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1. Introduction 

1.1 Insertion sequences in Mycobacterium tuberculosis complex 

Insertion sequence (IS) is a short DNA mobile genetic element coding for proteins involved 

in the transposition activity, which allows it to spread within the genome. ISs are widely 

distributed in prokaryotes and can be grouped into different families established by 

Mahillon & Chandler (1998) based on structural characteristics and transposase similarities. 

In the genus Mycobacterium have been located and identified more than 46 ISs from different 

species, mostly on the basis of sequence similarities (Brosch et al., 2000). In the genome of 

the members of the Mycobacterium tuberculosis complex (MTBC) has been possible to find 

dispersed IS elements that could be included in various of the following families attending 

to their characteristics: IS3, IS5, IS21, IS30, IS110, IS256; IS1535, ISL3 and other IS-like 

elements (Gordon et al., 1999, Table 1).  

The ISs can induce duplications, deletions, and rearrangements in the bacteria genome, all of 

them essentials changes for the genome plasticity of the members of MTBC (Mahillon & 

Chandler, 1998). Not all of the ISs described in M. tuberculosis are active and have the 

availability of transpose from one site to another in the genome, some of the elements are 

defective copies. Furthermore, some of them have a limited host range (Brosch et al., 2000). 

The Table 1 shows the ISs described in M. tuberculosis that will be briefly presented below. 

1.2 ISs families 

The IS3 family represents an extensive set of insertion elements in bacteria. The features that 

characterize this family are their length between 1200 and 1600 bp, and their inverted 

repeats (IRs) between 20 and 40 bp long, as well as the presence of two overlapping open 

reading frames (ORFs: orfA and orfB) (Mahillon & Chandler, 1998; McAdam et al., 2000). 

After the insertion, a duplication of 3 or 4 bp occurs at the insertion point (Mendiola et al., 

1992).  
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Members IS1540, IS1604, IS1556/990 and IS6110 belong to this family in the MTBC. The 

most representative member of this family is IS6110, one of the insertion element most 

abundant and best characterized in the MTBC. Copies of this IS can be found at 16 positions 

in the genome of M. tuberculosis H37Rv providing an important epidemiological tool (Small 

& van Embden, 1994).  

Other elements of this family, namely IS1540, IS1604 and IS1556/990, have missing the IRs 

and Direct Repeats (DRs) or contain mutations in orfB making them supposedly inactive and 

non-functional (Dziadek et al., 1998; McAdam et al., 2000). 

 

Family  ISs (ner copies / lenght)  Source 

IS3 IS6110 (16 / 1361 bp); IS1540 (1 / 1164 

bp); IS1604 (1 / 1410 bp);  

IS1556/990 (1 / 1346 bp) 

Thierry et al., 1990a; Cole et al., 1998; 

Gordon et al., 1999;  

Dziadek et al., 1998. 

IS5 IS1560 (1+1’ / 1567 bp); IS-like  

(2 / 968 bp) 

Cole et al., 1998; Mariani et al., 1993 

IS21 IS1532 (1 / 2609 bp); IS1533  

(1 / 2212 bp); IS1534 (1 / 2129 bp) 

Gordon et al., 1999 

IS30 IS1603 (1 / 1327 bp) Cole et al., 1998 

IS110 IS1558 (1+1’ / 1212 bp); IS1607 (1 / 1227 

bp); IS1608’ (2’ / 1031 bp); IS1547  

(2 / 1351 bp) 

Dziadek et al., 2000; Cole et al., 1998; 

Fang et al., 1999a 

IS256 IS1081 (6 / 1324 bp); IS1552’  

(1’ / 844 bp); IS1553 (1 / 1398 bp); IS1554 

(1 / 1435 bp) 

Collins et al., 1991; Cole et al., 1998 

 

IS605 IS1535 (1 / 2322 bp); IS1536 (1 / 1391 

bp); IS1537 (1 / 1889 bp); IS1538  

(1 / 2055 bp); IS1539 (1 / 2057 bp); 

IS1602 (1 / 2052 bp); IS1605’ (1’ / 287 bp)

Gordon et al., 1999; Cole et al., 1998 

ISL3 IS1555’ (1’ / 398 bp); IS1557 (2+1’ / 1451 

bp); IS1561’ (1’ / 1319 bp);  

IS1606’ (1’ / 330 bp) 

Cole et al., 1998; Gordon et al., 1999 

Unknown IS1556 (1 / 1468 bp) Cole et al., 1998 

Table 1. ISs present in M. tuberculosis H37Rv. ‘ Defective copy of IS, putatively inactivated. 

Members of the IS21 family are among the largest bacterial IS elements, with sizes between 2 

and 2.5 Kb length. Their IRs are variable. These elements encode two proteins for the 

transposition (IStA and IStB). Duplication of 4 or 5 bp occurs after transposition at the 

insertion point. The transposases coded by IS1532, IS1533 and IS1534 shows homology to 

the elements of IS21 family. These elements posses end IRs of 48, 54 and 49 bp respectively 

and internal DRs (Mahillon & Chandler, 1998). All of them are absent from 40% of M. 

tuberculosis clinical isolates, as well as from M. bovis and M. bovis BCG Pasteur (Gordon et al., 

1999). 

The IS110 family, exhibits unusual features for bacterial ISs, they have not IRs and DRs 

(McAdam et al., 2000) and may be differentiated in two groups.  
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The first group, in M. tuberculosis, included IS1608’ and IS1547, unlike to other elements, this 
group have a target sequence: CATN(6-9)(T,C)CCTT. The IS1547 is one of the members that 
was detected only in members of the MTBC and seems to be an IS6110 preferential site for  
insertion (Fang et al., 1999a). The second group includes IS1558 and IS1607, they have 
imperfect IRs or lack of them (McAdam et al., 2000). Some copies of these IS elements, in the 
M. tuberculosis genome, are defective as was the case of IS1558’ and IS1608’. 

The IS256 family is, probably, the largest family of ISs in mycobacteria with more than 25% 
of the known ISs. Their members have been divided in two groups attending to the 
structural organization (Guilhot et al., 1999). One of the groups comprises the members of 
MTBC, such as: IS1081, IS1552’, IS1553 and IS1554. 

IS1081, the main member of IS256 family in the MTBC, was found in the genome of M. bovis. 
It is 1324 bp long with 15 bp IR ends and contains a large ORF. There are six copies of IS1081 
in the genome of M. tuberculosis H37Rv (Collins et al., 1991). Other elements of IS256 family, 
are IS1552’, IS1553 and IS1554. They have a single ORF coding for a protein of 281, 409 and 
439 aminoacids. It is speculated that IS1552’ was transferred from Rhodococcus into M. 
tuberculosis. In M. tuberculosis H37Rv the IS1552’ is defective. 

