as compared to TST (7-18). They were performed mainly among contacts with a 
relatively low risk of previous infection, while our study was restricted to close contacts 
with a high risk of recent exposure.  
 
 

Conclusions 
In conclusion, IGRA responses among recently TB exposed immigrant close contacts were 
influenced by remote exposure to TB in the country of origin. Especially immigrants 
originating from (sub-Saharan) Africa more often had positive IGRA results, which could 
not be explained by differences in recent exposure. Positive IGRA results among 
immigrants should therefore not indiscriminately be considered to reflect recent infection.  
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Summary  
Rationale  
Interferon-gamma release assays (IGRA) have shown to be more specific than the 
tuberculin skin test (TST) for detection of Mycobacterium tuberculosis infection, but little 

is known about their predictive value for progression to tuberculosis (TB) disease.  
Objective  
To determine the positive predictive value (PPV) for TB disease of two IGRA, 
QuantiFERON-TB Gold In-Tube (QFT-GIT) and T-SPOT.TB, compared to the TST in 
immigrants contacts.  

Methods  
Immigrant close contacts of sputum smear-positive TB patients were included when aged 
≥16 years and the TST result was ≥5 mm at zero or three months after diagnosis of the 
index patient. Contacts were followed during two years for development of TB disease.  
Measurements and Main Results  
Of 339 immigrant contacts with TST ≥5 mm, 324 and 299 had valid results of QFT-GIT and 

T-SPOT.TB, respectively. Nine contacts developed active TB. The PPV for progression to 
TB during this period was 9/288=3.1% (95% CI; 1.3-5.0) for TST ≥10 mm, 7/184=3.8% (95% 
CI; 1.7-5.9) for TST ≥15 mm, 5/178=2.8% (95% CI; 1.0-4.6) for QFT-GIT and 6/181=3.3% 
(95% CI; 1.3-5.3) for T-SPOT.TB. Sensitivity was 100% (9/9), 88% (7/8), 63% (5/8) and 75% 
(6/8), respectively.  
Conclusions  
Progression to TB disease was not predicted better by QFT-GIT or T-SPOT.TB compared to 
TST in immigrant close contacts. Based on the high incidence rate of TB progression, 
preventive measures could be considered in this population. 
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Introduction  
Until some years ago the diagnosis of a latent tuberculosis (TB) infection (LTBI) relied only 
on the tuberculin skin test (TST). Early studies have shown that TST responders have a 
higher risk of developing TB disease compared to those with no induration (1-3). However, 

one of the limitations of the TST is that its specificity is not optimal, and false-positive 
reactions may occur among individuals with BCG-vaccination and those infected with non-
tuberculous mycobacteria (NTM).  

Interferon-gamma release assays (IGRA) have emerged as an alternative for the TST. 
Currently two commercial IGRA are available: QuantiFERON-TB® Gold In-Tube (Cellestis, 

Carnegie, Australia) and T-SPOT.TB® (Oxford Immunotec, Abingdon, UK). These IGRA 
measure an immune response to M. tuberculosis-specific antigens, which are absent in M. 
bovis BCG and most NTM. Consequently, IGRA results are not affected by previous BCG-
vaccination and infection with most NTM (4). Furthermore, repeated testing does not 
influence later test results, in contrast to the boosting effect that can be observed when 
the TST is repeated over time (5). Several countries have incorporated IGRA as a 

diagnostic test for LTBI in their guidelines and recommend its use as a confirmative test 
after a positive TST (6, 7), or as an alternative to the TST (7-9). However, firm evidence is 
needed that positive IGRA results correlate with subsequent development of TB disease 
and can therefore be the basis for preventive measures (4, 10).  

So far, few prospective studies assessed progression of TB among contacts of 
infectious pulmonary TB patients in relation to IGRA results (11-14). A study among mainly 
German-born contacts, showed that the QuantiFERON-TB Gold In-Tube (QFT-GIT) was a 
more accurate indicator for progression to active disease than the TST at a cut-off of 5 
mm (12). Two other studies, performed in Gambia (14) and Turkey (11), found that the 
ELISPOT (an in-house version of the T-SPOT.TB) and the TST both missed some of the 
contacts who progressed to TB disease, suggesting that the ELISPOT did not predict 
disease progression better than the TST in these settings. It is unclear if these different 
outcomes can be attributed to the different IGRA used, the type of contacts included in 
these studies, or to differences in the infection prevalence. 

In this study, we assessed the positive predictive value for TB disease of QFT-GIT and 
T-SPOT.TB compared with TST in immigrant individuals in The Netherlands who were 

recently exposed to infectious pulmonary TB patients. To our knowledge this is the first 
longitudinal study that describes the predictive value of both commercially available IGRA 
in a population with high risk of recent infection, a high lifetime risk of previous infection 
and a low risk of re-infection after inclusion.  
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Methods  
Participants  
Between April 2005 and July 2007, close contacts of sputum smear-positive pulmonary TB 
patients when at least 16 years old and born in a TB endemic country (first generation 

immigrant) were recruited shortly after the diagnosis of the index patient. Furthermore, 
we included Dutch-born individuals when at least one of their parents was born in a TB 
endemic country (second generation immigrants) and they were BCG-vaccinated, since 
their TST results may be false positive due to their BCG-status. Recruitment took place at 
15 municipal health services (MHSs) throughout The Netherlands. We excluded contacts 

with known conditions associated with an increased risk of progression to disease 
(including diabetes and HIV infection) and individuals who were given preventive 
treatment.  
 
Data collection 
Screening of close contacts in a contact investigation is performed in two rounds in The 

Netherlands. The first round, performed soon after the diagnosis of the index patient, 
aims to find infected or diseased contacts as early as possible. The second round is 
performed at least eight weeks after the last infectious contact with the index patient, to 
find additional infected or diseased contacts who converted in the meantime. At the time 
of recruitment, all contacts underwent a chest X-ray (CXR) to exclude the presence of 
active TB disease. Additionally a TST was administered (2 TU, PPD RT23 in Tween-80, 
Statens Serum Institute, Copenhagen, Denmark) and read after 48-72 hours. Contacts with 
TST results ≥5 mm were interviewed and blood was obtained for T-SPOT.TB and QFT-GIT. 
If TST was <5 mm in the first round it was repeated at the second round and only followed 
by IGRA testing if ≥5 mm. Individuals who underwent their first TST during the second 
round of the contact investigation were tested once. Known past TST responders (TST ≥10 
mm) did not undergo a TST, but were only tested with IGRA. Characteristics of the cohort 
and factors related to positive test outcomes are described elsewhere (15).  

Contacts with TST results ≥5 mm were invited for four follow-up visits at 6, 12, 18 
and 24 months after inclusion and were interviewed for signs and symptoms suggestive of 
TB disease. Most MHSs offered CXR screening during these visits. Contacts who did not 

show up for their follow-up visit after several invitations were, if possible, interviewed by 
telephone.  
 
Ethics 
Ethical approval for this study was obtained from the Netherlands Central Committee on 
Research Involving Human Subjects (CCMO, P04.1214C) and all participants provided oral 

and written informed consent. Contacts with possible LTBI in our study did not receive 
preventive treatment since at the time of the study the routine practice in The 
Netherlands was to screen these immigrants only for active TB disease. The justification 
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for this policy is that among adults with a high likelihood of remote (instead of recent) 
infection and the possibility of false positive TST results due to previous BCG-vaccination 
the benefit of preventive therapy may not outweigh the risks related to the chemotherapy 

(16).  
 
Incident TB cases 
Contacts diagnosed with TB disease at least 3 months after the diagnosis of the index 
patient were considered to be incident cases. Co-prevalent TB cases, defined as contacts 
diagnosed with TB disease within 3 months after the diagnosis of the index patient, were 

excluded from the analysis. The diagnosis of TB disease was based on CXR, symptoms, 
smear and/or culture results.  
 
Laboratory procedures 
Both IGRA were performed according to the instructions of the manufacturers (17, 18), 
and tested in a single laboratory (Leiden University Medical Center, The Netherlands), as 
described earlier (15). For QFT-GIT a positive test was defined as ≥0.35 IU/ml. 
Interpretation of T-SPOT.TB results was according to the latest criteria defined by the 
manufacturer.  

When available, M. tuberculosis isolates from the incident cases and their index 
patients were subjected to IS6110 restriction fragment length polymorphism (RFLP) typing 
(19) and in case of less than 5 bands additionally sub-typed using the polymorphic GC-rich 
sequence as a probe (20), to determine if the RFLP patterns were identical. Molecular 
typing was done at the National Institute of Public Health and the Environment. 
Computer-assisted analysis of IS6110-PGRS RFLP was done using Bionumerics software, 
version 4.0 for Windows (Applied Maths, Sint-Maartens-Latem, Belgium) and in addition 

visually checked. 
 
Predictive values 
In our primary analysis we determined the positive predictive value (PPV), negative 
predictive value (NPV), sensitivity and specificity of the different tests for progression to 
disease in our total cohort of contacts who by definition had a TST ≥5 mm. The PPV was 

calculated as: number of incident TB cases with a positive test outcome / total number of 
contacts with a positive test outcome. Since the cumulative number of TB cases, and 
therefore the PPV, is dependent on the duration of follow-up, and not all of our contacts 
could be followed for 2 years we performed a secondary analysis to determine test 
parameters for progression to disease within the first 12 months of follow-up. Because not 

all contacts attended the follow-up visits we performed an even more strict sensitivity 
analysis in which we determined the test parameters for progression to disease within the 
first 12 months only including contacts who attended the follow-up for at least 12 months.  
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Follow-up time 
Since we were interested in the prediction of incident cases, the date of start of follow-up 
was defined as 3 months after the diagnosis of the index patient, or the date of blood 

collection for those who had IGRA testing >3 months after the diagnosis of their index 
patient. Follow-up time was calculated from the date of start of follow-up up to 24 
months, the date of TB diagnosis, the date of death or emigration out of The Netherlands, 
whatever occurred first.  

To ascertain that we did not miss any incident cases, we performed a search in the 
Netherlands Tuberculosis Register (NTR) and assessed if any of the included contacts was 

registered with TB up to August 1st 2008. Since the NTR is an anonymous register the 
search was based on the date of birth, gender and country of birth and MHSs were asked 
to confirm if the matches between the study database and the NTR database were indeed 
the same person. Although we excluded contacts with TST <5 mm from follow-up, since 
these individuals had a negligible risk of developing TB disease (1), the same search 
strategy in the NTR was performed to assess if any of them was registered with TB 
afterwards. 
 
Statistical analysis 
Poisson regression was used to estimate incidence rates and 95% confidence intervals (CI) 
for progression to TB per 1000 person-years. For the primary analysis we constructed 
Kaplan-Meier curves. The equality of the survival distributions were compared by the 
Gehan-Breslow-Wilcoxon-test that weighs the time points by the number of cases. 
Statistical analyses were conducted using SPSS version 16.0 for Windows (SPSS, Inc., 
Chicago, IL).  
 

