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INTRODUCTION N 

Thiss thesis combines studies on the interpretation and the application 
off RFLP typing of M. tuberculosis from an epidemiological perspective. 

Thee first study on the interpretation of RFLP typing addressed the 
stabilityy of \S6110 RFLP patterns over time. The probability over time 
thatt changes in \S6110 RFLP patterns occur was estimated and possible 
factorss associated with instability were studied. The second study on 
thee assessment of RFLP typing included the prevalence, nature and 
practicall interpretation of low-intensity bands in the \S6110 RFLP 
patterns.. In the third study, based on the interpretation of \S6110 
RFLPP patterns of M. tuberculosis, false-positive test results were 
identified.. Combining these test results with laboratory and patient 
information,, risk factors for and consequences of false-positive M. 
tuberculosistuberculosis cultures were studied. 

Thee application of RFLP typing of M. tuberculosis was the basis of the 
otherr studies in this thesis. First, exogenous re-infection as a cause of 
recurrentt tuberculosis was studied, adding direct evidence from 
observationall data to the mathematical modelling results which had 
indicatedd that exogenous re-infection may cause a considerable 
proportionn of tuberculosis morbidity. Second, the impact of defaulting 
fromm treatment on the transmission of M. tuberculosis was studied in a 
case-controll study. 

Thiss chapter discusses the implications and shortcomings of the 
studiess outlined above. In particular, different aspects of the stability 
off RFLP patterns of M. tuberculosis are addressed. In addition, 
methodologicall issues which are important for the epidemiological 
studiess in this thesis are discussed. 

THEE INTERPRETATION OF \S6110 RFLP PATTERNS OF 
M.M. TUBERCULOSIS 

Ann estimate of the molecular clock of \S6110 RFLP patterns 

Thee study on the molecular clock of \S6110 RFLP patterns of 
M.M. tuberculosis based on serial patient isolates (Chapter 2) showed 
thatt 4.6% of follow-up isolates had RFLP patterns which differed from 
thee initial isolates. Changes in RFLP patterns were positively 
associatedd with extrapulmonary disease and unclustered isolates, 
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whichh could suggest that the growing conditions of the bacteria affect 
thee stability of \S6110 RFLP of M. tuberculosis. The main implication 
off this study is that the half-life of \S6110 RFLP of M. tuberculosis, 3.2 
years,, supports the appropriateness of \S6110 typing in 
epidemiologicall studies of ongoing transmission of tuberculosis. 

AA major concern regarding the use of genetic typing methods in 
epidemiologicall studies of tuberculosis is that the processing of the 
M.M. tuberculosis culture may trigger genetic changes in the bacterial 
population.. For instance, before the actual \S6110 RFLP typing takes 
place,, the M. tuberculosis isolate that the peripheral laboratory 
obtainedd by culturing a patient sample, is recultured to obtain 
sufficientt quantities of DNA for the RFLP typing. If the amount of DNA 
iss not sufficient after the first time the M. tuberculosis isolate was 
recultured,, the culturing is repeated, until a sufficient amount of DNA 
iss obtained. This means in practice that the DNA used for the \S6110 
RFLPP typing is obtained after culturing a patient isolate at least two 
times.. As during a rapid growth phase it is likely that part of the 
bacteriall population undergoes genetic rearrangements, it is possible 
thatt the culturing in itself is a trigger for changes to occur. A genetic 
typingg method that directly targets DNA present in the clinical 
sample,, such as spoligotyping, could be a worthwhile alternative for 
thee current \S6110 RFLP typing. Unfortunately, spoligotyping is not 
sufficientlyy discriminatory to be the typing method of choice. The new 
PCR-basedd typing method which uses the variable-number tandem 
repeatss of mycobacterial interspersed repetitive units (MIRU-VNTR 
typing)) is very promising [1], but it is not as easy to perform as 
spoligotypingg [2]. Furthermore, it will exhibit the same drawbacks of 
forr instance inhibition of the PCR when applied directly to clinical 
material. . 

