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Summary Summary 

Wee compared and evaluated the usefulness of genetic markers for Mycobacterium 
tuberculosistuberculosis and used these DNA fingerprint tools to investigate the population 
structuree of M. tuberculosis by studying the spread of the Beijing genotype and its 
associationn with drug resistance. 

Inn a multi-centre study, 21 DNA typing methods were compared for their 
reproducibilityy and discriminatory power with 90 heterogeneous M. tuberculosis 
complexx isolates and 31 duplicate samples. This study is described in chapters 2 and 
3.. Restriction fragment length polymorphism (RFLP) typing methods were found to be 
highlyy reproducible. In contrast, the reproducibility of PCR-based typing methods 
variedd from 0 to 100%. The most discriminative methods were based on either 1S6110 
orr variable numbers of tandem repeats (VNTRs). These methods included two VNTR 
typingg methods, fluorescent ligation mediated PCR, mixed-linker PCR, and IS6770 
RFLPP typing, which discriminated between 78 to 84 types among the 90 M. tuberculo-
sissis complex isolates. In the study described in chapter 4 the discriminatory power of 
thee three most frequently used typing methods was investigated in more detail on a 
moree homogeneous set of isolates from Hong Kong, containing mainly Beijing 
genotypee isolates. Despite the use of the most variable VNTR loci for Beijing family 
isolates,, the discriminative power of IS6110 RFLP typing was superior to that of 
VNTRR typing. Both these methods were much more discriminative then spoligotyping. 
Too enable faster DNA typing, we predict that in the near future a multiple-step PCR-
basedd genotyping strategy will be applied in mycobacteria laboratories. This strategy 
wouldd ideally include VNTR typing together with an IS 6110 based typing method. 
Furtherr research is required to determine the most appropriate VNTR loci to be used in 
variouss settings. 

Inn the study detailed in chapter 5 we extended the 43-spacer spoligotyping method 
withh 51 novel spacers and investigated the discriminatory power of this second 
generationn spoligotyping applied to a collection of 314 M. tuberculosis complex 
isolatess from central Netherlands. Extending the analysis with the novel spacers lead 
too a slight increase in discriminatory power and we conclude that the use of 
spoligotypingg for epidemiological typing is therefore limited. The method is useful for 
evolutionaryy studies; it can distinguish between and within various lineages of the M. 
tuberculosistuberculosis complex. It can also be used as a screening method, since isolates with 
distinctt spoligo patterns almost invariably also will be distinguished by other typing 
methods. . 

Thee prevalence and nature of low intensity bands (LIBs) in IS6110 RFLP patterns was 
describedd in chapter 6. No RFLP patterns containing multiple LIBs were found and 
wee concluded that multiple infections of tuberculosis are rare in The Netherlands. One 
orr a few LIBs occurred in 7.4% of the 1,277 investigated RFLP patterns, presumably 
ass a result of genetic drift in the bacteria. We found that the interpretation of these 
LIBss was subjective and biased towards clustering and we propose to standardize the 
interpretationn of such bands. With single colony cultures it was shown that LIBs in 
IS6110IS6110 RFLP patterns mostly represent mixed bacterial populations with slightly 
differentt RFLP patterns. LIBs were associated with a higher patient age and were 
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Summary Summary 

presentt at preferential band positions, suggesting that IS6J10 may be a driving force 
forr genetic rearrangement in the adaptive process of M. tuberculosis evolution. 

Thee strain collection we used to perform the comparative studies was, in addition to 
thee 21 DNA typing methods, also analysed with methods used in population genetics 
(chapterr 2) and with additional genetic markers in subsequent studies (discussed in 
chapterr 10). These studies suggested a clonal population structure for M. tuberculosis. 
Furthermore,, these genetic markers improved the identification of various genotype 
familiess and subfamilies within the M. tuberculosis complex and a new evolutionary 
scenarioo for the development of the complex was proposed. It was shown that different 
M.M. tuberculosis genotypes elicit a differential immune response and virulence and 
furthermore,, it was established that different M. tuberculosis genotypes differ in 
potentiall  virulence factors. 

Inn chapter 7, a study is described investigating the correlation between genetic 
markerss used to recognize M. tuberculosis Beijing genotype strains, and a definition of 
thiss genotype was proposed. Beijing genotype strains were defined on the basis of the 
presencee of at least three of the spacers 35 to 43, and absence of the spacers 1 to 34, in 
spoligotyping.. In addition, reference IS6U0 RFLP patterns were presented, which can 
reliablyy identify Beijing genotype strains in IS6110 RFLP pattern databases. This 
definitionn of Beijing strains was used for a worldwide survey on the distribution of 
Beijingg genotype strains and their association with drug resistance, including 29,259 
patientss from 35 countries, described in chapter 8. The overall prevalence of Beijing 
strainss was 9.9% and the proportion of tuberculosis due to the Beijing genotype ranged 
fromm 0% to over 72.5% per area. We identified four distinct patterns to tuberculosis 
associatedd with Beijing genotype strains: (1) endemic with no association with drug 
resistancee (at a high level in East Asia and at a lower level in parts of the United 
States)) (2) epidemic and, sometimes to high levels, associated with drug resistance 
(highh levels of drug resistance in Cuba, the former Soviet Union, Vietnam, South 
Africa,, and, at a lower level, in parts of Western Europe) (3) epidemic and drug 
sensitivee (Malawi, Argentina) (4) very low prevalence or absence (parts of Europe, 
Africa).. In chapter 9 we distinguished between sub-groupings of the M. tuberculosis 
Beijingg clade (typical and atypical) on the basis of specific IS6110 insertions and 
foundd that the highly prevalent typical Beijing family strains are more frequently 
associatedd with BCG vaccination and streptomycin resistance. The atypical Beijing 
strains,, which more closely resemble the common ancestor of the Beijing clade, are 
associatedd with isoniazid resistance and multidrug resistance. This may be important in 
thee light of the re-emergence of tuberculosis worldwide that seems partly fuelled by 
thee growing problem of drug resistance. 

Ourr work suggests that recent changes have occurred in the worldwide M. tuberculosis 
population,, possibly caused by adaptation of the bacterium to the use of anti-
tuberculosiss drugs and BCG vaccine intervention. 
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