 

Results  
Participants and test results 
During the study period, 380 contact investigations were conducted at the participating 
MHSs. Of 812 immigrant close contacts aged ≥16 years, 433 (53%) fulfilled the inclusion 
criteria and gave informed consent (Figure 1). Details on the comparison between 

contacts who were included and those who were not asked or refused participation are 
described elsewhere (15). Out of 433, 339 (78%) contacts were eligible for follow-up since 
they either had TST results ≥5 mm (n=322) or were known positive TST responders in the 
past (n=17). TST results were ≥10 mm in 288/339 (85%), and ≥15 mm in 184/322 (57%). 
Blood collection for IGRA failed in 12 contacts. At recruitment 178 (54%) of 327 remaining 
individuals had a positive QFT-GIT result. For 28 individuals no valid T-SPOT.TB result was 

available due to insufficient blood collection (n=19), inconclusive test result (n=5) or 
technical failure (n=4). T-SPOT.TB was positive in 181 (61%) of the remaining 299 
individuals. Characteristics of the study population are given in Table 1.  
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TST= tuberculin skin test; QFT-GIT=QuantiFERON TB Gold In-Tube; TB=tuberculosis; += positive; y=years, IQR=inter 
quartile range. * No T-SPOT.TB result of 28 individuals because of technical failure (n=4), inconclusive test results 
(n=5) or insufficient blood collected to perform the test (n=19). † Known positive TST results were all considered to 
be at least 10 mm (the regular cut-off for a positive TST result in The Netherlands), but were excluded from the 
analysis that used 15 mm as a cut-off since no exact indurations were known.  

Figure 1. Cohort profile of recruited contacts.  

 
Incident cases 
Nine contacts developed TB disease >3 months after the diagnosis of the index patient. 
None of the participants with TST <5 mm and none of the participants who did not attend 
all follow-up visits matched with any of the TB-cases notified in the Netherlands 
Tuberculosis Register. One incident case was not tested with TST at recruitment and in 
another incident case blood collection for IGRA had failed. All eight IGRA tested patients 
had TST results ≥10 mm and seven (88%) had results ≥15 mm.  
 

Immigrant close contacts n=812 

Exclusion because of exclusion criteria n=   66 
Diagnosed with active TB within 3 mo  n=   14 
Preventive therapy started    n=   17 
Total                              n=   97  

TST ≥5 mm & no IGRA 
result n=12 

Not asked to participate in the study n= 167 
No consent given           n= 104 
TST not read           n=   11 
Total                            n= 282  

No QFT-GIT and T-
SPOT.TB performed. 
Blood collection failed or 
was forgotten.   
 
TST ≥10 8 (67%) 
TST ≥15 4 (33%) 
              
Incident TB cases: 1  

Contacts fullfilled inclusion criteria n=433 

TST <5 mm  n=94 

Contacts eligble for follow-up n=339 

TST ≥5 mm & IGRA 
result n=310 

 

TST known positive & 
IGRA result n=17 

 

QFT-GIT+        146 (47%) 
T-SPOT.TB+    168 (60%)* 
 
 
TST ≥10 263 (85%) 
TST ≥15 180 (58%)  
              

 
Incident TB cases: 7 

QFT-GIT+       14 (82%) 
T-SPOT.TB+    13 (77%) 
 
 
TST ≥10† 17 (100%) 
TST ≥15† - 
               

  
Incident TB cases: 1 
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Table 1. Description of the study population; immigrant close contacts with a TST result of at least 

5 mm (n=339). 

 Study population 
 No. % 
Total 339  100 
Gender   
  Male  189  55.8 
  Female  147  43.4 
  Unknown 3  0.9 
Age (years)   
  16-24 53  15.6 
  25-34 80  23.6 
  35-44 115 33.9 
  ≥ 45 91  26.8 
Continent of birth   
  Europe, North America 27  8.0 
  South America 27  8.0 
  Asia 123 36.3 
  Other Africa 98  28.9 
  Sub-Saharan Africa 59  17.4 
  Unknown 5  1.5 
Recent close contact   
  Non-household contact 185  54.6 
  Household contact 115  33.9 
  Unknown 39  11.5 
BCG scar   
  Yes 274 80.8 
  No 43 12.7 
  Unknown 22 6.5 
QFT-GIT result   
  Negative 149 44.0 
  Positive 178 52.5 
  Not done 12 3.5 
T-SPOT.TB result   
  Negative 118 34.8 
  Positive 181 53.4 
  Not done/no valid result* 40 11.8 
TST result (mm)   
  5-9  51 15.0 
  10-14 87 25.7 
  ≥ 15 184 54.3 
  Known TST responder 17 5.0 

TST= tuberculin skin test; QFT-GIT=QuantiFERON TB Gold In-Tube.* 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) 

 
T-SPOT.TB was positive in 6/8 (75%) (all >30 spots), while QFT-GIT was positive in 5/8 
(63%) TB patients (4/5 were >10 IU/ml). The two patients with negative T-SPOT.TB results 
were also negative in the QFT-GIT. Six patients (including those with a negative QFT-GIT 
result) were confirmed by culture, and RFLP fingerprinting showed that all isolates were 
identical to those of the corresponding index case.  

None of the three incident patients with at least one negative IGRA result at 
recruitment were known to be HIV positive or to have any other immune suppressive 
disorder. Furthermore none of them reported to have traveled to a TB endemic country or 
have been exposed to another TB case in the period between their inclusion and diagnosis. 
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All had IGRA results far below the threshold of a positive test (QFT-GIT results: -0.24, 0.02 
and 0.04 IU/ml; T-SPOT.TB results: 0 and 1 spot). Two of these three patients had extra-
pulmonary TB. Contacts were tested with IGRA between 4 to 200 days after the diagnosis 

of the index case (median 37 days, IQR; 15-117). The three contacts who developed TB 
and who had at least one negative IGRA results were tested relatively early, at 5, 19 
(positive in T-SPOT.TB) and 34 days after diagnosis of the index patient. 
 
Survival analysis 
No significant difference was observed between the incidence of TB in contacts who were 

IGRA positive and those who were IGRA negative (QFT-GIT; Gehan-Breslow-Wilcoxon-test 
P=0.718, T-SPOT.TB; P=0.443) (Figure 2). Using a cut-off of 15 mm, the difference 
between the incidence of TB among contacts who were TST positive or negative did not 
reach statistical significance (P=0.081). All contacts who progressed to disease had a TST 
result ≥10 mm (P value not determined due to 0 observations in TST-negative group). 
 
Predictive values  
In the primary analysis, the 339 contacts were followed for a median follow-up time of 
1.83 year (IQR=1.30-2.00). This corresponded with an incidence rate of 16/1000 person-
years (95% CI; 7.3-30.5). The PPV of a TST result ≥10 mm for progression to TB was 3.1% 
(95% CI; 1.3-5.0), 3.8% (95% CI; 1.7-5.9) for TST ≥15 mm, 2.8% (95% CI; 1.0-4.6) for QFT-
GIT and 3.3% (95% CI; 1.3-5.3) for T-SPOT.TB, and sensitivity was 100%, 88%, 63% and 75%, 
respectively (Table 3). Specificity of the tests in this group of contacts with TST ≥5 mm (or 
known positive result), was highest for QFT (46%), followed by TST (cut-off 15 mm) (44%), 
T-SPOT.TB (36%) and lowest for TST (cut-off 10 mm) (13%).  

Five contacts were excluded from the secondary analysis, since their follow-up 

started less than 12 months before August 1st 2008. The incidence rate during the first 12 
months was 21/1000 persons-years (95% CI; 8.6-44.2). Similar to the analysis using the 
whole follow-up period, the PPV in the first 12 months was not better for QFT-GIT (1.7%, 
95% CI; 0.3-3.1) or T-SPOT.TB (2.2%, 95% CI; 0.6-3.9%) than that of the TST using a cut-off 
of 10 mm (2.5%, 95% CI; 0.8-4.1) or 15 mm (3.3%, 95% CI; 1.4-5.2).  

Restricting the analysis to contacts who attended at least the follow-up visits up to 

the first 12 months, the IGRA did not have a higher PPV compared to the TST either at a 
cut-off of 10 or 15 mm, although all PPVs were slightly increased.  
 
 

Discussion  
In this prospective cohort study including recently exposed immigrant close contacts with 

TST results ≥5 mm who were followed without preventive treatment, we found that the 
positive predictive value of QFT-GIT and T-SPOT.TB for subsequent development of 



 

 

 

FU 
time, yr 

0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 

TST ≥10  288 282 279 278 265 216 187 134 
TST 5-9  51 51 51 51 48 39 32 30 

 

 

 

FU 
time, yr 

0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 

TST ≥15 184 180 178 177 166 132 111 92 
TST 5-14  138 136 135 135 131 107 97 87 

 

 

 

FU=follow-up; TST=tuberculin skin test; TB=tuberculosis. † Follow-up time was calculated from the date of start of follow-up (the date 3 months after the diagnosis of 
the index patient, or the date of blood collection for those who had IGRA testing >3 months after the diagnosis of their index patient) up to 24 months, the date of TB 
diagnosis, the time of emigration or death of the subject, or at the 1st of August 2008, whichever data came first. 

Figure 2a and 2b. Kaplan-Meier curves showing the proportion of TB free contacts with a positive or negative result in TST at a cut-off of 10 mm 

(a), TST at a cut-off of 15 mm (b). 
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FU 
time, yr 

0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 

QFT-GIT 
positive 

178 176 175 174 163 135 116 95 

QFT-GIT 
negative 

149 146 144 144 140 113 96 87 

 

 
FU time, 
yr 

0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 

T-SPOT.TB 
positive  

181 178 176 175 165 140 121 101 

T-SPOT.TB 
negative 

118 116 115 115 111 84 71 64 

 

FU=follow-up; QFT=QuantiFERON-TB Gold In-Tube; QFT-GIT=QuantiFERON-TB Gold In-Tube; TSPOT=T-SPOT.TB, TB=tuberculosis. † Follow-up time was calculated from 
the date of start of follow-up (the date 3 months after the diagnosis of the index patient, or the date of blood collection for those who had IGRA testing >3 months 
after the diagnosis of their index patient) up to 24 months, the date of TB diagnosis, the time of emigration or death of the subject, or at the 1st of August 2008, 
whichever data came first. 

Figure 2c and 2d. Kaplan-Meier curves showing the proportion of TB free contacts with a positive or negative result in QFT-GIT (c) and T-

SPOT.TB (d). 
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Table 2. Characteristics of contacts that developed TB disease during follow-up. 

No. Sex  Age 
(y) 

Region of 
birth  

HH 
contact 

TST,1st 
round 
(mm) 

TST, 2nd 
round 
(mm) 

QFT-
GIT  

TSPOT  Reactive 
panel  
TSPOT‡ 

Days until 
IGRA 
testing§ 

Time 
to TB 
(mo)** 

Type  
of TB 

Cu  Case 
finding 
†† 

1 M 16-24 Asia Yes  15 ND Neg  Neg  None 34 4 ETB Pos†  Passive 

2 M 16-24 sS-Africa Yes  ND 21 Pos Pos  A&B 137 4 PTB Neg Active 

3 F 25-34 sS-Africa No  18 ND ND ND ND - 5 PTB 
&ETB 

Pos†  Passive 

4 F 35-44 sS-Africa Yes  17 ND Neg   Pos  B 19 6 ETB Pos†  Active 

5 M 16-24 O-Africa No  10 ND Neg  Neg  None 5 8 PTB Pos†  Passive 

6 F 16-24 O-Africa Yes  15 ND Pos   Pos  A&B 8 9 PTB Neg   Active 

7 F ≥45 S-America Yes  25 ND Pos   Pos  B 44 12 PTB Neg Passive 

8 M  35-44 S-America Yes  ND 18 Pos Pos   A&B 92 13 PTB Pos†  Active 

9 F  35-44 S-America Yes  *ND *ND Pos   Pos   A&B 28 18 PTB Pos†
§  

Passive 

TST= tuberculin skin test; TB=tuberculosis; NL=Netherlands; HH=household; QFT-GIT=QuantiFERON-TB Gold In-Tube; TSPOT=T-SPOT.TB; F=female; M=male; 
pos=positive; neg=negative; ND=not done; S=South; sS=sub-Saharan; O=other; d=days; mo=months; y=years; NA=not applicable; FU=follow-up; Cu=culture * TST known 
positive, due to previous TB episode. † RFLP pattern of isolate was identical to that of the index case. ‡ A=ESAT-6, B=CFP-10. § Isolate was not identical to the RFLP 
pattern of that of the previous TB episode of this case. § Number of days between diagnosis of the index patient and blood collection for IGRA determination. ** 
Number of months between diagnosis of the index patient and diagnosis of TB of the contact. †† Passive case finding=cases reported spontaneously, active case 
finding=cases were found during a screenings visit 



 

 

Table 3. Sensitivity, specificity and predictive values for development of tuberculosis disease for QuantiFERON-TB Gold In-Tube, T-SPOT.TB and 

TST among immigrant contacts.  