Chapterr 2 describes that changed RFLP patterns were more common 
forr extrapulmonary than for pulmonary isolates. However, an 
experimentall study would need to be carried out to determine to what 
extentt adverse bacterial conditions can stimulate transpositional 
events.. It has been shown before that anaerobic conditions stimulate 
mutationss in M. tuberculosis in vitro [3]. It has also been suggested 
thatt certain M. tuberculosis strains are more likely to change than 
otherss [4]. An experiment, culturing isolates under anaerobic and 
aerobicc conditions, should be carried out with specific M. tuberculosis 
genotypes,, e.g., with the Beijing strain. After a time period of several 
weeks,, the RFLP patterns of M. tuberculosis isolates that grew under 
aerobicc and under anaerobic conditions would need to be compared to 
thosee of the original strain to see if the anaerobic conditions led to 
moree changed RFLP patterns. Other adverse bacterial conditions that 
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couldd be studied are antibiotic pressure and increased levels of 
immunoglobulins. . 

Thee stability of RFLP patterns in relation to genetic 
heterogeneity y 

Thee study on the genetic heterogeneity in M. tuberculosis isolates 
(Chapterr 3) showed that low-intensity bands in \S6110 RFLP patterns 
cann represent mixed bacterial populations with slightly different RFLP 
patterns.. It is possible that these low-intensity bands reflect a gradual 
changee of the bacterial population in the human body over time. This 
wouldd be consistent with the association between low-intensity bands 
andd a higher patient age. It is also possible that these low-intensity 
bandss reflect an IS67 70-mediated genetic adaptation of 
M.M. tuberculosis to changes in the environmental conditions during the 
dormantt state or reactivation thereafter. This would imply a role of 
\S6110\S6110 as a driving force for evolution. 

Inn this study we assumed that the quality of \S6110 RFLP typing was 
good,, e.g., that DNA was completely and evenly transferred during 
blotting.. We showed that the routine interpretation of RFLP patterns 
withh low-intensity bands is not standardised, resulting in an 
overestimationn of the amount of clustering. We therefore recommend 
thatt bands with an intensity of more than 15% of the average intensity 
aree to be considered as normal intensity bands, and bands with an 
intensityy of less than 10% of the average intensity as no bands. Bands 
withh an intensity of 10-15% of the average intensity should be labelled 
ass low-intensity bands, and isolates with such bands ideally need to be 
fingerprintedd again to find the originating patterns. Comparisons with 
otherr RFLP patterns would need to be made based on all originating 
patterns. . 

Inn the study on genetic heterogeneity of M. tuberculosis it was found 
thatt certain DNA fragment sizes are more often represented as low-
intensityy bands in the \S6110 RFLP pattern than others. That some DNA 
fragmentt sizes are not often represented as low-intensity bands could 
bee related to the preferential insertion sites for \S6110 [5-7]. Knowing 
thee complete sequence of the M. tuberculosis genome [8], it would be 
worthwhilee to study the genomic regions flanking the \S6110 insertion 
sitess of the DNA fragment sizes that are often represented as low-
intensityy bands. Such a study could determine whether the variability 
off these fragments has any functional implications, e.g., whether 
certainn coding regions are interrupted or genes are over- or 
underexpressedd which may explain the adaptation of M. tuberculosis 
too certain conditions. 
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Thee combined results of the study on the low-intensity bands in RFLP 
patternss of M. tuberculosis and on the stability of the RFLP patterns of 
M.M. tuberculosis suggest that an original homogenous population of 
M.M. tuberculosis bacteria can be gradually replaced by mutant 
bacteria.. The mutations in bacterial populations of M. tuberculosis 
resultt in a different DNA fingerprint pattern for a part of a given 
M.M. tuberculosis population compared to the predominant pattern of 
thee larger part of that bacterial population. If a part of a population is 
typed,, only the DNA fingerprint pattern of that part of the population 
iss revealed [9]. 

Thee stability of RFLP patterns of isolates from different settings 

Althoughh it has been suggested that different strains may have a 
differentt molecular clock, e.g., that particular multi drug resistant 
M.M. tuberculosis strains may evolve too fast for \S6110 RFLP typing to 
bee useful to identify links between patients [4], we found that the 
stabilityy of RFLP patterns of M. tuberculosis in data sets on serial 
patientt isolates from other settings was not different from ours. For 
thiss ecological analysis we used data sets from The Netherlands (514 
patients)) [10], Denmark (119 patients), Germany (56 patients) [11], 
thee United States of America (49 patients) [12], Spain (27 patients), 
Austriaa (15 patients), and Belgium (9 patients) [13]. The probability of 
changess in RFLP patterns over time was estimated using exponential 
survivall analysis, assuming a constant rate of change and assuming 
thatt changes in the fingerprint pattern occurred between the date of 
thee initial isolate and the date of the follow-up isolate. Although the 
mediann time intervals between serial isolates, the relative number of 
drugg resistant and extrapulmonary isolates differed, the estimated 
half-lifee of RFLP patterns did not differ between these settings. This 
suggestss that the probability of changes in RFLP patterns over time is 
nott associated with these factors. This is in contrast with the findings 
inn Chapter 2. 