The IS5 family is a very heterogeneus group of ISs, with lenghts range between 850 to 1640 
bp. Two different ISs of this family have been described in MTBC: IS1560 and IS-like (Cole et 
al., 1998; Mariani et al., 1993). One of the two copies of IS1560 appears to be defective and 
probably is non-functional in the M. tuberculosis H37Rv.  

The members of the IS30 family have a single open reading frame, IRs 20-30 bp, and DRs 2-3 
bp long created after insertion (Mahillon & Chandler, 1998). IS603, an insertion sequence 
1327 bp lenght and present in a single copy in the M. tuberculosis, genome belongs to this 
family (Table 1) with IRs 63 bp long and DRs have not been detected (McAdam et al., 2000). 

M. tuberculosis contains seven members of the IS605 family (IS1535, IS1536, IS1537, IS1538, 
IS1539, IS1602 and IS1605’) in its genome (Gordon & Supply, 2005). These ISs present two 
overlapping ORFs (Gordon et al., 1999; McAdam et al., 2000). 

To the ISL3 family belongs some defective copies of ISs present in M. tuberculosis: IS1555’, 

IS1561’ and IS1606’ and IS1557. The IS1561’ element is absent from some clinical strains of 

M. tuberculosis (Gordon et al., 1999) and M. microti (Gordon & Supply, 2005). 

2. Structural organization and function of the IS6110 

IS6110 was initially named IS986. It is a genomic insertion element of 1361 bp long and 

shows 28 bp imperfect IRs, and duplications of 3 or 4 bp next to the insertion site. It has two 

overlapping ORFs (orfA and orfB) coding for a transposase, showing similarities with 

elements of the IS3 family of prokaryotes (Accesion No.: X17348, M29899; Fig. 1).  

The IS6110 was found to be specific of mycobacteria belonging to the MTBC (Thierry et al., 
1990a) and it was considered as the main target of the first reference genotyping tool, due to 
the high degree of polymorphism observed comparing strains of the MTBC (see part 3.2; 
Otal et al., 1991), turning into an important factor involved in the evolution of the M. 
tuberculosis genome. The sequences of IS6110 and IS986/IS987 identified in MTBC were 
practically identical and considered the same IS (Thierry et al., 1990b; McAdam et al., 1990). 
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Recently, Sankar and cols (2011b) have been suggested variations into the sequence of 
IS6110 from different strains of M. tuberculosis, which could have implications in its 
usefulness as target of PCR detection. 

 

Fig. 1. Structural organization of IS6110 

IS6110 does not have a known target or consensus sequence, it has been found within ORFs 

and intergenic regions (see part 4.1). It may be present up to 25 copies per genome in M. 

tuberculosis (Brosch et al., 2000), only a few number of strains have no copies of this IS (see 

part 3.1.2).  

Many functions have been shown by the IS6110: (i) activation of genes during infection (Safi 

et al., 2004) (ii) participation in the evolution as an epidemiological marker (van Embden et 

al., 1993) (iii) activation of downstream genes with an activity promoter orientation-

dependent (Soto et al., 2004). Finally, it has been suggested that the presence of IS6110 in M. 

bovis could participate in the adaptation of this bacteria to a particular host, animal or 

human (Otal et al., 2008). Several of these features are being reviewed herein. 

3. The heads: Usefulness of IS6110 

Soon after the discovery of IS6110 as a specific element in MTBC, its usefulness as diagnostic 

tool was explored. Subsequently, at the beginning of the nineties it was demonstrated that 

two strains isolated of different episodes of a patient had the same IS6110-RFLP pattern, in 

turn, a high degree of polymorphism was observed between strains isolated from different 

patients (Otal et al., 1991). The fact that IS6110 varies in copy number and location in the 

bacterial genomes, along with its stability over time showed their usefulness in genotyping 

of the MTBC. This IS has been successfully used throughout the world for identifying and 

characterize members of this complex.  

3.1 IS6110 in the detection of members of the MTB complex 

TB is a major public health problem in humans affecting many countries and large numbers 

of people. There are many reasons to explain the global relevance of this disease, including 

poverty, the limited vaccine efficacy and the persistence of the pathogen itself. One crucial 

factor is the difficulty in diagnosis TB. Currently, the main impediment is the lack of 

adequately sensitive, specificity and rapid tests. Culture and smear microscopy are probably 

the most common tools used worldwide for confirming the identification of TB in clinical 

samples. But culture is time consuming and smear microscopy is not specific enough. This 

has led to its gradual replacement in the developed world by more sensible, specific and 

rapid methods, such as PCR.  
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Because of the increased accessibility and convenience of PCR-based detection techniques, 
these are suitable to replace conventional culture methods. Since bacterial growth is not 
required, PCR can give results rapidly in as short a period as 1 day. Further PCR 
modifications, as nested–PCR or multiplex-PCR, can be used to improve results. Over the 
years, a significant improvement of PCR technologies has been achieved with the 
development of real-time PCR for the detection of target genes of M. tuberculosis in clinical 
specimens. The main advantages of real-time PCR are a shortened turnaround time, 
automation of the amplification and product detection and a decreased in the risk of cross-
contamination (Espy et al., 2006). 

3.1.1 Advantages of IS6110 as target of the MTBC 

To obtain species-specific pathogen identification and detection in clinical samples, specific 
primers have been designed and tested using PCR-based methods, targeting different 
genomic sequences of M. tuberculosis. These have included IS6110, hsp65, TRC4 and mpt40 
(Bannalikar et al., 2006; Narayanan et al, 2001; Savekoul et al., 2006; Tumwasorn et al., 1996; 
Wei et al., 1999). Among these, the most widely investigated has been the IS6110 being 
reported as a specific sequence of MTBC (Brisson-Noel et al. 1991; Eisenach, 1994; Sankar et 
al., 2011a). IS6110 is an ideal target for PCR. IS6110 is usually a multi-copy element and 
randomly distributed throughout the genome. The presence of multiple copies improves the 
sensitivity of the PCR amplification (Mathema et al., 2006; Sankar et al., 2011a). 

Different oligonucleotides derived from that sequence have been successfully used to detect 

M. tuberculosis in all type of clinical specimens. Table 2 summarizes a list of the primers 

more frequently used in the literature. A problem found was that authors give different 

names to the same primers. The primers IS1 and IS2 (Eisenach et al., 1990) are the most 

frequently used, these oligonucleotides amplified a final product of 123 bp from 759 to 881 

nucleotide position of IS6110 (Table 2). 