 Time point No. of 
contacts  

No. of 
incident 
TB cases 

No. of incident TB 
cases 

No. of other contacts Sens (%)* Spec (%)* PPV (%)* NPV(%)* 

   Test +  Test - Test + Test -     
PRIMAIRY ANALYSIS          
All contacts with TST ≥5 mm. Test parameters determined with follow-up until 1st August 2008. 
  TST ≥10 mm 339 9‡ 9 0 279 51 100 15 3.1 100 
  TST ≥15 mm, 322 8‡ 7 1 177 137 88 44 3.8 99.3 
  QFT-GIT  327 8 5 3 173 146 63 46 2.8 98.0 
  T-SPOT.TB  299 8 6 2 175 116 75 40 3.3 98.3 
           
SECONDARY ANALYSIS 
Contacts with TST ≥5 mm, who started follow-up at least 12 months before August 1st 2008.  
Test parameters are determined after 12 months follow-up. 
  TST ≥10 mm 334 7 7 0 278 49 100 15 2.5 100 
  TST ≥15 mm, 317 7 6 1 176 134 86 43 3.3 99.3 
  QFT-GIT  323 6† 3 3 173 144 50 45 1.7 98.0 
  T-SPOT.TB  295 6†  4 2 175 114 67 39 2.2 98.3 
           
SENSITIVITY ANALYSIS 
Contacts with TST ≥5 mm, who were actively followed for at least 12 months.  
Test parameters determined after 12 months follow-up. 
  TST ≥10 mm 196 7 7 0 165 31 100 16 4.1 100 
  TST ≥15 mm, 184 7 6 1 107 77 86 42 5.3 98.7 
  QFT-GIT  195 6† 3 3 112 83 50 43 2.6 96.5 
  T-SPOT.TB  180 6† 4 2 114 66 67 37 3.4 97.1 
           

TST= tuberculin skin test; QFT-GIT=QuantiFERON TB Gold in tube; TB=tuberculosis += positive; - = negative; sens=sensitivity; spec=specificity; PPV=positive predictive 
value; NPV=negative predictive value. * Sensitivity, specificity, positive and negative predictive value for development of tuberculosis disease are determined in 
immigrant close contacts with TST ≥5 mm. † IGRA was not performed in 1 incident TB case. ‡ TST was known positive (≥10 mm) in 1 incident TB case and not 
determined at recruitment of the study. This case was excluded form the analysis of TST ≥15 mm
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disease during the first two years after a contact investigation was not superior to that of 
the TST irrespective of the TST cut-off (10 or 15 mm). Our results differ from those in 
other populations in low incidence settings (12), that showed that the QFT-GIT may be a 

good predictor for development of active TB. In our study over half of the tested 
immigrant close contacts were QFT-GIT or T-SPOT.TB positive. If we assume that contacts 
with TST <5 mm, whom we excluded from IGRA testing in our study, would have had a 
negative IGRA result if IGRA had been performed, still 42-46% of all contacts would be 
IGRA positive. This high proportion of positive tests found among recently exposed 
immigrant contacts is probably not only attributable to recently acquired infections (15).  

The incidence of TB disease among close contacts with TST ≥5 mm, during 3-24 
months after the diagnosis of the index case was 16/1000 and is relatively high compared 
to estimations of others who assessed close contacts, ranging between 3.2-12.5/1000 (11, 
14, 21, 22).  

So far, four other contact studies assessed progression to disease in contacts tested 
with an IGRA (11-14), be it in different populations. Diel et al. (12) found 6 TB patients 
among 41 QFT-GIT positive contacts. The PPV of the QFT-GIT in this study (14.6%) was 
significantly higher than when a TST cut-off of 5 mm was used (PPV=2.3%, p=<0.003), 
although not at a cut-off of 10 mm (PPV=5.6%, p=0.10). In contrast, two studies assessing 
the ELISPOT, in household contacts in Gambia (14) or in child contacts in Turkey (11), 
reported a similar prediction of TB cases by ELISPOT compared to the TST. Similar to our 
findings, in the latter two studies (11, 14) the ELISPOT missed some of the contacts who 
progressed to disease. It is unclear if discrepancies between these studies may be 
explained by differences in the type of IGRA that was used. Direct comparison between 
the QFT-GIT and T-SPOT.TB showed that discrepancies occur, and T-SPOT.TB seemed to 
be slightly more sensitive than QFT-GIT (15, 23-26). Probably of more importance are the 

differences in the populations studied and the TB incidence in these countries.  
Three incident cases had a negative IGRA result. We investigated possible reasons for 

the negative results in these three cases, and found that re-infection and co-morbidity 
were unlikely explanations. We performed the IGRA only once and only after TST was ≥5 
mm, usually shortly after the diagnosis of the index patient. Although the interval 
between infection and conversion to a positive test result may be shorter for IGRA than 

for the TST (27), it is nevertheless possible that we tested our contacts too early when the 
IGRA was not yet positive in contacts who later progressed to disease. On the contrary, 
reversions of previously positive IGRA results have also been reported (28, 29). More 
studies are needed to determine the optimal moment for IGRA testing after infection to 
develop new diagnostic algorithms for LTBI.  

While the immigrant contacts in our study were all recently exposed, we observed 
previously that positive IGRA results may also be associated with remote infection (15). 
The implementation of IGRA in clinical practice in high TB endemic settings or among 
individuals with a high likelihood of previous exposure as recommended by some (30) is 
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therefore debatable (31, 32). Over half of the tested close contacts had positive TST, 
QFT-GIT or T-SPOT.TB results in our study. Nevertheless the incidence rate among the 
recently exposed immigrant contacts was high. Based on these results, it may be 

recommendable to incorporate the use of preventive therapy or other preventive 
measures in the Dutch setting for the screening of immigrant close contacts of sputum 
smear-positive TB cases, as is already the practice in many other low incidence countries 
(6-8, 16). The choice of the diagnostic test to be used may be based on their cost-
effectiveness, including an assessment of the costs and hazards of preventive treatment in 
persons with an increased risk of side effect.  

Our study had some shortcomings. Firstly, we determined the IGRA and followed 
contacts actively only when TST ≥5 mm and we determined the positive predictive values 
in the subgroup of contacts with a TST of at least this size. The exclusion of contacts with 
TST results <5 mm may have influenced our PPV estimations only to a minor extent. Few 
contact studies reported the percentage of positive IGRA results among contacts with TST 
<5 mm but found this to be less than 10% (12, 23, 24, 33, 34). Moreover, their risk of 
progression to disease is negligible (1) and we did not observe any case of TB in this 
subgroup upon checking the Netherlands Tuberculosis Register. Assuming that none of the 
immigrants with TST <5 mm would be IGRA positive and that no TB cases occurred in this 
group, by definition this would result in the same PPV as estimated here. Secondly, we did 
not have complete follow-up data for a considerable proportion of our study population. 
Although it is likely that contacts who stopped attending the follow-up visits were less 
likely to have developed TB disease, since they would otherwise have been notified to the 
national register, we do not know this with certainty. Therefore, in the secondary analysis, 
we assessed the PPV for progression to disease within the first 12 months in the complete 
cohort as well as in the subgroup who attended the visits up to at least this time. Since 

the same pattern of PPVs was found as in the primary analysis, non-participation in the 
follow-up visits will have had limited effect on our study findings. Thirdly, 17 contacts 
were excluded because they received preventive chemotherapy, but they might have had 
a higher risk of disease progression than those included. The exclusion of these individuals 
may have resulted in an underestimation of the incidence. Their effect on the PPV 
estimation is unclear.  

 
In conclusion, we observed a high incidence rate of TB disease among immigrant close 
contacts during the subsequent two years of follow-up. The positive predictive value of 
both IGRA for progression to TB disease among immigrant close contacts was not better 
than that of the TST. The incidence found among the study population justifies active 

preventive measures in this group. 
 
 



 
Chapter 6 

 98 

Acknowledgement 
The authors wish to thank all the participants and the staff of the participating municipal 
health services GGD Amsterdam, GGD Den Haag, GGD Eindhoven, Hulpverleningsdienst 
Flevoland, Hulpverlening Gelderland Midden, Hulpverleningsdienst GGD Groningen 

(locations Groningen and Assen), GGD Hart voor Brabant, GGD Hollands Midden, GGD 
Regio Nijmegen, GGD Rotterdam e.o., GGD Regio Twente, GGD Utrecht GGD West-Brabant, 
GGD Zuid-Holland West, GGD Zuidoost-Brabant, and H. el Bannoudi for technical 
assistance at the laboratory.  
 

 

References  
1. Comstock GW, Livesay VT, Woolpert SF. The prognosis of a positive tuberculin reaction in childhood and 

adolescence. Am J Epidemiol 1974;99:131-8. 

2. Ferebee SH. Controlled chemoprophylaxis trials in tuberculosis. A general review. Bibl Tuberc 

1970;26:28-106. 

3. Moran-Mendoza O, Marion SA, Elwood K, Patrick DM, FitzGerald JM. Tuberculin skin test size and risk of 

tuberculosis development: a large population-based study in contacts. Int J Tuberc Lung Dis 

2007;11:1014-20. 

4. Menzies D, Pai M, Comstock G. Meta-analysis: new tests for the diagnosis of latent tuberculosis infection: 

areas of uncertainty and recommendations for research. Ann Intern Med 2007;146:340-54. 

5. Menzies D. Interpretation of repeated tuberculin tests. Boosting, conversion, and reversion. Am J Respir 

Crit Care Med 1999;159:15-21. 

6. NIHES. Tuberculosis. Clinical diagnosis and management of tuberculosis, and measures for its prevention 

and control. Clinical guideline 33: National Institute for Health and Clinical Excellence 2006:1-66. 

7. Pai M, Gardam M, Haldane D, et al. An Advisory Committee Statement. Canadian Tuberculosis 

Committee. Updated recommendations on interferon gamma release assays for latent tuberculosis 

infection. CCDR RMTC, 2008:1-13. 

8. Diel R, Foreβbohm M, Loytved G, et al. Empfehlungen für die Umgebungsuntersuchungen bei Tuberkulose 

- Deutsches Zentralkomitee zur Bekämpfung der Tuberkulose. . Pneumologie 2007;61:441-455. 

9. Mazurek GH, Jereb J, Lobue P, Iademarco MF, Metchock B, Vernon A. Guidelines for using the 

QuantiFERON-TB Gold test for detecting Mycobacterium tuberculosis infection, United States. MMWR 

Recomm Rep 2005;54:49-55. 

10. Andersen P, Doherty TM, Pai M, Weldingh K. The prognosis of latent tuberculosis: can disease be 

predicted? Trends Mol Med 2007;13:175-82. 

11.  Bakir M, Millington KA, Soysal A, et al. Prognostic Value of a T-Cell-Based, Interferon-{gamma} 

Biomarker in Children with Tuberculosis Contact. Ann Intern Med 2008;149:777-86. 