Thee stability of RFLP patterns and number of bands in the 
patterns s 

Itt has been suggested that the number of \S6110 copies (bands) in the 
\S6110\S6110 RFLP pattern of M. tuberculosis influences the rate of change 
off RFLP patterns, i.e. that isolates with a high number of \S6110 
copiess are more likely to change than isolates with a low copy number 
RLFPP pattern [14]. When data from The Netherlands, Denmark, 
Germany,, the United States, Spain, Austria and Belgium were analysed 
togetherr [13], it was found that the molecular clock of RFLP patterns 
didd not differ between isolates with a low, medium and high copy 
numberr isolates. Also when the number of copies was added as a 
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confounderr to the model which estimates the probability of changes in 
RFLPP patterns over time, the fit of the resulting model did not 
improvee compared to the original model without the number of 
copies. . 

Iss the rate of change constant over time? 

Ourr assumption that the rate of change of RLFP patterns is constant 
overr time has recently been under debate. It is thought that changed 
RFLPP patterns constitute part of the overall bacterial population or 
thatt the rate of change is proportional to the growth rate of 
mycobacteria.. If the latter is true, changes in RFLP patterns result 
fromm changes during the rapid growth of the bacteria, i.e., during the 
earlyy stages of the infectious period. Modelling the probability of 
changee with a smooth non-parametric model in several data sets, a 
modell which assumes an instantaneous change at time zero, followed 
byy a zero rate of change, was found to suit the data best. If this 
theoryy is correct, the rate of change during latency may be close to 
zeroo [15], but much higher during the revival of bacteria thereafter, 
whenn adaptation to the environment is most crucial. 

Anotherr study also focused on the rate of change related to the 
growthh rate of mycobacteria. In a study on 349 South African patients 
withh serial M. tuberculosis isolates, the half-life of \S6110 RFLP 
patternss observed in this group was 0.6 years for serial isolates 
spanningg less than 21 days (group 1) and 10.7 years for serial isolates 
spanningg more than 250 days (group 2) [16]. This was explained for 
groupp 1 as changes early in the disease process, prior to 
antituberculosiss treatment, influenced by active growth or adaptation 
too the new host environment. For group 2 this was explained as 
changess occurring when the growth rate was much lower. However, 
thiss study only included data on 14 patients with serial isolates with 
discordantt \S6110 RFLP patterns. Calculating the half-life of \S6110 
RFLPP patterns spanning less than 21 days and spanning more than 250 
days,, the results for Dutch patients with serial M. tuberculosis isolates 
aree 0.3 years for group 1 and 19.1 years for group 2. This implies that 
indeedd the rate of change of \S6110 RFLP patterns during active 
growthh of the mycobacteria may be fast, followed by a slower rate of 
change.. Therefore, when presenting the half-life of \S6110 RFLP, it 
shouldd be stratified for time intervals of the studied serial isolates. 

Thee stability of RFLP patterns in transmission chains 

Onlyy two studies tried to determine the molecular clock of \S6110 
RFLPP patterns of M. tuberculosis in transmission chains. One study 
fromm Germany concluded that pattern alterations in contacts who 
developedd tuberculosis were rare [17]. Another study from South 
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Africaa concluded that the minimum rate of appearance of variant 
strainss was calculated to be 0.14 variant case per source-case per year 
forr strains with more than 5 \S6110 elements [18]. This implies that 
clusteringg of isolates based on identical RFLP patterns is expected to 
underestimatee transmission. The proposed quantification of the 
stabilityy of RFLP patterns in transmission chains assumes that the risk 
off transmission is constant over time. However, this risk depends on 
thee quality of the tuberculosis control programme and the background 
prevalence.. Both may vary over time and will be different in different 
geographicall areas. Therefore, the stability of RFLP patterns in 
transmissionn chains needs to be quantified in another way, maybe 
simplyy by presenting what proportion of a given study population is 
infectedd with a variant strain. If the treatment delay of patients is 
short,, the infectious period of the patient and the period of active 
growthh of the mycobacteria are also short. Therefore, a short 
treatmentt delay may not only be associated with a decreased risk of 
transmissionn of M. tuberculosis [19,20], but also with a slower 
molecularr clock in RFLP patterns in transmission chains. Unfortunately 
dataa from The Netherlands or other settings on the stability of \S6110 
RFLPP patterns in transmission chains are unavailable yet. 