A search in the databases PubMed since 1991 using “IS6110” and “diagnostic” as keywords, 

allowed the identification of 138 papers that showed how IS6110 could be a useful tool in 

diagnostic of TB. In 105 of these papers the diagnostic is based on PCR. Up to 5 of the 11 

works published during the seven first months of 2011 applied the real time PCR technique 

in tuberculosis diagnostic using IS6110 as target sequence.  

In most of the cases the authors applied in-house PCR methods and compared results to 
other methods. Some authors concluded that IS6110-based PCR could be used routinely in 
clinical laboratories for rapid detection of M. tuberculosis, in sputum samples allowing early 
diagnosis and treatment (Ereqat et al., 2011). Evaluation of in-house PCR showed that 
variability in sensitivity and specificity is high (Cho et al., 2007). 

The usefulness of IS6110 in the detection and identification of MTBC in clinical samples has 
been demonstrated in many studies, either detecting IS6110 as single target (Sankar et al., 
2010a; Gupta et al., 2010; Inoue et al., 2011) or together to other specific targets (Sankar et al., 
2010b; Leung et al., 2011). Multiplex PCR assay can be used for the simultaneous detection 
of other coinfections in clinical samples (Boondireke et al., 2010). 

Additionally, in some cases, the location of IS6110 specific to one strain can be used. PCR 
with primers targeting IS6110 and the flanking region allowed identify and differentiate that 
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particular strain. This approach can be a useful tool in diagnosis and epidemiological 
studies.  

 

Name / Target 
region 

Sequence (5´-3´) Method Reference 

MTB-F / 724-
740 

GCCGGATCAGCGATCGT Real Time 
PCR 

Leung et al., 2011  

MTB-R / 608 - 
629 

GCAAAGTGTGGCTAACCCTGAA   

MTB-P / 651 - 
666 

TTCGACGGTGCATCTG   

/1062 - 1077 CCGAGGCAGGCATCCA Real Time 
PCR 

Lemaitre  
et al., 2004 

/1112 - 1132 GATCGTCTCGGCTAGTGCATT   
/1095 -1111 TCGGAAGCTCCTATGAC   
TB1 / 104 - 123 GTGCGGATGGTGGCAGAGAT Nested PCR Boondireke  

et al., 2010 
TB4 / 387 -406 CCTGATGATCGGCGATGAAC   
TB2 /132 - 152 AGCACGATTCGGAGTGGGCA   
TB3 / 255 - 273 TCAGCGGATTCTTCGGTCG   
INS1 / 631-650 CGTGAGGGCATCGAGGTGGC PCR Hermans  

et al., 1990 
INS2 / 856 - 
875 

CGTAGGCGTCGGTGACAAA   

ISI / 762-781 CCTGCGAGCGTAGGCGTCGG PCR Eisenach  

et al., 1990 

IS2 / 854-883 CTCGTCCAGCGCCGCTTCGG   

TB130-F / 710 

-729 

CAAAGCCCGCAGGACCACGA Real Time 

PCR 

Inoue et al., 2011 

TB130-R / 817-

839 

TGCCCAGGTCGACACATAGGTGA   

TB130-P / 742-

761 

CCACAGCCCGTCCCGCCGAT   

/ 367-392 CCGGCCAGCACGCTAATTAACGGTTC Nested PCR Cheng et al., 2004 

/ 769- 746 TGTGGCCGGATCAGCGATCGTGGT   

/ 455-472 CTGCACACAGCTGACCGA   

/ 670-652 CGTTCGACGGTGCATCTG   

Table 2. List of primers successfully used in IS6110-PCR for the detection of MTBC.  

3.1.2 Disadvantages of IS6110 as target of the MTBC 

However its wide applicability, targeting IS6110 may not be by itself sensitive enough to 

diagnose 100% of the cases. Studies in India documented that 41% of M. tuberculosis isolates 

harboured a single copy of IS6110 and 1% with no copy (Narayanan et al., 2002). In these 

situations the use of other targets for PCR in addition to IS6110 for the detection of TB can be 

of help (Narayanan et al., 2001; Das et al., 1995; Chauhan et al., 2007; Kusum et al., 2011). A 
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good approach could be a multiplex real-time PCR targeting IS6110 and another target, as 

for example to use multiplex PCR using hsp65, protein B or MPB64 genes as targets.  

As for DNA detection, another problem using IS6110-PCR is that it can detect non-viable 
mycobacteria for patients with earlier culture-positive specimens that had become culture 
negative following anti tuberculosis drug therapy (Causse et al., 2011). 

M. bovis strains usually contain one to five copies of IS6110 (Otal et al., 2008), making the use 
of this IS less advantageous for the detection of this bacteria. The use of an immunomagnetic 
separation capture followed by PCR based on IS6110 showed a detection threshold 
corresponding from 10 CFU in PBS to 1000 CFU for M. bovis in infected bovine fresh tissues, 
providing a sensitive, rapid and specific technique for the diagnosis of bovine tuberculosis 
(Garbaccio et al., 2010).  

On the other hand, Sankar et al. analysed the sequence diversity of IS6110 by using in silico 
approach. They found that IS6110 insertion sequences harboured variations in its sequence 
and there are divergences within the copies of one strain. They collected a list of primers 
from those successfully used in the conventional PCR for the diagnosis of TB, but the 
reported data showed variation in the sensitivity and specificity for different regions of 
IS6110. All these data suggest that care must be taken when designing specific primers for 
IS6110 detection. The authors recommended develop multiplex PCR assays targeting more 
than one region of the genome of M. tuberculosis (Sankar et al., 2011a). 

Indeed, the IS6110 is still a favourite target sequence in the diagnosis of TB. Recently, a high 
sensitivity and specificity has been reported for the GeneXpert system, a real-time PCR 
assay that simultaneously detects both MTBC and rifampin resistance. However the 
accuracy of the Xpert MTB/RIF test for the detection of M. tuberculosis complex in 
paucibacillary samples was found to be lower than that of an in-house IS6110 real time PCR 
routinely used since 2004 (Armand et al., 2011). 

