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Tuberculosiss is an infectious disease caused by Mycobacterium tuberculosis. 
Itt can affect both the lungs (pulmonary disease) and other parts of the body 
(extrapulmonaryy disease). Worldwide, tuberculosis is a major public health 
problem.. Every year approximately two million people die of tuberculosis. In 
Thee Netherlands, however, tuberculosis is in its elimination phase: in the last 
yearss there are only around 1500 new patients a year. Research on the 
transmissionn of M. tuberculosis is possible through DNA fingerprinting. 
However,, controversies still remain regarding the interpretation of DNA 
fingerprintingg results and the application of DNA fingerprinting in 
epidemiologicall research. 

Thee general introduction (Chapter 1) discusses tuberculosis as a public 
healthh problem, the epidemiology of tuberculosis, tuberculosis control, how 
too study the transmission of M. tuberculosis, the technical background of 
DNAA fingerprinting, and the application of one specific fingerprinting 
technique,, \S6110 restriction fragment length polymorphism (RFLP) typing. 

Forr the interpretation of RFLP typing, the stability of \S6110 RFLP patterns 
overr time is crucial, as instability of the patterns may lead to an 
underestimationn of ongoing transmission, and long-term stability may lead to 
ann overestimation of transmission. Therefore, we studied the stability of 
\S6110\S6110 RFLP patterns over time (Chapter 2). We quantified the probability of 
changess occurring in \S6110 RFLP patterns over time analysing serial isolates 
off M, tuberculosis from 546 patients from the period mid-1986 to December 
1996.. For two patients, the RFLP patterns of the repeat isolates were so 
differentt from the primary isolate that we concluded that this was due to re-
infection.. Excluding these patients, 25 out of 544 patients (4.6%) had repeat 
isolatess with RFLP patterns that differed from the patterns of the primary 
isolates.. Changes in these variant strains were minor. We assumed that the 
decayy of RFLP patterns is exponential, that the rate of change of RFLP 
patternss of M. tuberculosis is constant, and that the changes in RFLP 
patternss occur between the dates primary and repeat isolates were 
obtained.. With these assumptions we calculated a probabilityy during the first 
threee months after diagnosis of finding indistinguishable RFLP patterns in 
At.. tuberculosis isolates from the same patient, which could be extrapolated 
too a half-life of the \S6110 RFLP of M. tuberculosis of 3.2 years (CI95%:2.1-
5.0).. This half-life supports the appropriateness of \S6110 RFLP typing for 
detectingg ongoing transmission. The association between variant 
M.M. tuberculosis isolates and extrapulmonary disease suggested that the 
molecularr clock could vary for different growing conditions of the bacteria. 

Whenn screening \S6110 RFLP patterns of M. tuberculosis isolates to identify 
ongoingg transmission, a practical problem arises with the interpretation of 
low-intensityy bands (LIBs). Therefore, we assessed the nature and the 
routinee assessment of LIBs in IS6/Ï0 RFLP patterns (Chapter 3). Two 
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fingerprintt readers independently studied 1277 \S6110 RFLP patterns, 
routinelyy obtained in the period from June 1997 to May 1998, for the 
presencee of LIBs. An experienced third reader assessed the identified LIBs. 
Multiplee banded background patterns, indicative of multiple infections, were 
nott found. LIBs were detected in 94 of 1277 RFLP patterns (7.4%). Inter-
readerr agreement on LIBs in RFLP patterns was low. Because of the 
subjectivee assessment of LIBs, we constructed objective criteria for the 
assessmentt of LIBs: bands with a height of >15% of the average height of all 
bandss in the RFLP pattern should be considered as normal intensity bands, 
bandss with a height of 10 to 15% of the average band height should be 
labelledd as LIB, and bands with a height of <10% of the average band height 
shouldd not be registered as bands. Of course, the interpretation of LIBs 
influencedd the percentage of M. tuberculosis isolates considered identical. 
Thee nature of LIBs was investigated through \S6110 RFLP typing of single-
colonyy cultures (SCCs) of isolates with LIBs in their RFLP patterns and 
throughh experiments in which DNA from two different M. tuberculosis 
isolatess were mixed. RFLP typing of SCCs showed that LIBs in RFLP patterns 
cann be explained by the presence of two bacterial populations. This suggests 
thatt changes in \S6110 RFLP occur as gradual shifts in the bacterial 
populationss in a patient. A second strain could be detected if 10 to 30% or 70 
too 90% of the DNA necessary for RFLP typing originated from a second strain. 