False-positivee M. tuberculosis cultures 

\S6110\S6110 RFLP typing revealed that false-positive M. tuberculosis 
culturess occurred in 2.4% of all cultures which peripheral laboratories 
sentt to the national reference laboratory (Chapter 4). This rate is 
similarr to the 2% recently reported in studies in the United States. One 
usedd a laboratory based definition as we did [21], and one used a 
definitionn based on reviewing all medical and laboratory records and 
epidemiologicall investigations [22]. The rate of false-positive cultures 
differedd greatly between peripheral laboratories in The Netherlands, 
ass was observed in London [23]. Although false-positive test results 
affectedd only few patients in our study, they had serious consequences 
forr those patients and their environment. The estimated costs of false 
laboratoryy diagnosis of tuberculosis were about $900 per patient. A 
recentt study on three cases in the United States reported an average 
costt of almost $11,000 [21]. Although the discrepancy between our 
estimationn and the calculation from the United States could be due to 
thee small number of cases in the American study or to the generally 
higherr medical costs in the United States, it is more likely that our 
estimationn may be too low. 

Thee results of our study suggest that the number of false-positive 
culturess could be further reduced, e.g., by only culturing 
M.M. tuberculosis in laboratories processing a large number of patient 
sampless per year. Regarding the interpretation of \S6110 RFLP 
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patternss it is possible that the clustering information is influenced by 
somee undetected false-positive cultures. Because of the reporting 
systemm from the national reference laboratory to the peripheral 
laboratoriess and the municipal health services, this bias is probably 
small.. This study stresses the importance of DNA fingerprinting 
withoutt delay at the national reference laboratory to evaluate the 
testt results of the peripheral laboratories, and the importance of rapid 
feedbackk of these results to the peripheral laboratories. 
Unfortunately,, the laboratory-based definition we used is not 
applicablee in settings with a high prevalence of tuberculosis, a high 
throughputt of samples per day, and less means to process samples 
optimally.. Still, measures to prevent the occurrence of false-positive 
culturess are basically applicable in all settings [24,25]. 

EPIDEMIOLOGICALL INSIGHTS GAINED THROUGH THE USE 
OFF RFLP TYPING 

Methodologicall issues 

AA meaningful interpretation of DNA fingerprint clusters for 
epidemiologicall studies requires at least information on case 
ascertainment,, case definition, geographical area, time period, 
definitionn of clustering, and cluster size distribution, and data should 
bee broken down at least by age, sex and immigration status [26]. In 
thiss thesis molecular epidemiological studies of tuberculosis are based 
onn the nationwide surveillance of tuberculosis in The Netherlands. For 
thesee studies case ascertainment, time windows and the definition of 
clusteringg need special attention. 

CaseCase ascertainment 
Iff not all tuberculosis patients are included in the DNA fingerprint 
clusters,, e.g., because of difficulties in culturing and fingerprinting, 
thiss sampling bias will lead to underestimating recent transmission and 
thee impact of risk factors for recent transmission [27]. 

Inn addition, as \S6110 RFLP typing is based on isolates from culture 
positivee patients, case ascertainment could benefit from 
standardisationn of culturing M. tuberculosis. In 1998, 916 out of 1341 
(68%)) of patients were culture positive (NTR). It is likely that 
peripherall laboratories, which culture M. tuberculosis, have different 
protocolss and procedures for culturing M. tuberculosis, perhaps 
resultingg in differences in case ascertainment. Because there are as 
manyy as 44 peripheral laboratories involved in culture-confirmation of 
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tuberculosis,, this standardisation could probably benefit also from 
reducingg the number of culturing laboratories. 

TimeTime windows 
Itt has been shown that short time windows may reduce clustering 
ratess dramatically [28]. As all studies in this thesis are based on data 
fromm at least four years of nationwide surveillance, we think the bias 
relatedd to time period is limited. 