3.2 Typing of members of the MTBC 

DNA fingerprinting of M. tuberculosis, based on the variability in both the number and the 

genomic position of IS6110, was standardised in 1993 to generate fingerprints, which permit 

comparison of the results obtained by different laboratories (van Embden et al., 1993). Such 

standardization has facilitated investigations into the international transmission of 

tuberculosis and has allowed to identify specific strains with unique properties such as high 

infectivity, virulence or drug resistance. Although other techniques based on this insertion 

sequence and other repetitive elements were described, IS6110-RFLP demonstrated the best 

discriminatory power and reproducibility and was accepted as the gold standard method 

for M. tuberculosis genotype (Kremer et al., 1999). Up to now it is the best-validated 

genotyping method, however, the requirement of growth culture and the poor 

discrimination found among the low copy number of IS6110 strains (LCS), have led to 

search a better method, based on PCR, discriminative enough to be used on epidemiology.  

The application of IS6110 as molecular tool has given a different global vision on TB. IS6110-
RFLP has shown to be of great value in, among others: distinguish between recent 
transmission and reactivation, reinfection, mixed infections, studies of outbreaks, 
confirmation or rule out laboratory errors. It has also been useful to identify some strains 
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that may differ in transmission, suggesting that more virulent strains could show different 
pathogenesis and epidemiological characteristics. The establishment of Databases of the 
RFLP patterns has allowed to analyse the risk factors for tuberculosis and to detect the 
prevalent strains and/or the most transmitted strains, among the studied populations.  

3.2.1 Recent transmission & population studies 

The relatively higher rate of IS transposition on genomes compared to that of mutations in 
structural genes and other loci has elicited strong interest in the applications of ISs as genetic 
markers to study bacterial population genetics and phylogeny, especially for species with 
conserved genomes, as is the case of IS6110 for M. tuberculosis (Fang et al., 2001). At the 
beginning of the nineties it was demonstrated the utility of IS6110 in epidemiology (Otal et 
al., 1991). On the basis of IS6110-RFLP, recent transmission of TB has been associated to 
those patients whose isolates presented the same RFLP pattern or were included in a 
“cluster”. The use of IS6110-RFLP analysis in population studies has considerably advanced 
our knowledge of the epidemiology of M. tuberculosis. Above all, large population studies 
have led to better understand how transmission occurs in the population. One study carried 
out in The Netherlands concluded that a short time span between the first two patients in a 
cluster was the strongest predictor for large cluster episodes (Kik et al., 2008). In this regard, 
after two population studies carried out in Zaragoza, Spain, along three years each, a change 
in patterns’ transmission of TB was detected (López-Calleja et al., 2007). One susceptible 
strain designed as “MTZ” caused a susceptible outbreak involving more than one hundred 
inhabitants (18% of the TB cases). This kind of studies have made possible the detection and 
characterization of specific M. tuberculosis epidemic strains (Lopez-Calleja et al., 2009).  

Recent studies indicate that multidrug-resistant M. tuberculosis has emerged in many 
countries for the past few years, without the concomitant development of health systems 
able to provide adequate treatment. MDR and XDR strains can be transmitted among the 
population (Bifani et al., 1996; Samper et al., 1997; Samper et al., 2005). It is known that the 
pattern of IS6110-RFLP does not usually change after acquisition of resistances of the strain, 
nevertheless, the complementary characterization of the genes conferring the resistance 
helps in contact tracing (Gavin et al., 2009). More recently, drug-resistance and molecular 
epidemiology of TB in the Murmansk region was investigated in a 2-year population-based 
surveillance of the civilian population. The study showed that MDR-TB strains were actively 
transmitted in the northern Russia (Mäkinen et al., 2011). In Ukraine, where increase of TB 
cases is maintained, the number of drug-resistant isolates was reported to be growing 
steadily, and transmission of drug-resistant isolates seems to contribute to the spread of 
resistant TB (Dymova et al., 2011). The MDR-TB genotyping databases allow the comparison 
of M. tuberculosis strains to improve the application of appropriate public health actions at a 
national level and, ideally, it should be extended across country borders (Bifani et al., 2001; 
Gavin et al., 2011; Ritacco et al., 2011).  

The current population studies have been essential not only to gain a better understanding 
of how to implement effective TB control measures but also to analyse the importance of 
immigration. In Germany, the dynamics of TB transmission between TB high-prevalence 
immigrant and TB low-prevalence local populations confirm that there is no significant TB 
transmission from high to low-prevalence population. This could be probably due to the 
good performance of TB screening programmes, to low degree of mixing high to low 
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populations or by a combination of both (Barniol et al., 2009). One study was carried out to 
evaluate the origins of the resistant isolates in Finland, a country with a low incidence of TB. 
They have raised worries concerning the risk of disease in near-frontier contacts and they 
conclude that it is very probable that cases of MDR in Finland are mostly caught abroad 
(Vasankari et al., 2011).  

Several studies illustrate the situation in the highest TB incidence areas, such as two areas of 
India (Shanmugam et al., 2011; Purwar et al., 2011) or Uganda (Asiimwe et al., 2009). Other 
study that gives an overview of the distribution of genotypes of M. tuberculosis in Korea, found 
that drug resistance phenotypes were more strongly associated with Beijing family (see part 
4.1.3). The Beijing genotype strains are also a major cause of TB (75% of MDR-TB) in the Aral 
Sea region, they are also strongly associated with drug resistance, independent of previous TB 
treatment and may be strongly contributing to the transmission of MDR-TB (Cox et al., 2005). 
In a population-based study carried out in rural China, the association between the Beijing 
family showed that a specific IS6110-RFLP and MIRU genotype 223325173533 were associated 
with MDR and with increased transmissibility (Hu et al., 2011).  

3.2.2 Recurrent tuberculosis: Relapse or reinfection? 

The frequency and determinants of exogenous reinfection and of endogenous reactivation of 

TB in patients previously treated are poorly understood. The importance of reinfection as a 

cause for recurrence of TB is unclear and has potential public-health implications. Different 

studies have used IS6110 genotyping to answer this question. The possibility of genotyping 

the isolates from initial and recurrent disease episodes allows to differentiate an episode of 

reinfection from that of relapse of TB.  