Ass the National Institute of Public Health and the Environment (RIVM) 
routinelyy tests M. tuberculosis isolates submitted by 44 peripheral 
laboratoriess in The Netherlands, RIVM can detect false-positive test results 
basedd on the interpretation of \S6110 RFLP patterns of M. tuberculosis. We 
combinedd these test results with laboratory and patient information and 
studiedd risk factors for and consequences of false-positive M. tuberculosis 
culturess (Chapter 4). By definition, a culture was false-positive (i) if the DNA 
fingerprintt of the isolate was identical to that of an isolate of another 
patientt processed within 7 days in the same laboratory, (ii) if the isolate was 
takenn from a patient without clinical signs of tuberculosis, and/or (iii) if the 
false-positivee test result was confirmed by the peripheral laboratory and /or 
thee public health tuberculosis officer. The incidence of false-positive 
M.M. tuberculosis cultures in the period from 1993 to 2000 was 213 out of 8889 
isolatess (2.4%). The overall incidence of false-positive cultures decreased 
overr the years, from 3.9% in 1993 to 1.1% in 2000. Advice on the prevention 
off laboratory cross-contamination and the feedback from RIVM to peripheral 
laboratoriess may have helped to reduce the incidence of false-positive 
cultures.. With questionnaires to peripheral laboratories, we studied possible 
riskk factors for false-positive cultures. Laboratories with false-positive 
culturess more often processed less than 3000 samples per year (P<0.05). In 
thee period from 1995 to 1999, 119 patients had a false-positive culture. With 
aa questionnaire to the public health services, we obtained information about 
1100 patients with a confirmed false-positive culture. Of these, 40 (36%) were 
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officiallyy notified to the Dutch Inspectorate of Health, 34 (31%) were 
treated,, and 15 (14%) were hospitalised. A contact investigation had been 
initiatedd for 18 (16%) of the 110 patients. So, although false-positive test 
resultss only affected a few patients, they had serious consequences for 
individuall patients and their environment. This study showed that the 
applicationn of DNA fingerprinting to identify false-positive M. tuberculosis 
culturess and feedback to peripheral laboratories are useful instruments to 
improvee the quality of laboratory processes and the quality of medical care. . 