12. Diel R, Loddenkemper R, Meywald-Walter K, Niemann S, Nienhaus A. Predictive value of a whole blood 

IFN-gamma assay for the development of active tuberculosis disease after recent infection with 

Mycobacterium tuberculosis. Am J Respir Crit Care Med 2008;177:1164-70. 



 
Predictive value of TST and IGRA among immigrants 

 99 

13. Doherty TM, Demissie A, Olobo J, et al. Immune responses to the Mycobacterium tuberculosis-specific 

antigen ESAT-6 signal subclinical infection among contacts of tuberculosis patients. J Clin Microbiol 

2002;40:704-6. 

14. Hill PC, Jackson-Sillah DJ, Fox A, et al. Incidence of Tuberculosis and the Predictive Value of ELISPOT 

and Mantoux Tests in Gambian Case Contacts. PLoS ONE 2008;3:e1379. 

15. Kik S, Franken WP, Arend SM, et al. Interferon-gamma release assays in immigrant contacts and effect of 

remote exposure to Mycobacterium tuberculosis. submitted for publication. 

16. Targeted tuberculin testing and treatment of latent tuberculosis infection. American Thoracic Society. 

MMWR Recomm Rep 2000;49:1-51. 

17. Cellestis. www.cellestis.com/IRM/Company/ShowPage.aspx?CPID=1170: Cellestis. 

18. Oxford Immunotec. www.oxfordimmunotec.com/International%20Home. 

19. van Embden JD, Cave MD, Crawford JT, et al. Strain identification of Mycobacterium tuberculosis by DNA 

fingerprinting: recommendations for a standardized methodology. J Clin Microbiol 1993;31:406-9. 

20. van Soolingen D, de Haas PE, Hermans PW, Groenen PM, van Embden JD. Comparison of various 

repetitive DNA elements as genetic markers for strain differentiation and epidemiology of 

Mycobacterium tuberculosis. J Clin Microbiol 1993;31:1987-95. 

21. Guwatudde D, Nakakeeto M, Jones-Lopez EC, et al. Tuberculosis in household contacts of infectious 

cases in Kampala, Uganda. Am J Epidemiol 2003;158:887-98. 

22. Lee JY, Choi HJ, Park IN, et al. Comparison of two commercial interferon-gamma assays for diagnosing 

Mycobacterium tuberculosis infection. Eur Respir J 2006;28:24-30. 

23. Arend SM, Thijsen SF, Leyten EM, et al. Comparison of two interferon-gamma assays and tuberculin skin 

test for tracing tuberculosis contacts. Am J Respir Crit Care Med 2007;175:618-27. 

24. Connell TG, Ritz N, Paxton GA, Buttery JP, Curtis N, Ranganathan SC. A three-way comparison of 

tuberculin skin testing, QuantiFERON-TB gold and T-SPOT.TB in children. PLoS ONE 2008;3:e2624. 

25. Ferrara G, Losi M, D'Amico R, et al. Use in routine clinical practice of two commercial blood tests for 

diagnosis of infection with Mycobacterium tuberculosis: a prospective study. Lancet 2006;367:1328-34. 

26. Pai M, Zwerling A, Menzies D. Systematic review: T-cell-based assays for the diagnosis of latent 

tuberculosis infection: an update. Ann Intern Med 2008;149:177-84. 

27. Franken WP, Koster BF, Bossink AW, et al. Follow-up study of tuberculosis-exposed supermarket 

customers with negative tuberculin skin test results in association with positive gamma interferon 

release assay results. Clin Vaccine Immunol 2007;14:1239-41. 

28. Franken WP, Arend SM, Thijsen SF, et al. Interferon-gamma release assays during follow-up of tuberculin 

skin test-positive contacts. Int J Tuberc Lung Dis 2008;12:1286-94. 

29. Pai M, Joshi R, Dogra S, et al. T-cell assay conversions and reversions among household contacts of 

tuberculosis patients in rural India. Int J Tuberc Lung Dis 2009;13:84-92. 

30. Nienhaus A, Schablon A, Diel R. Interferon-gamma release assay for the diagnosis of latent TB infection--

analysis of discordant results, when compared to the tuberculin skin test. PLoS ONE 2008;3:e2665. 

31. Barth RE, Mudrikova T, Hoepelman AI. Interferon-gamma release assays (IGRAs) in high-endemic settings: 

could they play a role in optimizing global TB diagnostics? Evaluating the possibilities of using IGRAs to 

diagnose active TB in a rural African setting. Int J Infect Dis 2008;12:e1-e6. 



 
Chapter 6 

 100 

32. Menzies D. Using tests for latent tuberculous infection to diagnose active tuberculosis: can we eat our 

cake and have it too? Ann Intern Med 2008;148:398-9. 

33. Brock I, Weldingh K, Lillebaek T, Follmann F, Andersen P. Comparison of tuberculin skin test and new 

specific blood test in tuberculosis contacts. Am J Respir Crit Care Med 2004;170:65-9. 

34. Janssens JP, Roux-Lombard P, Perneger T, Metzger M, Vivien R, Rochat T. Contribution of a IFN-gamma 

assay in contact tracing for tuberculosis in a low-incidence, high immigration area. Swiss Med Wkly 

2008;138:585-93. 

 



 

 

 

 

Chapter 7 

 

 

Cost-effectiveness of interferon-gamma 

release assays and tuberculin skin test to 

determine latent tuberculosis infection in 

immigrant contacts 
 

 

Sandra V. Kik, Linda Mussert, Connie Erkens, 

Willeke P. J. Franken, Frans F. H. Rutten, Suzanne Polinder, 

Marlies Mensen, Margreet Kamphorst, Agnes Gebhard, 

Martien W. Borgdorff, Suzanne Verver 

 
 
 

Ready for submission 
 



 
Chapter 7 

 102 

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.  

 

compliant 

not compliant 

no prev. treatment 

prev. treatment 

negative 

positive 
Tx effective 

Tx not effective 

Tx effective 

Tx not effective 

No TB 

TB 

TB 

TB 

TB 

No TB 

No TB 

No TB 

Screening test 



 
Cost-effectiveness of TST and IGRA among immigrants 

 105 

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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Summary 
Background 
In low tuberculosis (TB) incidence countries TB affects mostly immigrants in the 
productive age group. Little empirical information is available about direct and indirect 

TB-related costs that patients face in these high-income countries. We assessed the direct 
and indirect costs of immigrants with TB in The Netherlands. 
Methods 
A cross-sectional survey at 14 municipal health services and 2 specialized TB hospitals was 
conducted. Interviews were administered to first or second generation immigrants, 18 

years or older, with pulmonary or extrapulmonary TB, who were on treatment for 1-6 
months. Out of pocket expenditures and time loss, related to TB, was assessed for 
different phases of the current TB illness.  
Results 
In total 60 patients were interviewed. Average direct costs spent by households with a TB 
patient amounted €353. Most costs were spent when being hospitalized. Time loss (mean 

81 days) was mainly due to hospitalization (19 days) and additional work days lost (60 
days), and corresponded with a cost estimation of €2603.  
Conclusions 
Even in a country with a good health insurance system that covers medication and 
consultation costs, patients do have substantial extra expenditures. Furthermore, our 
patients lost on average 2.7 months of productive days. TB patients are economically 
vulnerable.  
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Background 
Tuberculosis (TB) affects people within the most productive age group and the resultant 
economic costs for society are high (1, 2). Previous studies on the economic aspects of TB 
control have focused on health system costs for interventions like screening, or on 

evaluation of these interventions (3-10). There is little information about the TB related 
costs incurred by TB patients and their households throughout the entire illness, including 
the pre-diagnostic phase. The only studies assessing patient and household costs have 
been conducted in high TB prevalence and low-income countries (6, 11-16), but are 
lacking for low-prevalence and high-income countries. Health policy makers need this 

information to assess the overall economic impact of TB. Even though in most countries 
diagnostic and treatment services for TB control are offered free of charge, TB patients do 
have out of pocket expenditures (11, 12). 

As in many other low-incidence countries, in The Netherlands, immigrants and 
refugees contribute to a high TB case load, compared to native inhabitants (3, 17, 18). In 
2007, among the 960 registered TB patients in The Netherlands 592 (61%) were foreign-

born. Enrolment in a private health insurance is compulsory for all inhabitants in The 
Netherlands. Beside the mandatory basic health insurance (approximately €95 per month), 
people can additionally choose for a more extended insurance with a higher coverage. 
Moreover, individuals with a yearly gross income below €26071 qualify for a health care 
allowance of maximum €36 per month. In 2007, the basic health insurance covered all 
costs of TB medication, most diagnostic tests, doctors’ consultation and hospitalisation, 
but not costs related to travel and food supplements etc. Since immigrants are often 
faced with lower annual incomes than the non-migrant population, TB related 
expenditures not covered by the health insurance might be disproportionately higher for 
immigrants than for non-migrant patients.  

In this study we describe the direct and indirect costs of TB among immigrants with 
TB disease in The Netherlands.  
 
 

Methods 
Study design and population 
Between April 2007 and October 2007 we conducted a cross-sectional survey at the 14 
municipal health services (MHSs) and the two specialized TB hospitals that volunteered to 
participate in The Netherlands. They were selected based on the largest number of 
patients, being usually from larger cities. This study was part of a multi-centre 
international study on cost-effectiveness of worldwide interventions, coordinated by 
McGill University in Montreal, Canada. In this paper we present the data collected in The 

Netherlands. 
We included tuberculosis patients who were a first or second generation immigrants, 

who were on anti-TB treatment and aged 18 years or older. First generation immigrants 
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were those individuals born in a foreign country and who were living in The Netherlands at 
the time of diagnosis of active TB. Second generation immigrants were those individuals 
who were born in The Netherlands, but who had at least one parent that was born abroad.  

 
Data collection 
Patients who fulfilled the inclusion criteria were invited to participate in the study by the 
nurse from the MHS or specialized TB hospital. One of two trained interviewers explained 
the study, obtained informed consent and performed an in-depth face-to-face interview. 
A structured questionnaire was used, developed by McGill University (Montreal, Canada), 

that had been successfully used in previous studies (6, 10, 11), and was adapted to the 
Dutch setting. Patients who were unable to speak Dutch or English were helped by family 
members or friends who could speak one of these two languages. If necessary a translator 
assisted by telephone. Interviews were done in a private room, without the presence of 
any medical staff in order to guarantee the patients’ privacy. 

Medical information from all TB patients in The Netherlands is registered in The 
Netherlands Tuberculosis Register (NTR). The NTR-committee and all participating MHSs 
gave permission to extract anonymous medical data from this register for the study 
population. To verify if our study population was comparable to all TB patients we 
compared our study population with all TB patients (who fulfilled the study inclusion 
criteria) who were diagnosed in 2005. Since complete national data were at the time of 
the study only available for 2005 we assumed that TB cases notified in the NTR in 2005 
were comparable to those of 2007. No ethical approval was needed for this study from the 
Central Committee on Research Involving Human Subjects (CCMO) as our questionnaire did 
not involve any intrusive questions.  
 
Costs assessed  
Information about costs was ascertained for different periods starting from the moment of 
onset of symptoms up to the completion of treatment. Direct costs and time loss during 
the different periods were asked per visit. Since patients were still under treatment at the 
moment of the interview, we assumed that the length of their treatment would be 
comparable with the average treatment length of immigrant patients in 2005; which was 

6.4 months for the whole treatment. Patients who received directly observed therapy 
(DOT) received their medication 3 to 5 times per week at the MHS. The duration of DOT 
was on average 5.0 months in 2005 according to the Dutch surveillance data. All costs 
were extrapolated for the entire treatment period.  
 