DefinitionDefinition of clustering 
Byy definition, clustering of tuberculosis patients is based on identical 
fingerprints.. Since 1999, fingerprints which differ one ISóMOcopy 
fromm the cluster-specific fingerprint have also been included, provided 
conformationn on epidemiological linkage between patients is 
available.. As this information is often difficult to obtain, especially 
amongg tuberculosis risk groups, a bias is introduced. It is likely that 
thee clustering rates among tuberculosis risk groups are biased 
downwardss compared with patients with well-established contact 
information.. As the clustering rates among tuberculosis risk groups are 
expectedd to be relatively high, this bias may not be noticed. 

Exogenouss re-infection 

Thee proportion of recurrent tuberculosis attributable to exogenous 
re-infectionn varies greatly in different settings [5,29-33]. These 
findingss are usually based on \S6110 RFLP typing, but it has been 
reportedd that spoligotyping can be used as well [34]. However, with 
spoligotypingg the occurrence of re-infection will be underestimated, 
ass this typing technique is less discriminatory than \S6110 RFLP typing. 
Althoughh the level of laboratory cross contamination and other reasons 
forr false-positive cultures could be a partial explanation for these 
difference,, re-infection seems to be a minor problem in low incidence 
countriess (The Netherlands, Germany and Norway) and a major 
problemm in high incidence countries (sub-populations in South Africa). 
Interestingg anecdotal evidence has been presented on reactivations 
afterr many years in Denmark [35] and The Netherlands [36]. However, 
althoughh the baseline prevalence of tuberculosis mostly determines 
thee risk for re-infection, the proportion of recurrent tuberculosis 
attributablee to exogenous re-infection can be increased in specific 
settings,, where there is a high HIV prevalence and/or an inadequate 
tuberculosiss control programme. 

Directt evidence of recurrent tuberculosis due to exogenous 
re-infectionn in The Netherlands has been reported for two out of 546 
patientss with serial isolates (0.4%) [9]. When excluding patients for 
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whomm treatment completion was not certain, none of the six cases of 
recurrentt tuberculosis with cure after the first episode were due to 
exogenouss re-infection. Although the proportion of recurrent 
tuberculosiss due to exogenous re-infection was expected to be low in 
Thee Netherlands, the power of this study was so limited that another 
approach,, including historical data, was also used. This study revealed 
thatt approximately one out of six new disease episodes among 
patientss with previous tuberculosis infection or disease may be 
attributablee to recent re-infection (Chapter 5). A limitation of this 
studyy was that it only used indirect evidence of re-infection. Still, it 
impliess that re-infection needs to be taken into account when studying 
tuberculosiss epidemiology and organising tuberculosis control 
programmes,, even in settings with a low incidence of tuberculosis. 

Defaultingg from treatment 

Inn a case-control study it was found that for Dutch patients defaulting 
fromm treatment increased the risk of transmission of M. tuberculosis 
(Chapterr 7). In addition, defaulting index cases with a drug-
susceptiblee strain were twice as likely compared to non-defaulters to 
leadd to secondary cases with drug-resistant tuberculosis, although this 
wass not statistically significant. Cases were the first cases of clusters 
off patients with identical DNA fingerprints of M. tuberculosis, so 
probablyy linked by ongoing transmission. Controls were patients with 
ann unclustered DNA fingerprint of M. tuberculosis. A strength of this 
studyy was that a case-control design could be applied, as the study 
basee was the large national surveillance database. A weakness of the 
studyy was the definition of a case, as first cases of a cluster may not 
bee the source case of the cluster. Limiting the study to clusters with 
epidemiologicallyy confirmed patients would theoretically improve the 
studyy design. However, the number of such clusters in the national 
surveillancee database in The Netherlands is too small to perform such 
aa study. 

Itt is recommendable to study the effect of defaulting from treatment 
onn transmission of M. tuberculosis in other settings, so that our 
estimatee of the impact of defaulting can be validated. 