Becausee knowledge on the relative contribution of re-infection to overall 
tuberculosiss morbidity has implications for tuberculosis control, we used 
RFLPP typing to study exogenous re-infection as a cause of recurrent 
tuberculosiss (Chapter 5 and 6). In Chapter 5 we used historical patient data 
andd recent DNA fingerprint results of M. tuberculosis isolates to estimate the 
proportionn of disease attributable to recent re-infection among Dutch 
tuberculosiss patients who were diagnosed during the period from 1994 to 
19977 and who reported experiencing tuberculosis infection or disease before 
1981.. We limited the analysis to Dutch patients, because data on previous 
tuberculosiss infection or disease were much more complete for this group 
thann for non-Dutch. We studied data on 1547 Dutch patients diagnosed 
betweenn 1994 and 1997. Cases with reported tuberculosis infection or 
diseasee before 1981 were attributed to reactivation if their M. tuberculosis 
isolatee was unclustered based on DNA fingerprinting or if they were the first 
casee in a cluster, and to re-infection if they were clustered, but not as the 
firstt case. In total, 183 Dutch tuberculosis patients (12%) had reported 
tuberculosiss infection or disease before 1981. Tuberculosis in 29 of these 
patientss (16%) was attributed to recent re-infection, and it is likely that this 
iss a conservative estimate. Contact information confirmed re-infection for 
eightt of these 29 patients (28%). Re-infection cases were younger than 
reactivationn cases. This may reflect the relative strength of the immune 
responsee in younger people or the higher probability of becoming infected 
withh M. tuberculosis because younger people have more social contacts, or a 
specificc selection of patients with a behaviour exposing them to tuberculosis 
casess and therefore to an increased risk of re-infection. In The Netherlands, 
approximatelyy one in six new disease episodes among patients with previous 
tuberculosiss infection or disease may be attributable to recent re-infection. 
Therefore,, re-infection needs to be taken into account when studying 
tuberculosiss epidemiology and organising tuberculosis programmes, even in 
settingss with a low incidence of tuberculosis. Chapter 6 describes an attempt 
too identify recurrent tuberculosis after cure based on serial isolates. In all, 
twoo out of 546 patients with serial isolates in the period from mid-1986 to 
Decemberr 1996 had isolates that were completely different, suggesting re-
infection.. However, limiting the study to patients with relapse after cure 
reducedd the power of the study so much, that only six patients (all 
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reactivationn cases) could be included. This rendered this approach 
unsuccessful. . 

Mathematicall modelling has indicated that defaulting from treatment results 
inn transmission of M. tuberculosis. Therefore, knowledge on the impact of 
defaultingg from treatment on transmission has implications for tuberculosis 
control.. In Chapter 7 we used RFLP typing results to provide direct evidence 
fromm an observational study on transmission of M. tuberculosis attributable 
too defaulting from treatment. In a case-control study we estimated the 
impactt of defaulting from treatment on transmission of M. tuberculosis in 
Thee Netherlands in the period from 1993 to 2000. We identified 195 Dutch 
andd 192 non-Dutch index cases: first cases of a cluster of patients whose 
M.M. tuberculosis isolates had identical DNA fingerprints and whose 
consecutivee cases were identified at least three months after the first. As 
controlss we selected 851 Dutch and 1100 non-Dutch patients whose isolates 
hadd unique DNA fingerprints. Thirteen Dutch index cases (6.7%) and 22 
controlss (2.6%) defaulted. Twelve non-Dutch index cases (6.3%) and 82 
controlss (7.5%) defaulted. When adjusting for age, smear positivity and 
lengthh of treatment, defaulting from treatment in Dutch patients was 
associatedd with being an index case (odds ratio 10.6, CI95%: 3.1-36.2). 
Amongg non-Dutch patients the adjusted odds ratio was 2.1 and not 
significant.. In addition, defaulting from treatment was associated with drug-
resistancee in secondary patients, but this was not statistically significant. 
Withh molecular epidemiology we found that defaulting from treatment can 
leadd to secondary transmission of M. tuberculosis and probably also to 
primaryy drug-resistance in secondary patients. Our findings stress the 
importancee of promoting treatment adherence and completion. 

Thee general discussion (Chapter 8) addresses different aspects of the 
stabilityy of RFLP patterns of M. tuberculosis: how stability relates to genetic 
heterogeneity,, if it varies for isolates from different settings, if it varies for 
isolatess with different numbers of bands in the patterns, if the rate of 
changee is constant over time, and what is known about the stability of RFLP 
patternss in transmission chains. The importance of a correct interpretation 
off \S6110 RFLP patterns of M. tuberculosis is discussed in relation to false-
positivee M. tuberculosis cultures. An evaluation of methodological issues 
whichh are important in the epidemiological studies in this thesis covers case 
ascertainment,, time windows and the definition of clustering. This is 
followedd by a discussion of the studies on exogenous re-infection with 
M.M. tuberculosis and on defaulting from treatment. The general discussion 
endss with an overview of the benefits of RFLP typing of M. tuberculosis 
isolatess for tuberculosis control in The Netherlands. 
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