Direct costs  
Direct patient costs included all out of pocket expenditures of patients that were 
attributable to their illness (19). Direct costs included the costs of transportation to 
health facilities, costs of extra food (bought during waiting time at the health facility), 
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extra expenditures related to hospitalization (which were not covered by the health 
insurance) or over the counter medication (such as vitamin B6). These costs were assessed 
both for the patient as well as for their household members when they had extra 

expenditures due to the illness of the patient.  
 
Indirect costs 
Indirect patient costs refer to the costs associated with time lost by the patient. This loss 
of time included visits to the health facilities and hospitalization as well as other time lost 
due to the inability to work as a result of the illness (19). Time loss was only collected for 

the patients themselves. In order to quantify the magnitude of time loss, the number of 
days lost was multiplied by the estimated income of the patients. Because of the 
sensitivity of the question, we did not ask the participants their exact income, but asked 
them to indicate which of 4 categories their income corresponded to. To quantify the 
indirect costs, the average time loss, in days, was multiplied by the estimated average 
income of the study population.  
 
Data and statistical analysis 
Questionnaires were double entered by two different persons into a standardized database. 
Data were analysed with SPSS 14.0. Costs and time loss were compared between 
pulmonary tuberculosis (PTB) and extrapulmonary tuberculosis (ETB) patients. Patients 
with both PTB and ETB were classified as PTB. Odds ratio’s (OR) for being included in our 
study compared to all immigrant patient (regardless of their inclusion on our study) were 
determined by logistic regression analysis, to determine the representativeness of the 
patients included in our study for all immigrant patients in 2005. P values were calculated 
by Chi-square test, independent t-test or non-parametric tests as appropriate. While data 

on costs and time loss was not normally distributed, we reported mean values to allow 
comparison with other published cost estimates. In our tables also median values are given. 
 
 

Results 
Patient characteristics 

During the study period, 60 patients fulfilled the inclusion criteria and consented to 
participate. In general our study population included more males (63%) than females (37%). 
The majority of the patients included in the study were 25 to 44 years old and most 
patients were first generation immigrants from Africa or Asia (Table 1). Compared to all 
immigrant patients diagnosed in The Netherlands in 2005, our study population was 
slightly younger and included significantly fewer persons with impaired immunity (i.e. 

patients with HIV, diabetes, malignancy, an organ transplantation, renal insufficiency or 
other causes of immune suppression or who used TNF- inhibitors). None of the four 
interviewed patients with an impaired immunity were known to be HIV positive.  
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Table 1. Comparison between the interviewed immigrants in the study and all immigrants with 

tuberculosis diagnosed in 2005.  

 No. of immigrant TB 
patients in 2005, (%)* 

No. of study 
population,(%)* 

P value  
Chi-square 

Total  762 (100) 60 (100)  
Sex   0.49 
  Male  448 (59) 38 (63)  
  Female 314 (41) 22 (37)  
Age (yr)   0.08 
  18-24 150 (20) 18 (30)  
  25-44 386 (51) 33 (55)  
  45-64 154 (20) 8 (13)  
  ≥ 65 71 (9) 1 (2)  
  Unknown  1 (0) 0 (0)  
Generation   0.43 
  First generation immigrant 718 (94) 58 (97)  
  Second generation immigrant 44 (6) 2 (3)  
Region of origin    0.44 
  Europe 92 (12) 3 (5)  
  America (Central and South) 72 (9) 6 (10)  
  America (North) 1 (0) 0 (0)  
  Asia  249 (33) 18 (30)  
  Africa 338 (44) 33 (55)  
  Unknown 10 (1) 0 (0)  
Localisation of TB   0.69 
  Pulmonary  357 (47) 31 (52)  
  Extrapulmonary 305 (40) 23 (38)  
  Pulmonary and extrapulmonary 100 (13) 6 (10)  
Culture result   0.83 
  Positive 531 (70) 44 (73)  
  Negative  91 (12) 6 (10)  
  Not done/ unknown 140 (18) 10 (17)  
Previous diagnosed with TB   0.13 
  No  611 (80) 54 (90)  
  Yes 46 (6) 3 (5)  
  Unknown 105 (14) 3 (5)  
Treatment regime   <0.01 
  Standard (4HRZ(E)/2HR(E)) 542 (71) 43 (72)  
  Other  220 (29) 9 (15)  
  Unknown 0 (0) 8 (13)  
Impaired immunity   <0.01 
  No  282 (37) 40 (67)  
  Yes  140 (18) 4 (7)  
  Missing 340 (45) 16 (27)  
Hospitalization (during TB treatment 
for at least 7 days) 

  0.16 

  No 438 (58) 29 (48)  
  Yes  232 (30) 19 (32) ‡  
  Unknown 92 (12) 12 (20)  

CI= confidence interval; H=isoniazid; R=rifampin; Z=pyrazinamid; E=ethambutol; DOT=directly observed therapy; 
NA=not applicable.* Column percentages are given. † OR of a determinant shows effect of that determinant on 
being included as a participant in the study, in contrast to the all immigrants diagnosed with tuberculosis in The 
Netherlands during 2005. ‡ This number differs from that in table 2 because a different definition for hospitalization 
is used in the NTR-database. 

 

Out of 60 patients, 31 (52%) had pulmonary tuberculosis (PTB), 23 had (38%) 
extrapulmonary tuberculosis (ETB) and 6 (10%) suffered from both PTB and ETB. We did  
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Table 2. Socio-economic characteristics of immigrants with pulmonary tuberculosis compared to 

immigrants with extrapulmonary tuberculosis. 

 No of all TB 
cases (%)* 

No of pulmonary 
TB cases (%)*‡ 

No. of extra-
pulmonary TB 
cases (%)*  

P value  

Total  60 37 23  
Sex     
  Male  38 (63) 24 (65) 14 (61) 0.76 
  Female 22 (37) 13 (35) 9 (39)  
Age (yr)     
  18-24 18 (30) 13 (34) 5 (23) 0.06 
  25-44 33 (55) 23 (61) 10 (46)  
  45-64 8 (13) 2 (5) 6 (27)  
  ≥ 65 1 (2) 0 (0) 1 (5)  
Region of origin     
  Europe 3 (5) 3 (8) 0 (0) 0.25 
  America (Central and South) 6 (10) 2 (5) 4 (18)  
  Asia  18 (30) 12 (32) 6 (27)  
  Africa 33 (55) 21 (55) 12 (54)  
Immigration status     
  Landed immigrant  33 (55) 15 (41) 18 (79) 0.12 
  Immigrant applicant (asylum seeker)  12 (20) 10 (27) 2 (9)  
  Illegal immigrant 4 (7) 3 (8) 1 (4)  
  Accepted refugee 3 (5) 2 (5) 1 (4)  
  Second generation immigrant 2 (3) 2 (5) 0  
  Student 6 (10) 5 (14) 1 (4)  
Level of education     
  No education 6 (10) 5 (14) 1 (5) 0.53 
  Primary school 11 (18) 6 (15) 5 (22)  
  Some high school (not completed) 10 (17) 5 (14) 5 (22)  
  High school 18 (30) 10 (27) 8 (35)  
  Above high school 15 (25) 11 (30) 4 (17)  
Employment status      
  Employed or student 26 (43) 16 (43) 10 (43) 0.99 
  Unemployed 34 (57) 21 (57) 13 (57)  
Unemployment due to TB (n=34)     
  Yes  8 (24) 5 (24) 3 (23) 0.96 
  No 26 (76) 16 (76) 10 (77)  
Pre-diagnostic period; 
Monthly household income (after tax rebate) 

    

  < €100 4 (7) 4 (11) 0 0.27 
  €100 - €499 10 (17) 6 (16) 4 (17)  
  €500 - €999 12 (20) 5 (14) 7 (30)  
  ≥ €1000  33 (55) 21 (57) 12 (52)  
  Unknown 1 (2) 1 (3) 0 (0)  
Post-diagnostic period; 
Monthly household income (after tax rebate) 

    

  < €100 2 (3) 2 (5) 0 0.82 
  €100 - €499 14 (23) 9 (24) 5 (22)  
  €500 - €999 14 (23) 8 (22) 6 (26)  
  ≥ €1000 28 (47) 17 (46) 11 (48)  
  Unknown 2 (3) 1 (3) 1 (4)  
Difference in income after diagnosis of TB     
  Yes, income increased 3 (5) 2 (5) 1 (4) 0.98 
  Yes, income decreased 6 (10) 4 (11) 2 (9)  
  No, no change in income 49 (82) 30 (81) 19 (83)  
  Unknown 2 (3) 1 (3) 1 (4)  

* Column percentages are given. † P values are calculated with the Chi-square test. ‡ 6 patients with PTB and ETB, 
were classified as PTB. 
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not observe any significant differences between characteristics of the interviewed 
patients with PTB and ETB, but ETB patients tended to be older than PTB patients (Table 
2). Out of 60 participants, 34 (57%) were unemployed at the time of the interview. Nine 

(26%) of the 34 unemployed patients were asylum seekers, who are not allowed to have a 
paid job during their entrance procedure. Eight other patients (13%) stated that their 
unemployment was due to their TB illness. A lot of the patients (48%) were living alone in 
a household. Forty three percent of the immigrants with TB reported that their net 
household income before diagnoses was less than €1000 per month. Post-diagnosis this 
percentage increased slightly to 50%. Six patients reported a reduction of their income, 

while 3 reported an increase since their diagnosis. Except for 2 patients, 58 (97%) had a 
health insurance. 
 
Direct patient costs 
Direct costs of immigrants during the entire TB illness averaged €353 (median €190) (Table 
3). Almost all patients (58/60) had some direct costs during their illness. Expenditures of 
patients varied widely and total direct costs of patients ranged from €0 to €3961. Most 
patients had out of pocket expenditures during the follow-up visits and the diagnostic 
period. Costs during the pre-diagnostic period were slightly higher for ETB (mean €10, sd 
18.8) compared to PTB patients (mean €3, sd 7.4, t-test p-value=0.04). No differences in 
costs during the other periods were observed for patients with different types of 
tuberculosis. Patient delay, defined as the period between first symptoms and first 
contact with a health care provider, did not differ between PTB patients (mean 2.5 
months, sd 6.9) and ETB patients (mean 3.0 months, sd 4.7, p=0.79). Most costs were 
incurred if patients were hospitalized. While 28 (47%) patients had been hospitalized 
before, during or after their TB diagnosis; mean costs during hospitalization were €105 on 

average. During hospitalization most costs were spent on food and other items such as the 
use of a TV or telephone. Additional costs consisted mainly of additional vitamins, energy 
drinks and food supplements. One patient reported to have extra high rent costs due to TB, 
which explains the maximum of €2400. Although in general costs for laboratory tests, 
consultation and most medication are covered by the health insurance, some patients 
reported that they had incurred costs on these items. In general direct costs were spent 

on additional food supplements, travel to visit the health facilities and food that was 
bought during waiting times (Figure 1).  
 
Indirect costs 
On average patients lost 81 days of normal productivity due to their TB illness (median 60 

days) (Table 3). All patients had time loss (ranging from 0.5-637 days), mainly due to 
travel and consultation time at different health care facilities. ETB patients had on 
average significantly more time loss during their pre-diagnostic period than PTB patients 



 

 

Table 3. Mean direct costs of immigrants with tuberculosis during different periods of their illness (n=60). 