At this respect, differences are shown depending on the incidences of TB and of the HIV 
status of the patients. In Spain, a country with a low incidence rate of TB, two studies on this 
issue were conducted. In the Gran Canaria Island, 2.4% of the cases had recurrent TB in a 5 
years-period. Up to 44% of them corresponded to exogenous reinfection proved by IS6110 
genotypes (Caminero et al., 2001). In a second study conducted in Madrid extended twelve 
years, up to 3.1% of the patients had a second episode of TB. Only one recurrent case 
showed different genotypes, suggesting exogenous re-infection. Re-infection is possible 
among people in low-risk areas, but the rates are lower than those occurring in high-risk 
areas (Cacho et al., 2007). On the other hand, in countries with high incidence as India, most 
of the recurrences after successful treatment of TB are due to exogenous reinfection in HIV-
infected persons, in contrast to endogenous reactivation in HIV-uninfected persons. 
Strategies for prevention and treatment of TB infection must take these findings into 
consideration (Narayanan et al., 2010). Conversely, one study carried out in Karinga 
Malawi, concluded that HIV increases the rate of recurrent TB by increasing the rate of 
reinfection disease (Crampin et al., 2010). Other authors reviewed different studies on 
recurrence and argued that, apart from extreme situations, the problem of recurrence due to 
reinfection has few implications for TB-control programmes (Lambert et al., 2003). 

3.2.3 Limits of IS6110 as epidemiological tool 

A common dilemma of the different markers used for typing tuberculosis, including IS6110, 

is how to interpret the variability of the patterns. If two M. tuberculosis isolates from 2 
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different patients present the same genotype, transmission may have occurred between 

them. However, once transmission has occurred, the genotypes may change, resulting in 

divergent fingerprints. The advantage of IS6110 as marker is that the clock of change of the 

IS6110 patterns was determined in serial isolates; the half-life was extrapolated to be 3.2 

years. These changes were predicted more common for persons with extrapulmonary 

disease and for those who had both pulmonary and extrapulmonary isolates. This fact 

supported the use of IS6110 typing in epidemiologic studies of recent transmission of TB (de 

Boer et al., 1999). The results of a study carried out to estimate the recent transmission based 

on IS6110-RFLP suggested that the interpretation of the recent transmission index, and the 

resulting necessary public health interventions, will vary according to how researchers 

account for spontaneous mutation when estimating transmission from the genotyping data 

(Benedetti et al., 2010). 

In spite of all the studies carried out with this genomic element, some limitations have been 

found. Besides the technical difficulties that IS6110 typing presents for some laboratories 

(the long time that the mycobacteria requires to growth, the equipment and the software 

required for the analysis), this method have also demonstrated difficulties for differentiating 

LCS, including M. bovis strains and is unable to identify strains with cero copies. Some 

studies have solved this problem by applying a second technique for these cases (Thong-On 

et al., 2010). Other studies with high prevalence of strains with LCS do not recommend this 

technique in their settings (Asgharzadeh et al., 2011). Mixed infections represent another 

limitation, which could be underestimated using IS6110-RFLP and could be confused with 

exogenous reinfection (Shamputa et al., 2006). The mixed tuberculosis infection suspected as 

a result of the IS6110-RFLP method could be clearly identified by MIRU-VNTR typing, 

which is more sensitive for the detection of multiple M. tuberculosis strains (Allix et al., 2004). 

4. The tails: Risks of IS6110 

Understanding the changes that occur in genomes among isolates of M. tuberculosis would 
give insights into their corresponding differences causing disease.  

Many mechanisms can be related to changes in the bacterial genomes, being those mediated 

by ISs one of the most relevant and better studied (Galas & Chandler, 1989). According to 

general data, it was considered that among 5 to 15% of spontaneous mutations in the 

bacterial genomes were due to changes in the ISs locations.  

The more common mechanism used by IS to move along genomes is transposition following 

the enzymatic activity of their encoded transposases, this transposition could lead to the 

generation of 3-4bp direct repeats (DR) immediately flanking the IS sequences, as it occurs 

to IS6110 (Thierry et al., 1990b). Recombination is also another mechanism participating in 

the changes of the location of ISs along the genomes. All those mechanisms lead to IS 

mediated gene rearrangements, inversions, deletions etc in the bacterial genomes. 

ISs could have also some polar effect on the flanking genes, particularly on downstream 

genes. It has been demonstrated the occurrence of gene activation due to the presence of 

out-warding promoters within the elements as well as the formation of new promoters upon 

insertion (Galas & Chandler, 1989). 
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All those changes could be a risky to the bacteria’s genomes integrity, being the carriage of 
mobile IS either a potential enemy with deadly influence on the bacterial fitness or a helpful 
ally contributing to the improvement of that fitness. Our current knowledge on how the 
IS6110-mediated mutations influence in the genome plasticity of the M. tuberculosis genome 
will be reviewed herewith. 

4.1 Moving along the genome 

The numerous studies published on IS6110-RFLP with epidemiological purposes showed a 
high level of variability in the locations of this IS along the M. tuberculosis genome (see part 
3.2). On the basis of those results the rate of transposition of IS6110 was estimated to be 
about 18% over a period of 5-6 years. However it seems evident that the events of 
transposition are related to changes in the environment in which the bacteria are involved. It 
was suggested that transpositional events occur following mutational burst instead of 
following a constant mutation rate; this can explain the observation that changes in RFLP 
patterns would occurred more frequently during transmission and before diagnosis (soon 
after the bacilli enter inside the host) or after relapses or any other main event during the 
course of the infection (Schürch et al., 2010). In agreement to this consideration, two rather 
different half-life times were calculated for the IS6110-RFLP patterns stability in serial 
patient’s isolates: 0.6 and 10.7 years; this most probably be due to changes in the patient’s 
management or to the course of the infection in the different settings compared (Schürch et 
al., 2010).  

Independently of why, how or when its transpositions occurred, IS6110 mediates genome 

plasticity of members of the MTBC, and that plasticity is ongoing both under controlled 

environment in vitro and during infection in vivo (Fang et al., 1999b).  

To confirm the last assertion, some papers described changes in the RFLP pattern during 

infection. This is showing that microevolution of the bacilli mediated by IS could occur not 

only during transmission between patients but also during the course of the disease in a 

single patient (Al-Hajoj et al., 2010). Besides, the comparison of the whole-genomes of six 

different H37Rv strains, collected from several laboratories, showed that multiple IS6110 

transposition events have occurred in the genome even under in vitro “controlled” 

environments (Ioerger et al., 2010). 

4.1.1 How to identify the IS6110 insertion sites 

Since late nineties, several methods have been applied to identify and sequence the loci in 

which the IS was integrated inside the genome. The methods applied for the identification 

and sequence of the flaking-regions included cloning of the agarose-excised hybridizing 

bands (Beggs et al., 2000); reverse dot blot assay (Steinlein & Crawford, 2001); whole-

genome microarrays (Kivi et al., 2002), ligation-mediated PCR (Otal et al., 2008) and 

construction of BACs libraries (Alonso et al., 2011) among others. All these procedures are 

usually cumbersome and show difficulties to detect all the insertions present, particularly in 

those strains carrying high IS6110 copy number. 