BENEFITSS OF RFLP TYPING FOR TUBERCULOSIS CONTROL 
INN THE NETHERLANDS 

RFLPP typing of M. tuberculosis has been an integral part of the 
nationwidee tuberculosis surveillance in The Netherlands since 1993, 
becausee it has been expected to yield epidemiological insights and 
thuss support traditional contact investigations. However, the effects 
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off RFLP typing on tuberculosis control have been mainly indirect. The 
routinee DNA fingerprint surveillance provides information on clustering 
whichh helps tuberculosis control staff to evaluate contact 
investigationss and detect unexpected links between patients. In the 
periodd from 1997 to 1999 the tuberculosis control staff had expected 
epidemiologicall links for 22% of patients. After the results of DNA 
fingerprintingg surveillance had become available, epidemiological 
linkss could be established for 47% of patients. The DNA fingerprinting 
surveillancee also showed what groups are difficult to reach with 
traditionall contact investigation [37]. Most patients are identified 
becausee of complaints (81% of Dutch patients and 75% of non-Dutch 
patients).. In addition, passive case finding identified 15% of Dutch 
patientss and 5% of non-Dutch patients, and active case finding 
identifiedd 4% of Dutch patients and 20% of non-Dutch patients [38]. 
Thiss suggests that non-Dutch patients are more often missed in 
traditionall contact investigations, and that screening identifies a 
relativelyy large proportion of non-Dutch patients. The implications of 
thee possibly failing tuberculosis control strategy for risk groups are 
unknown.. A change in the conventional tuberculosis control strategy is 
thee screening of asylum seekers since the beginning of the 1990s. The 
effectss of this screening strategy are now being evaluated. It has been 
foundd recently that screening of asylum seekers identified 454 new 
casess in the period from 1993 to 1998 [39] and that this prevented 
secondaryy transmission [40]. If screening would indeed lead to a 
decliningg incidence of tuberculosis, the amount of clustered strains 
wouldd also decrease. In this way trends in clustering rates can help to 
evaluatee tuberculosis programmes, as was shown recently for a 
sentinell surveillance population in the United States [41]. 

Too strengthen the contact investigation efforts among risk groups, a 
thoroughh analysis of how to interrupt transmission in these groups is 
necessary.. Novel epidemiological methods could help to unravel 
transmissionn routes. One such method is based on generating a 
demographicc profile of patients and thus searching for contacts of 
tuberculosiss patients across boundaries [42]. In practice this would 
meann a widening of the traditional contact investigation, both with 
respectt to the kind of people included and with respect to the 
geographicall area under investigation. Another method could be 
networkk analysis, in which a network between persons is 
reconstructedd based on interviews, followed by a quantification of the 
relativee importance of different actors (persons and places) playing a 
rolee in the transmission chain [43]. In practice this would mean 
standardisedd contact investigations, with a quantification of what 
routess of transmission are most important. This may give clues where 
too intensify efforts to contact possible secondary patients. 
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Furtherr intervention studies should focus on the accessibility of health 
care,, both for persons with a latent infection and for patients with 
activee tuberculosis, especially for risk groups which conventionally are 
hardd to reach such as homeless, drug addicts and illegal immigrants. 
Too improve the accessibility new strategies to reach these risk groups 
needd to be developed. Additional measures to improve their situation, 
e.g.,, targeted on living conditions, could perhaps be beneficial 
elementss in such strategies. Improving the situation of these risk 
groupss will also in itself help to reduce the incidence of tuberculosis, 
ass low socio-economic status [44-47], crowding [44,45,48,49], poor 
nutritionn [50-52], immunodeficiency and comorbidity [53-55] are 
associatedd with an increased incidence of tuberculosis. Such a general 
approachh to fight tuberculosis also proved right in the past: the 
substantiall decline in tuberculosis incidence in the early twentieth 
centuryy was achieved by improving the socio-economic conditions of 
thee population at large, not by focusing on individuals at risk [56]. 

FINALL COMMENTS 

Thee Netherlands Tuberculosis Register, and the possibility to link 
patientt information to microbiological test results, has enabled many 
investigationss into the epidemiology of tuberculosis over the years. 
However,, epidemiological investigations on tuberculosis could still 
gainn from securing the completeness and standardisation of patient 
dataa over the years, a further implementation of information 
technologyy and a direct link between patient data and microbiological 
testt results. To comply with privacy regulations, this link could 
perhapss be automatically encrypted. 

Routinee \S6110 RFLP typing of all M. tuberculosis isolates in The 
Netherlandss has provided valuable insights in the epidemiology of 
tuberculosis.. Yet, the typing itself needs to be further standardised, 
addressingg the genetic variations expressed in RFLP patterns from 
relatedd isolates over time, as well as the uniform interpretation of 
RFLPP patterns. If a genetic typing method that directly targets DNA 
presentt in the clinical sample would be developed, it is recommended 
too establish a new national database of DNA fingerprints. 

Organisedd in a modern, multidisciplinary way a national surveillance of 
tuberculosis,, based on both epidemiological and microbiological data, 
willl enhance research on the molecular epidemiology of tuberculosis, 
andd thus contribute to the prevention of tuberculosis morbidity and 
mortality. . 
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