 Direct costs (euro’s)  Time loss (days) 
 Patients reporting costs during 

this period 
All patients (n=60) Patients reporting time loss 

during this period 
All patients  
(n=60) 

 N (%)* Mean costs  
(min-max)†  

Mean 
costs † 

Median costs 
(IQR) 

N (%)* Mean time loss, 
days (min-max)  

Mean 
time 
loss 

Median time loss 
(IQR) 

Pre-diagnostic period 23 (38) €15 (€1-€72) €6 0 (0-4) 41 (68) 0.2 (0.0-1.8) 0.1 0.1 (0-0.2) 
Diagnostic period 36 (60) €27 (€1-€190) €16 5 (0-16) 42 (70) 0.3 (0.0-1.2) 0.2 0.2 (0-0.4) 
Follow-up visits 49 (82) €49 (€5-€195) €40  27 (10-60) 60 (100) 0.6 (0.18-2.0) 0.6 0.4 (0.3-0.8) 
DOT visits 13 (22) €72 (€3-€417) €16 0 (0-0) 31 (52) 1.3 (0.2-6.6) 0.7 0.1 (0-0.7) 
Hospitalization 21 (35) €301 (€2-€3960) €105 0 (0-51) 28 (47) 39.9 (1.0-180.0) 18.6 0 (0-21.0) 
Additional costs 39 (65) €263 (€4-€2400)  €171 64 (0-251)     
Other workdays lost     39 (65) 93.0 (21.0-600.0) 60.5 31.0 (0-90.0) 
Total 58 (97) €365 (€3-€3961) €353 190(74-399) 60 (100) 80.7 (0.5-637.2) 80.7 59.7 (4.6-121.5) 

IQR=inter-quarter range. * Column percentages are given. † Costs are rounded to the nearest integer. 

 

 

 

 

 

 

 

 

Figure 1. Type of direct costs incurred by immigrants with pulmonary or extrapulmonary tuberculosis (mean costs in euro’s) during the whole TB 

illness period. 
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(mean=0.24 vs. 0.07 days respectively, t-test p-value=0.01). There was no difference 
between the time loss during other phases of the disease between ETB and PTB patients. 
The inability to work accounted for most time loss per patient and was on average 60.5 

days. Hospitalizations lead to an additional 18.6 days of time loss and visits to health 
facilities accounted for 1.6 days.  

The Statistics Netherlands (CBS) estimated the average national disposable yearly 
income per household (after tax rebate and reduction of social insurance and health 
insurance) at €29,400 in The Netherlands in 2005 (20). Since half of the patients in our 
study reported their income to be less than €1000 per month, we decided that a yearly 

household income of €12,000 (12*€1000) would be a more appropriate estimate of the 
average income of the participants in our study. To quantify the indirect costs, the 
average time loss, in days, was multiplied by €32.25 (€1000/31; making no difference 
between time loss during working days and weekend days). Consequently the mean 
indirect costs corresponded with €2603 per patient.  
 
 

Discussion  
This study demonstrates the economic burden that immigrant TB patients in The 
Netherlands face during their TB illness. We show that, even in a high income country 
where most medical costs are covered by the mandatory health insurance, immigrants 
with tuberculosis will have extra out of pocket expenditures. Furthermore immigrant 
patients lost 81 productive days due to their illness. Costs and time loss during the pre-
diagnostic period were slightly higher for patients with ETB compared to those with PTB, 
which is possibly due to the added investigations needed to diagnose extrapulmonary 
tuberculosis and exclude other pathology. Our study confirms that TB patients are from 
vulnerable groups, having a high unemployment rate both before their disease and even 
higher during disease, and lower average income than the general population.  

Out of pocket expenditures were comparable with 3% (€353/€12000) of the average 
annual income of the patients. These costs may be a considerable part of their disposable 
income after the payment of all monthly fixed costs such as rent, marginal costs (such as 
electricity and water) and insurances. Moreover, these costs are all faced during the time 

of TB disease and thus spend in a period of around 6 months. A quarter of the interviewed 
TB patients were asylum seekers, who often have even less money to spend. Some authors 
have concluded that a cost burden greater than 10% will be catastrophic for the household 
(15, 21). It is debatable if this percentage can be applied to both low and high income 
countries. The amount of extra costs spend will depend on the available income. For 
example, quite a number of patients reported to spend extra money on food supplements. 

It can be questioned whether patients with little income will (or need to) spend costs on 
these additional items, when they can’t pay them. Furthermore, coping strategies may 
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have resulted in differences in expenditures between patients, but we did not assess how 
patients handled these extra expenditures.  
Opposed to our study, earlier studies on direct and indirect costs due to TB were done in 

low-income countries. While the total direct and indirect costs of our study population 
accounted for approximately 25% of their annual income (€353+€2956/€12000*100%), the 
total costs accounted for a considerable higher percentage in these low-income countries  
(6, 11, 14, 15). For example, a survey in Haiti estimated out of pocket expenses and lost 
income due to TB illness to be 76% of the average per capita income of Haitians, while a 
study from India showed that TB related costs accounted for 40% of the household income 

during TB illness (6, 14). The differences between these studies and ours may be explained 
by different social background, insurance system and a higher income per inhabitant in 
our high income country.  

Although time loss had not affected the income of all interviewed tuberculosis 
patients we did express the loss of time in costs. The height of the indirect costs may 
therefore be an overestimation of the costs faced by the individual patient, since these 
costs are mostly carried by the society. In The Netherlands, the social security system 
provides a benefit to all inhabitants who are jobless. Furthermore individuals who have a 
job and become ill, will mostly receive their regular income. Moreover 57% of the 
interviewed immigrant patients was jobless and a quarter of them attributed their 
unemployment to their tuberculosis illness. An additional ten percent of the employed 
patients reported that their household income decreased due to their TB illness. The 
unemployment rate among TB patients even before their disease is higher than the 
national unemployment rate among non-western immigrants living in The Netherlands 
(16%). This in turn is much higher than that among the autochthonous Dutch population 
(4%). Consequently their estimated income levels differ. Although we studied the TB 

related costs only among immigrant patients, it can be expected that these costs will not 
be much different for other TB patients, since most expenditures were spend on travel 
and food related items. However, when expressed as a percentage of the income, these 
TB related expenditures will be a smaller proportion of the income among the 
autochthonous TB patients.  

Our study had some limitations. First of all our study population, a convenience 

sample of TB patients of the participating centres, was not completely representative for 
all immigrant TB patients. We included younger patients and fewer patients with an 
impaired immunity. Both factors may have lead to an underestimation of the cost 
estimates, since older patients and those who are immunocompromised may have atypical 
presentations of TB, delayed diagnosis and more complex treatment needing more 

medical attention during follow-up. Secondly, many of the interviewed immigrants were 
unable to speak Dutch or English. This made it sometimes difficult to obtain reliable 
information, but on the basis of a face-to-face interview and with the aid of a translator 
the interviewers were still able to obtain detailed information about the patient costs. 
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Face-to-face interviews are a good method to obtain detailed information from the past 
and diminish recall bias (22).  
Lastly, we did not ask for the exact income details. In other studies the Gross National 

Product (GNP) and data from surveys by National Statistics Office were used (6, 12). The 
average income we used in this study may be underestimated since we did not know the 
maximum income in the highest income category. If so, this will have resulted in an 
underestimation of the indirect costs, and have lead to an overestimation of the relative 
direct costs expressed as a percentage of the average income.  
 

 

Conclusion 
In conclusion, this study showed that immigrants with TB are economically burdened in 
The Netherlands. Even in a country with a good health insurance system that covers 
medication and consultation costs, patients do have substantial extra expenditures. TB 
patients are economically vulnerable. 
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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 
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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 



 
General discussion  

 139 

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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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. 
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Samenvatting 
Tuberculose (tbc) is vandaag de dag nog steeds een groot probleem voor de 
volksgezondheid. Naar schatting is een derde van de wereldbevolking geïnfecteerd met de 
bacterie die tuberculose veroorzaakt; Mycobacterium tuberculosis (M. tuberculosis). Naar 

schatting stierven er in 2006 wereldwijd 1,7 miljoen mensen aan tbc. Hoewel Nederland 
behoort tot één van de landen met het laagste aantal tbc-patiënten per hoofd van de 
bevolking is tbc nog niet geëlimineerd. Jaarlijks worden in Nederland rond de 1000 nieuwe 
tbc-patiënten gediagnosticeerd.  
In hoofdstuk 1 van dit proefschrift wordt een algemene introductie gegeven over tbc en 

de verspreiding ervan. Daarnaast wordt in dit hoofdstuk de huidige mondiale 
epidemiologische situatie van tbc beschreven en wordt de huidige situatie in Nederland in 
meer detail besproken.  
 
 

Deel 1 
In het eerste deel van dit proefschrift worden groepen mensen geïdentificeerd waaraan 
meer aandacht besteed zou moeten worden om eliminatie van tbc in Nederland te kunnen 
bereiken.  
 
In hoofdstuk 2 beschrijven we of uitbraken van tbc-patiënten die tot hetzelfde cluster 
behoren al in een vroeg stadium voorspeld kunnen worden. In dit onderzoek maakten we 
gebruik van gegevens uit de Nederlandse Tuberculose Registratie (NTR) en van de DNA 
fingerprint gegevens van de isolaten van tbc-patiënten die in de periode 1993-2004 
gediagnosticeerd waren. Patiënten waarbij de mycobacteriën die in hun sputum 
voorkomen dezelfde DNA fingerprint vertonen, worden als een cluster beschouwd. We 
gaan ervan uit dat deze patiënten recentelijk door elkaar (of een gemeenschappelijke 
bron) besmet geraakt zijn. In dit onderzoek vergeleken we kenmerken van de eerste twee 
patiënten in een kleine cluster episode (2-4 gevallen binnen een periode van 2 jaar) met 
die van grote cluster episodes (>4 gevallen binnen 2 jaar). Het doel van dit onderzoek was 
om grote cluster episodes ofwel ‘uitbraken’ in een zo vroeg mogelijk stadium te kunnen 
voorspellen, daarom werden de karakteristieken van de eerste twee patiënten in een 
cluster bestudeerd als mogelijke voorspellers. Hoewel de genoemde ‘uitbraken’ niet vaak 
voorkomen (in 9% van de geselecteerde cluster episodes), concludeerden wij dat deze 
clusters behoorlijk goed voorspeld kunnen worden door vier onafhankelijke factoren (dit 
bleek uit de oppervlakte onder de ROC-curve; een maat voor het onderscheidend 
vermogen van een model, oppervlakte onder de curve = 0,79, 95% 
betrouwbaarheidsinterval (BI): 0,72-0,85). De belangrijkste voorspellende factor was een 

korte tijd tussen de data van diagnose van de eerste twee patiënten (minder dan 3 
maanden). Daarnaast was er een verhoogde kans op een uitbraak als één van de eerst 
twee patiënten of beiden jonger dan 35 jaar waren, wanneer zij allebei afkomstig waren 
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uit een grote stad en wanneer beide patiënten uit sub-Sahara Afrika afkomstig waren. We 
adviseerden dat nieuwe cluster episodes in Nederland gescreend worden op de gevonden 
risicofactoren. Indien het risico op het ontstaan van een uitbraak verhoogd is, zouden 

gerichte interventies overwogen moeten worden om de kans op verdere verspreiding te 
voorkomen.  
 