The development of high throughput whole-genome sequencing procedures has allowed 
the overcome of some of those difficulties, however this procedure is so far not of general 
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applicability. Whole-genome sequences of tens of MTBC strains are currently finished or at 
several degrees of accomplishment, however, that number could not compete with the 
thousand IS6110-RFLP patterns already registered at the available data-bases. 

New technologies are being currently under development aiming to determine the IS6110 
insertional sites of a high number of M. tuberculosis isolates by using high-throughput 
methodologies, such as the Masive-Insertion Site sequencing (IS-seq) (Sandoval et al., ESM-
2010). Such a kind of procedures will surely help to unravel the IS flanking region sequences 
in a more feasible manner. 

4.1.2 Where IS6110 can be inserted 

The identification of the sites of insertion, and its relationships with the phenotype of the 
corresponding strain, could allow to have insights into the biological meaning of the genes 
targeted. The identification of those sites showed that this element could interrupt coding 
regions as well as be located in non-coding sequences (Fang et al., 1999a). The interruption 
of coding regions can be seen as a sort of natural knock-out mutation of the target gene. On 
the other hand, the insertion of the element in non-coding regions would have secondary 
consequences, such as the increasing or decreasing of the expression of the neighbouring 
genes (McEvoy et al., 2007).  

The high variation detected in the RFLP pattern comparing multiple M. tuberculosis isolates 

showed apparent lack of preferential location of the IS in the bacterial genome. However, 

one of the first conclussions made evident was that the insertion was not fully at random.  

Hermans and co-workers showed the first hot-spot integrative region in the genome described 

for this element, known as Direct Repeat (DR) locus (Hermans et al., 1991). With minor 

exceptions, all members of the MTBC carry a copy of the IS6110 integrated in that locus, and 

that characteristic has been exploited for the development of a widely applied typing 

procedure called Spoligotyping (see part 3.2). Later on, another hot-spot site of integration was 

described, namely the insertional preferential locus (ipl) (Fang et al., 1997). It was shown that this 

corresponded to the ORF of the virulent reference strain Rv0797 that encodes for another 

insertion sequence, IS1547 (see part 1.2). These preferential integration sites, are characterized 

by the occurrence of insertion in more than one site close each other (Sampson et al., 2001). The 

list of preferential sites for the insertion of this element identified at the moment rose to about 

half a dozen and most probably will be increased (McEvoy et al., 2009).  

Appart of the identification of preferential loci for the IS6110 insertions, the location of the 
insertions along the genome was not equally organized. After the complete genome 
sequence of the reference virulent strain, namely H37Rv, the IS6110 was found to be 
inserted more often in some genome regions, on the contrary, other regions lacked in the 
presence of this IS (Cole et al., 1998). Up to near the 800 first kbp from the origin replication 
fail in carrying copies of IS6110 in the strain H37Rv. Besides, IS6110 was otherwise located 
more or less randomly along the rest of the genome. The conclusion was that this part of the 
genome could be more abundant in essential genes. This result was also seen when studies 
of other strains were accomplished. 

Comparison of the IS6110-RFLP pattern to the corresponding list of insertion loci showed 
that RFLP has limited level of discriminative power. Thus, the finding of more insertion loci 
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than RFLP bands is not a rare event (Beggs et al., 2000; Warren et al., 2000; Alonso et al., 
2011). This result is more evident in those strain carrying high copy number of the IS. 

The influence that the insertion could have in the content of active/non active genes was 

considered that could give insights into the number of genes required for infection, being 

thus a source of information to detect which were the genes or gene content essential for 

virulence (McEvoy et al., 2007).  

Some works were devoted to compare the insertion loci of virulent with those of avirulent 
strains. The attenuated vaccine strain M. bovis BCG has major differences on the content of 
IS6110 compared to the virulent strain M. tuberculosis H37Rv: one and 16 copies respectively. 
However the IS6110 copy number per genome not appears to be related to the attenuation of 
the bacilli (see part 5). In fact, the avirulent strain H37Ra has a supplementary copy 
compared to its parenteral strain the virulent H37Rv. Comparison of H37Rv and H37Ra 
genomes showed two main differences among them mediated by the insertion of IS6110. 
However these changes have not a clear role in the attenuation of the avirulent strain (Brosh 
et al., 1999). 

Comparison of several BCG strains showed differences among them in relation to IS6110. 

The “ancestral” BCG (for example, BCG tokio) carries two copies of the IS sited in the DR 

region and upstream the two component system phoP-phoR (see part 4.2). This last copy was 

lost in the “modern” BCG (for example, BCG pasteur) that has a single copy inserted in the 

preferential loci mentioned, namely DR region (Brosh et al., 2007).  

Identification of essential genes could be also possible through the detection of those never 

carrying inserted ISs, following the assessment that those mutations could be deleterious for 

the bacteria. An in silico study, based on previous experimental data, estimated that the M. 

tuberculosis genome contains 35% of essential genes (Lamichhane et al., 2003). Even though 

the data on genome loci with insertion identifies transposition/recombination events either 

in coding or in non-coding regions, generally speaking, there has been detected higher 

number of insertion loci inside coding region. However, the non-coding sequences represent 

only 10% of the genome suitable to host IS. Therefore the proportion of insertions inside 

non-coding region is actually higher compared to the proportion of insertions inside coding 

regions (Table 3). This could represent a sort of “ORF-preserving” behaviour of the genome 

variability mediated by IS6110 transposition. This is consistent with the suggestion of a 

greater selection against intra-genic insertion in M. tuberculosis during infection in vivo than 

when grown in vitro (Yesilkaya et al., 2005).  

In a study conducted over 161 clinical isolates of M. tuberculosis, the insertion sites of the 

IS6110 were determined (Yesilkaya et al., 2005). Only 100 ORF were affected by insertion, 

and was considered by the authors that represented a global low number of non-essential 

genes. In conclusion most of the genes in M. tuberculosis might play important role for 

infection and transmission. 