In hoofdstuk 3 bepaalden we hoeveel transmissie van tbc in Nederland veroorzaakt wordt 
door patiënten bij wie er in hun sputum geen zuurvaste staafvormige bacteriën 
aangetoond werden oftewel door patiënten die ZN-negatief zijn. Hoewel vooral patiënten 

met ZN-positieve longtuberculose voor verspreiding van de M. tuberculosis zorgen, is 
bekend dat ook patiënten met ZN-negatieve longtuberculose in staat zijn om M. 
tuberculosis te verspreiden. In dit onderzoek werden patiënten geselecteerd die tot een 
DNA fingerprint cluster behoorden waarvan de eerste patiënt longtuberculose had. Daarna 
berekenden we voor alle clusters het aantal “transmissie events” naar vervolggevallen. 
Vervolggevallen waarbij alle voorafgaande patiënten ZN-negatieve tbc hadden werden 
toegeschreven aan ZN-negatieve transmissie. Alle vervolggevallen die gediagnosticeerd 
werden nadat er binnen het cluster een patiënt met ZN-positieve tbc gediagnosticeerd 
was, werden toegeschreven aan ZN-positieve transmissie. In dit onderzoek vonden we dat 
12.6% van de vervolggevallen toegeschreven kon worden aan transmissie door een ZN-
negatieve tbc-patiënt. Gemiddeld veroorzaakten patiënten met ZN-negatieve tbc 
ongeveer een kwart van de hoeveelheid transmissie die door patiënten met ZN-positieve 
longtuberculose veroorzaakt werd (relatieve transmissie ratio=0.24). De bevindingen van 
dit onderzoek onderschrijven het huidige beleid van bron- en contactonderzoek in 
Nederland, dat rondom alle tbc-patiënten uitgevoerd wordt (ongeacht hun ZN-status). Dit 
is in tegenstelling tot de meeste andere landen waar men zich met name richt op het 

diagnosticeren en voorkomen van verspreiding door patiënten met ZN-positieve 
longtuberculose. Landen die hiervoor de mogelijkheid hebben, zouden moeten overwegen 
om hun activiteiten op het gebeid van tbc-bestrijding uit te breiden naar patiënten met 
kweekbevestigde ZN-negatieve longtuberculose.  
 
Hoofdstuk 4 beschrijft een patiënt-controle onderzoek onder immigranten waarin de 

associatie tussen reizen en tbc onderzocht werd. We vergeleken de frequentie en de duur 
van reizen naar het land van herkomst in de voorafgaande 12 maanden tussen volwassen 
tbc-patiënten die geboren waren in Marokko of Turkije en een steekproef van volwassen 
controle personen die ook geboren waren in één van deze twee landen. Reizen bleek een 
belangrijke risicofactor te zijn voor tbc onder Marokkanen, maar niet bij immigranten 

afkomstig uit Turkije. Het risico op tbc was extra hoog onder Marokkanen die 
rapporteerden dat zij minimaal 3 maanden gereisd hadden. Het reisgerelateerde risico op 
tbc leek hoger te zijn voor Marokkanen die in één van de vier grote steden in Nederland 
woonden (odds ratio (OR)=4,5, 95% BI; 1,3-15,6) in vergelijking tot Marokkanen die niet in 



 
Chapter 10 

 152 

één van deze steden woonden (OR=1,7, 95% BI; 0,4-6,8). We berekenden dat 54% van de 
tbc-gevallen die vóórkomen onder Marokkanen, die minimaal 2 jaar in Nederland wonen, 
toegeschreven kan worden aan een recent bezoek aan hun land van herkomst. Het verschil 

tussen Marokkaanse en Turkse immigranten in het risico op tbc dat geassocieerd is met 
reizen is waarschijnlijk het gevolg van het grote verschil in incidentie van tbc in deze 
landen. Dit onderzoek laat zien dat er meer aandacht besteed moet worden aan de 
preventie van tbc onder immigrante reizigers die naar hun land van herkomst reizen.  
 
 

Deel 2 
De onderzoeken die in het tweede deel van dit proefschrift beschreven worden, 
evalueerden het gebruik van twee interferon-gamma release assays (IGRAs). IGRAs zijn 
nieuwe bloedtesten welke een mogelijk alternatief vormen voor de tuberculine huidtest 
(THT) voor het aantonen van een latente tuberculose infectie (LTBI). We bestudeerden of 
deze IGRAs gebruikt kunnen worden voor het voorspellen van actieve tbc onder 

immigranten uit endemische landen. Daarnaast werd de kosteneffectiviteit van mogelijke 
strategieën voor het aantonen van LTBI onder immigranten met elkaar vergeleken. 
Tenslotte bestudeerden we de kosten die immigranten met tbc maken ten gevolge van 
hun ziekte. Behalve het onderzoek beschreven in hoofdstuk 8, zijn deze allemaal 
gebaseerd op een groot prospectief cohort onderzoek, het zogenaamde PREDICT-
onderzoek.  
 
In hoofdstuk 5 worden de baseline resultaten van het PREDICT-onderzoek beschreven. 
Immigranten, die een 1e rings contact waren van een besmettelijke tbc-patiënt, werden 
gevraagd om deel te nemen aan dit onderzoek. Zij ondergingen een tuberculinehuidtest 
(THT), ook wel bekend als de Mantouxtest. Wanneer de reactie van de THT ≥5 mm was, 
werd er ook bloed afgenomen voor de twee IGRAs, QuantiFERON-TB Gold In-Tube (QFT-
GIT) en T-SPOT.TB. In dit onderzoek onderzochten we of een positieve testuitslag van de 
IGRAs en de THT, onder immigranten met recente blootstelling aan een besmettelijke tbc-
patiënt, werd beïnvloed door eerdere (oude) blootstelling aan tbc. Van de 433 
geïncludeerde contacten, hadden 339 (78%) een reactie van ≥5 mm op de THT. Van de 282 

contacten met bruikbare resultaten van alle drie de testen had 85% een positieve THT 
(≥10 mm). De QFT-GIT was positief in 54% van de contacten en de T-SPOT.TB in 60%. Na 
correctie voor leeftijd, geslacht en recent contact, bleek een positieve uitslag van de 
IGRAs en de THT vaker voor te komen bij immigranten die geboren waren in Afrika, met 
name wanneer zij in Afrika ten zuiden van de Sahara geboren waren. In 69 tot 77% van de 
contacten met een positieve uitslag van de IGRAs kon dit resultaat toegeschreven worden 

aan geboorte in een land buiten Europa en Noord-Amerika en dus aan eerdere 
blootstelling (infecties die opgelopen zijn in het verleden). Deze belangrijke bevinding 
laat zien dat een positieve uitslag van de IGRAs, wanneer deze gevonden wordt onder 
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immigranten, niet per definitie toegeschreven kan worden aan een recente infectie. Dit is 
relevant omdat het kosteneffectiever is om personen te behandelen die recent 
geïnfecteerd zijn dan personen die langere tijd geleden een tbc-infectie opgelopen 

hebben.  
 
Hoofdstuk 6 beschrijft de positief voorspellende waarde (PVW) van twee IGRAs voor het 
ontwikkelen van de ziekte tbc in de immigrante contacten van het PREDICT-onderzoek, in 
vergelijking met de THT. Immigrante contacten die een reactie van minimaal 5 mm 
hadden op de THT werden gedurende 2 jaar elke 6 maanden onderzocht op de 

aanwezigheid van klachten en symptomen van de ziekte tbc. Tijdens de 
onderzoeksperiode ontwikkelden 9 van de 339 contacten (2,7%) de ziekte tbc. De THT was 
positief (≥10 mm) bij alle 9 van deze patiënten, terwijl de T-SPOT.TB positief was bij 6 
van de 8 geteste patiënten en de QFT-GIT was positief bij 5 van de 8 geteste patiënten. 
De PVW voor het ontwikkelen van tbc in deze periode was 3,1% wanneer een THT ≥10 mm 
als uitgangspunt gebruikt werd, 3,8% voor THT ≥15 mm, 2,8% voor een positieve QFT-GIT 
en 3,3% voor een positieve T-SPOT.TB. Het ontwikkelen van de ziekte tbc na een positieve 
test uitslag werd niet beter voorspeld door een van beide IGRAs in vergelijking met de 
traditionele THT wanneer deze testen toegepast werden bij immigranten. De hoge 
incidentie van actieve tbc in deze populatie geeft wel aanleiding tot het overwegen van 
preventieve maatregelen onder immigrante contacten.  
 
In hoofdstuk 7 beschrijven we de kosteneffectiviteit van verschillende strategieën om 
LTBI aan te tonen bij immigranten. Aan de hand van een beslisboom model werden de 
geschatte kosten en het aantal tbc-patiënten dat voorkómen had kunnen worden binnen 
een periode van 2 jaar voor verschillende strategieën met elkaar vergeleken. Benodigde 

gegevens voor het model waren afkomstig uit het PREDICT-onderzoek en uit de literatuur. 
De volgende vijf strategieën voor het aantonen van LTBI werden vergeleken met de 
huidige praktijk waarbij immigranten in een contactonderzoek alleen onderzocht worden 
op de aanwezigheid van de ziekt tbc met behulp van een röntgenfoto: 1) THT, 2) QFT-GIT, 
3) T-SPOT.TB, 4) QFT-GIT na een THT ≥5 mm, 5) T-SPOT.TB na THT ≥5 mm. Uit dit 
onderzoek bleek dat het toepassen van de THT als diagnostische test voor het aantonen 

van LTBI niet alleen de meest effectieve methode is, maar ook de meest kosteneffectieve 
methode. De kosten voor het onderzoeken en preventief behandelen van een cohort van 
1000 contacten waren naar schatting €24.109 hoger dan de kosten van de huidige 
strategie waarbij immigranten alleen onderzocht worden op de aanwezigheid van de 
ziekte tbc. Echter, er zouden gemiddeld 8,82 tbc-patiënten per 1000 contacten 

voorkomen worden indien de THT als diagnostische test toegepast zou worden en 
contacten met een positieve THT een preventieve behandeling zouden krijgen. De kosten 
om één tbc-patiënt te voorkomen indien de THT met een afkapwaarde van 10 mm 
toegepast zou worden werden geschat op €2.733. We concludeerden dat het de moeite 
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waard is om immigranten die deelnemen aan een contactonderzoek ook te onderzoeken 
op de aanwezigheid van LTBI en dat dit economisch het meest aantrekkelijk is wanneer 
hiervoor de THT gebruikt wordt.  

 
Hoewel de meeste kosten voor tbc betaald worden door de overheid, samenleving of de 
gezondheidszorg, maken patiënten met tbc zelf ook kosten als gevolg van hun ziekte. In 
hoofdstuk 8 beschrijven we de directe en indirecte kosten van immigranten met tbc in 
Nederland. Immigranten met tbc rapporteerden dat zij gemiddeld €353 aan directe kosten 
maken als gevolg van hun ziekte. De meeste kosten werden gemaakt tijdens 

ziekenhuisopnamen. Verder rapporteerden patiënten dat zij gemiddeld 81 dagen 
tijdverlies hadden, welke met name het gevolg waren van ziekenhuisopnamen (19 dagen) 
en verloren werkdagen ten gevolge van hun ziekte (60 dagen). Omgerekend bedroegen de 
kosten voor tijdverlies €2.603. We concludeerden dat patiënten met tbc aanzienlijke 
extra kosten maken, zelfs in een land als Nederland met een goed gezondheidssysteem en 
waar de meeste kosten voor tbc gedekt worden door de ziektekostenverzekering.  
 
In hoofdstuk 9 worden de belangrijkste uitkomsten uit dit proefschrift besproken, evenals 
de gevolgen van de gevonden resultaten voor de tbc-bestrijding in Nederland. Tenslotte 
worden suggesties gedaan voor toekomstig onderzoek. 
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Dankwoord 
Tijdens mijn studie zijn een aantal mensen van grote invloed geweest op het aanwakkeren, 
en stimuleren van mijn interesse in de infectieziekten. Zij staan aan de bron van dit 
proefschrift, omdat ik zonder hun invloed nooit gesolliciteerd zou hebben naar deze 

onderzoeksplek. Teun Bousema, als jonge onderzoeker wist je me door je smeuïge 
verhalen (en plaatjes!) voor onderzoek naar tropische infectieziekten te interesseren. 
Gedurende mijn stage bij Rob van Hest op de GGD Rotterdam kwam ik in aanraking met 
tuberculose en de bestrijding daarvan in Nederland. Rob, door je overmatige 
enthousiasme leerde ik dat tuberculose ‘hot’ is, en je zelfs in Nederland interessant 

onderzoek hiernaar kun doen van internationaal belang. Dankzij Reinout van Crevel en 
Teun kon ik onderzoek doen in Indonesië, labervaring opdoen en alles leren over cytokines 
en het doen van ELISA’s; waardoor ik niet helemaal groen begon bij de IGRA-studies in dit 
proefschrift.  
 
Aan de voltooiing van dit proefschrift heeft een groot aantal mensen bijgedragen. 

Allereerst, wil ik mijn promotor Martien Borgdorff bedanken. In het begin van mijn 
promotietraject maakte je een carrièreswitch en werd je directeur bij KNCV 
Tuberculosefonds. Gelukkig bleef je interesse op het gebied van onderzoek groot. Je was 
altijd bereid mee te denken en volgde de grote lijnen van mijn onderzoeken goed. Vaak 
waren het kleine opmerkingen waarmee je me weer verder aan ’t denken zette om net 
iets meer uit de studies te halen. Bedankt voor je opbouwende en motiverende manier 
van begeleiden, je snelle reacties maar vooral de zelfstandigheid en het vertrouwen dat 
je me gaf om dit proefschrift af te ronden.  
 
Suzanne Verver, bedankt dat ik jou als mijn co-promotor mocht hebben. Door je 
optimistische, enthousiaste en praktische aanpak, leerde je me obstakels (die ik vooral 
zelf zag) te overwinnen. Vaak wist je op het juiste moment of het tijd was voor 
inhoudelijk advies, een motivatiepraatje of een strengere planning. Bedankt dat je altijd 
voor me klaarstond.  
 
Frank Cobelens, je bent bij een groot deel van de onderzoeken betrokken geweest. Ik heb 

veel geleerd van jouw ‘geschoolmeester’ in mijn teksten. Bedankt voor je toezicht op de 
methodologische aspecten en het delen van je scherpe blik waardoor mijn horizon 
verbreed werd.  
 
Soms leek het alsof ik een heel dozijn co-promotoren tot mijn beschikking had, bestaande 
uit alle senior epidemiologen van de unit onderzoek, die in de loop van de jaren meer dan 

verdubbelde in aantal. Marieke van der Werf, Frank van Leth, Susan van den Hof, Eveline 
Klinkenberg, Edine Tiemersma, Ellen Mitchell en Masja Straetemans bedankt voor jullie 
adviezen, input in discussies over mijn onderzoeken, het doorlezen van mijn laatste 
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hoofdstukken en de gezellige (vrijdagochtend) koffiepraatjes. Elly van Leeuwen, Marianne 
Haasnoot en Carla Lanen wil ik bedanken voor al hun hulp bij vele praktische zaken, maar 
vooral voor jullie luisterend oor en gezellige praatjes als ik even afleiding nodig had.  

 
Gelukkig kwamen er ook andere promovendi hun onderzoek afmaken of beginnen bij KNCV 
Tuberculosefonds. Door de komst van Saskia den Boon, Marleen Vree en later Christiaan 
Mulder was ik niet meer de enige promovendi binnen de unit, en kon ik met jullie 
ervaringen, lichte frustraties en handige weetjes delen wat ik zeer gewaardeerd heb.  
 

Nico Kalisvaart, jij vormt de brug tussen de unit onderzoek en de unit nationaal. Bedankt 
voor je hulp bij het aanleveren en koppelen van gegevens uit de Nederlandse Tuberculose 
Registratie. Alle onderzoeken uit dit proefschrift hebben daar in meer of mindere mate 
baat bij gehad!  
 
Collega’s van de unit nationaal zorgden ervoor dat bij het uitdenken van nieuwe 
onderzoeken de praktijk van de tbc-bestrijding niet uit het oog verloren werd; zij waren 
een graag gebruikt klankbord. Connie Erkens, bedankt dat je deur altijd open stond en je 
altijd bereid was om mee te denken. Vincent van Kuyvenhoven, Paul van Gerven, Baukje 
Vegter, Marushka Šebek, Niesje Jansen bedankt voor het delen van jullie inzichten. 
Overige collega’s van KNCV Tuberculosefonds; bedankt voor jullie belangstelling, de 
prettige werksfeer, het verzorgen van literatuur, en het meevieren van nieuwe publicaties 
en andere hoogtepunten. 
 
Wat dit promotieproject interessant maakte, was de samenwerking met anderen. 
Allereerst de GGD’en die deelnamen aan één of meerdere van de onderzoeken in dit 

proefschrift. Zonder de bijdragen van vele artsen, sociaal verpleegkundigen en medische 
technisch medewerkers was dit boekje grotendeels leeg geweest. Het spanningsveld 
tussen de directe patiëntenzorg en het doen van wetenschappelijk onderzoek was soms 
lastig. Ik wil jullie erg bedanken voor jullie deelname, jullie hulp bij het nazoeken van 
ontbrekende gegevens, het nabellen van deelnemers die niet meer verschenen op 
vervolgbezoeken, en de gezellige GGD-bezoeken tijdens het monitoren van de 

onderzoeken. In het bijzonder wil ik de mensen die namens de GGD’en deelnamen aan het 
PREDICT-overleg bedanken voor de nuttige discussies en het uitwisselen van ervaringen; 
Marlies Mensen, Jan Reijnders, Erik Huisman, Arjanne van Nes, Harry de Lange en Daniëlle 
van Eijk.  
 

Ook wil ik graag alle tuberculose patiënten en contacten bedanken die aan de studies in 
dit proefschrift deelnamen, toestemming gaven voor het gebruik van hun gegevens, de 
tuberculinehuidtest en bloedtesten ondergingen en terugkeerden voor de controles naar 
de GGD’en. 
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Dan waren er de echte ‘IGRA-experts’ bij het LUMC. Sandra Arend, je passie voor je vak is 
bewonderenswaardig. Bedankt voor je enthousiaste betrokkenheid bij het PREDICT-

onderzoek. Willeke Franken, mijn mede ‘PREDICT-maatje’. We werden een steeds beter, 
en vooral gezelliger team. Bedankt voor het delen van de hoogte en diepte punten van het 
onderzoek doen en promovendischap. Nu is het eindelijk écht tijd voor champagne! 
 
De ‘kosten-experts’ van het ErasmusMC: Jan Hendrik Richardus, Frans Rutten en Suzanne 
Pollinder wil ik graag bedanken voor het verrijken van mijn kennis over onderzoek doen 

naar kosten effectiviteit.  
 
De ‘moleculaire-experts’ van het Nationaal Mycobacteriën Referentie Laboratorium van 
het RIVM: Dick van Soolingen, Kristin Kremer en Petra de Haas wil ik bedanken voor hun 
bijdragen aan de transmissie studies. 
 
De leden van de adviescommissie wil ik bedanken voor het bewaken van de voortgang van 
het hele ZonMw-project en de nuttige aanvullen die uit haar vergaderingen voortkwamen.  
 
Verschillende studenten droegen tijdens hun stage bij aan één van de onderzoeken uit dit 
proefschrift: Jonie, Sandra, Marloes en Linda heel erg bedankt. 
 
Dr. Dick Menzies, I would like to thank for his invitation to participate in his multinational 
patient cost study and his support in analyzing and publishing the data of The Netherlands.  
 
Wat fijn dat er ook andere jonge infectieziekten epidemiologen en vrienden waren. De 

Londense weekendjes met Rein en Marlieke heb ik enorm gewaardeerd en zorgend voor 
nieuwe energie en idealen. Alma, het was een hele leuke ervaring om ook na onze studie 
weer met elkaar samen te kunnen werken. Ik kijk vol spanning uit naar jullie boekjes. 
 
Andere vrienden; Hendrika, Floor, Noor, en volleybalgenoten zorgden voor de nodige 
welkome afleiding, ontspanning en inspanning waardoor het promotiewerk even op de 

achtergrond verdween. Chantal, bedankt voor het meeleven en de gezelligheid thuis; ook 
heel belangrijk!  
 
Krista en Mirjam bedankt dat jullie straks als mijn paranimfen naast mij staan. Krista, als 
niet-studievriendin, wist jij toch als één van de beste wat het promoveren met zich mee 

bracht. Bedankt voor je vriendschap die ook gewoon bleef als we elkaar niet elke week 
spraken. 
Mirjam, dat jij naast mij zou staan stond al vanaf ’t begin vast. Wat fijn dat ik zoveel met 
je kan delen en je aan een half woord genoeg hebt. Tijdens onze wandelingen konden we 
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ongestoord alle promotie perikelen en epidemiologische problemen weer op een rijtje 
zetten. Bedankt voor je fijne vriendschap.  
 

Gerrit, Nienke, Lobke, Floor en Mattijs, bedankt voor jullie belangstelling en de nodige 
blootstelling aan ‘Giermannen’ tijdens Menno’s afwezigheid. 
 
Op enige afstand volgden mijn ouders en zusje het hele traject en zorgden vooral voor de 
mentale steun en liefde. Christine en Ryan, bedankt voor jullie gezellige afleiding en 
relativering. Pap en Mettie, bedankt voor jullie betrokkenheid. Mams, bedankt voor je 

luisterend oor waar ik nog steeds graag gebruik van maak!  
 
Menno, I saved the best for last! Danzij jouw onuitputtelijke optimisme, je soms strenge 
toespraken, het meelezen met alle (!) stukken, kwam het einde van dit proefschrift steeds 
meer in zicht. Bedankt voor je onvoorwaardelijke geloof dat het goed zou komen. Ik kijk 
uit naar alle nieuwe avonturen die ik graag samen met je ga beleven.  
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Curriculum Vitae 
Sandra Kik was born on March 20, 1980 in Utrecht, The Netherlands. In her youth she 
moved to Drachten, where she graduated in 1998 from the Christelijke 
Scholengemeenschap Liudger. 

In 1998 she moved to Nijmegen, where she obtained her propaedeutics of the study 
Social Pedagogic Health worker. In 1999 she started her studies in Biomedical Health 
Science at the Radboud University Nijmegen. She obtained her Master of Science degree in 
2004 with a specialization in Epidemiology. Sandra developed a special interest in 
infectious diseases and international health. During these years she completed three 

research internships, on 1) the hepatotoxic side effects of preventive treatment for 
tuberculosis (GGD Rotterdam), 2) the effect of exposure to pesticides on reproduction 
(Department of Epidemiology and Biostatistics, Radboud University Nijmegen) and 3) the 
influence of intrauterine growth retardation on survival, morbidity and mortality of young 
adults in West-Java (Hassan Sadikin Hospital, Bandung and Department of Internal 
Medicine, Radboud University Nijmegen). Moreover she studied for 2-months in Tanzania 

as part of a community health rotation project. After her graduation she started working 
as a PhD student at the University of Amsterdam and KNCV Tuberculosis Foundation which 
resulted in the work described in this thesis.  

She lives in the The Hague, but travels regularly to Nigeria where her partner lives. 
She is keen on playing volleyball, running, babysitting and traveling around the world. 
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