From the data obtained thus far, a high proportion of the IS6110 coding-targeted genes 

correspond to the functional category containing PE-PPE group of genes (see references in 

Table 3). These genes are very characteristics of the MTBC members and are considered 

related to the antigen variability of the bacilli (McEvoy et al., 2009). 

www.intechopen.com



 
Understanding Tuberculosis – Deciphering the Secret Life of the Bacilli 

 

72

Reference 
Isolates
studied 

Sites 
identified

Coding 
(%) 

Non 
coding (%)

Comments 

Beggs et al., 2000 
Alonso et al., 2011 

3 32 13 (0.33) 19 (4.3) 
M. tuberculosis  
Beijing family 

Warren et al., 2000 
Sampson et al., 2001

34 97 57 (1.44) 33 (7.5) 
Identified 13  
preferential loci 

Kivi et al., 2002 8 41 28 (0.7) 13 (2.9) (a) 
Yesilkaya et al., 2005 161 818 491 (0.12) 327 (0.74)  

Otal et al., 2008 7 12 6 (0.15) 6 (1.36) M. bovis 

Table 3. Number of IS6110 inserted sites recorded from the literature. Percentages were 
approximate considering that 90% and 10% of the genome corresponded respectively to 
coding and non-coding sequences.  
(a) With the exception of the direct repeat loci, all low copy number strains analyzed in this 
study have IS6110 inserted exclusively inside coding regions. 

As previously mentioned, the hallmark that identifies the transposition of IS6110 is the 

presence of 3-4bp direct repeats immediately flanking the IS sequence. The current 

availability of annotated whole genome sequences of members of the MTBC allow to 

differentiate, for each of the IS copy, if the insertion was due to transposition or 

recombination mechanisms. According to the data derived from 81 insertions in 10 of those 

members, transposition is the more frequent mechanism used by this IS to be inserted into 

the MTBC genome regardless the number of copies carried by the genome or the target 

sequence (insertion into coding or no-coding regions) (Table 4). In all cases, the insertion in 

the direct repeat loci has been as consequence of a transposition event. 

 

MTBC copies of IS6110 3-4bp no bp repeat 

M. tuberculosis H37Rv 16 12 4 
M. tuberculosis H37Ra 17 13 4 
M. tuberculosis CDC1551 4 4 0 
M. tuberculosis KZN 14 9 5 
M. tuberculosis F11 17 15 2 
M. africanum 7 6 1 
„M. canettii“ 2 1 1 
M. bovis 1 1 0 
M. bovis BCG Pasteur 1 1 0 
M. bovis BCG Tokio 2 2 0 

TOTAL 81 64 (79%) 17 (21%) 

Table 4. Data collected from whole genome sequences of the corresponding strains 
(http://www.ncbi.nlm.nih.gov/). For each genome, the number of copies of the IS6110 per 
genome was indicated as well as how many carry or not the 3-4bp direct repeat sequence. 

4.1.3 IS6110 in the genome of the Beijing family 

Efforts were addressed on the study of clinical isolates particularly relevant under 
microbiological, clinical or epidemiological aspects. This was the case of members of the 
Beijing family. 
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Since the first description in 1995, the M. tuberculosis Beijing strain becames a main health 
problem worldwide. It was responsible of one of the most important outbreaks due to 
multidrug-resistant strain in the USA during the early nineties (Moss et al., 1997). The M. 
tuberculosis Beijing identifies a family that includes highly transmissible drug resistant and 
drug susceptible strains, being currently responsible of about one third of the global TB 
cases (Alonso et al., 2011).  

The members of the Beijing family usually are high copy number strains (HCS) of IS6110 
(between 15-25 copies per genome) suggesting the relevance of this element in the 
variability of their genomes. Supporting this possibility, sublineages of this family were 
identified to carry an important genome duplication that involves up to 8% of the genome 
(corresponding to more than 300 genes). Copies of IS6110 were identified flanking that 
duplication, thus suggesting the occurrence of homologous recombination event mediated 
by this IS (Domenech et al., 2010). 

The insertion sites of IS6110 of two drug resistant Beijing strains (W and 210) were 
determined (Beggs et al., 2000). These strains shared up to 17 insertion sites. Several features 
related to IS6110 characterize this family, such as the presence of one copy in the oriC region, 
the deletion of the right-site DR spacers (from spacers 1 to 34) and similar RFLP multiband 
pattern profile (Hanekom et al., 2011). 

Recently, in a study undertaken in the laboratory of one of the authors (Alonso et al., 2011) 
the insertion sites of another Beijing strain were determined and compared to those from 
strains W and 210. A higher proportion of insertion in non-coding region was found 
including one locus with putative promoter-influence activity (see part 4.2). Nine loci 
common to all three Beijing strains, including the oriC, were also identified.  

The presence of the IS in oriC, the region that control the replication of the genome, is 
expected to have some influence on the synchronization of the bacterial cell division (Casart 
et al., 2008). This site is currently considered a preferential locus, and multiple transposition 
events were described in several clinical isolates from patients in Caracas (Venezuela) 
(Turcios et al., 2009). Both the infection in the animal model as well as the in vitro growth 
rate were further analyzed for those clinical strains, and compared to strains lacking in IS at 
the oriC region (Casart et al., 2008). The presence of IS6110 in the origin of replication 
enlarge the bacilli and causes slow growth rate in vitro; besides the IS apparently causes 
attenuation in the animal model. 

4.2 Switching on and off genes 

To date, the data collected on M. tuberculosis confirm that its genome is highly conserved. 
This result raises the possibility that differences among isolates be more likely found 
through the study of regulatory and/or metabolic pathways. Taken into consideration the 
previous assertion, we should not forget that a big proportion of the ORFs identified in the 
tubercle bacilli are of unknown function. Nevertheless, following the previous statement, 
the insertion of IS6110 outside ORFs even though saves the bacilli of direct knockout of 
one/several gene, could putatively have important consequences for gene expression and 
then influence in the metabolic activity of the bacilli. 

IS insertion could interfere both the initiation and the termination of gene expression 
providing it inserted up- or down-stream the gene coding sequence. It is considered that the 
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influence of the IS on the downstream genes is related to the distance among the gene and 
the 3’-end of the IS. Thus, a promoter influence is possible within the range of 31 to 300bp of 
distance among them.  

This could be due to a polar effect of the IS and also due to the presence of an outward 

promoter that was identified close to the 3’-end of IS6110 (Safi et al., 2004; Soto et al., 

2004). 

The promoter carried by IS6110 has the relevance of being activated inside monocytes (Safi 

et al., 2004) and its activity was demonstrated in several genes not only in the strain H37Rv 

but also in other clinical strains including Beijing strains (Safi et al., 2004). Remarkably that 

promoter activity has been demonstrated by the upregulation of the main two-component 

system of this bacterium, namely phoP/phoR (Soto et al., 2004).  

In this context, it is noteworthy the presence of the IS inserted between dnaA-dnaN proteins 

that control the genome replication. This insertion was identified in many strains including 

several belonging to the Beijing family (see part 4.1.3). Moreover the IS could be inserted in 

both directions in this region (Turcios et al., 2009; Casart et al., 2008) having thus putatively 

a variable influence on the bacterial cell division.  

 

Reference  bacteria/strain ORFs (genes) 

Soto et al., 2004 M. bovis Rv0757 (phoP/phoR) 
Safi et al., 2004 M. tuberculosis Rv0797 and Rv3327 (IS1547) 

Rv1468c (PE-PGRS) 
Rv2166c, Rv2478c and Rv3188 (CHP*) 
Rv2288 (FAD-cofactor containing domain) 

Turcios  
et al., 2009 

M. tuberculosis Rv0002 (dnaN) 

McEvoy  
et al., 2009 

M. tuberculosis Rv2352c, Rv2353c and Rv2354c  
(PPE38, PPE39 and PPE40 respectivily) 

Alonso  
et al., 2011 

M. tuberculosis/GC1237 Rv1468c (PE-PGRS) 
Rv2179c (CHP*) 
Rv3427c (IS1532) 

* CHP: Conserved Hypothetical Protein. 

Table 5. Identified genes located under the putative influence of the IS6110 promoter 
activity. Changes in the gene expression were demonstrated in some of the cases.  

Much effort should be used to complete the record of the loci in which IS6110 was inserted. 

That knowledge will much help to our understanding of the mechanisms used by the 

tubercle bacilli to cause Tuberculosis so successfully.  

5. The IS6110 content: How many are the best number? 

A high variability in number of IS6110 is observed amongst the different strains of the 

MTBC. While M. bovis usually has a unique copy, M. tuberculosis varies from zero to 

twenty five. In any case, it is difficult to answer the question: What is the best number for 

the bacteria? 
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5.1 M. tuberculosis low copy number strains (LCS) & high copy number strains (HCS) 

M. tuberculosis strains with less than six copies of IS6110 are usually referred as low copy 
number strains (LCS) in the literature. A few clinical investigations reported the presence of 
LCS in regions as India, Vietnam or Tanzania. (Barlow et al., 2001; Sankar et al., 2011a). The 
66% of the M. tuberculosis strains isolated in Tiruvallur, South India, presented a single copy 
of the IS6110 or LCS (Shanmugam et al., 2011). In Kanpur district, , North India, the 17% of 
the M. tuberculosis isolates were LCS (Purwar et al., 2011). High copy number M. tuberculosis 
strains (HCS), with six or more copies of IS6110, were reported by a greater number of 
papers. One study from Brazil, reported that 93.6% of M. tuberculosis strains had at least six 
copies ranging from 1 to 18 (Suffys et al., 2000). In San Francisco, of 1,326 isolates 
investigated, 90% had six o more copies and only two isolates had no copies of IS6110 (Yang 
et al., 1998).  

A majority (96.2%) of the 183 strains fingerprinted from Kampala were HCS. These strains 

were isolated from patients with known HIV sero-status. The number of IS6110 copies 

ranged from 1 to 20 and the frequency of occurrence of IS6110 bands was similar between 

the two serogroups. The most prevalent pattern observed had 14 copies of IS6110 with the 

same distribution comparing HIV seropositive and HIV seronegative patients (Asiimwe et 

al., 2009).  

Chauhan et al analyzed 308 isolates of M. tuberculosis from different parts of India and 56 

per cent of the isolates showed HCS of IS6110. At the regional level, there was not much 

difference in the IS6110 copy numbers of isolates from different parts of that country 

(Chauhan et al., 2007). 

A long term population based study analysing 1759 clinical strains from the state of 

Alabama showed that 65% corresponded with HCS. The results of this study demonstrated 

that clustering cases is clearly associated with different social factors and risk behaviors but 

not with high or low number of copies of the IS6110 (Kempf et al., 2005). 

5.2 Are there any clinical properties associated to LCS or HCS? 

After revision of the literature looking for the origin of outbreaks including MDR cases, it 

was evident that both LCS and HCS were involved in outbreaks at similar proportion. Some 

examples of large outbreaks in population studies showing different copy number strains 

are listed in Table 6. 

The Beijing family is one of the lineages with the highest number of copies of IS6110 (see 

part 4.1.3). There are controversies among the behaviour of the Beijing lineage. On the one 

hand, a Beijing strain named GC1237 has been responsible of epidemic outbreaks since its 

appeared in the community in 1993 (Caminero et al., 2001), on the other hand, one study 

conducted in Cape Town (South Africa) found no significant association between the M. 

tuberculosis genotype and transmissibility within the household (Marais et al., 2009). Besides, 

there are outbreaks reported caused by LCS, as was the extensive transmission of M. 

tuberculosis in a rural population with minimal risk factors for TB. This strain was 

designated as CDC 1551 and the fingerprint showed only 4 copies of the IS6110 (Valway et 

al., 1998). 
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Because in most population-based studies the proportion of cases with isolates that have 

five or fewer copies of IS6110 is low, the impact of these cases in the study of the overall 

transmission of tuberculosis in a community will be low.  

 

 
Strain name Family 

Ner copies 
IS6110 

Reference 

Susceptible 
strains 

   
 

Zaragoza  
MTZ U 12 

Lopez-Calleja  
et al., 2009 

The Netherlands  Harlingen Type Haarlem 12 Kiers et al., 1997 
Canarias GC1237 Beijing 19 Caminero, et al., 2001 
Greenland GC2  10 Søborg, et al., 2001 
New York CDC1551  4 Kelley et al., 1999 
MDR / XDR 
strains 

   
 

South- Africa KNZ LAM 13 Streicher et al. 2011 
Argentina M Haarlem 8 Ritacco et al., 1997 
Spain MBZ Bovis 2 Samper et al., 2007 
New York W Beijing 23 Bifani et al., 1996 

Table 6. M. tuberculosis complex strains causing large outbreaks. 

5.3 LCS versus HCS and IS6110 location 

Several reports have strongly suggested that the severity and clinical manifestations of 
tuberculosis depend on the immunogenicity and pathogenicity of the infecting M. 
tuberculosis strain. In this regard the IS6110 sequence varies in number and position within 
the genome generating a high level of DNA polymorphism among strains.  

The location of IS6110 in M. bovis isolates from endogenous reactivation cases from elderly 
people were studied in comparison to the bovine M. bovis strains, concluding that the 
presence of more copies in human strains could be related to the adaptation from the animal 
to the human host (Otal et al., 2008). 

In addition to the DR locus, Fomukong et al. detected a highly preferred site of insertion of 

IS6110, namely “DK1”, in M. tuberculosis strains with low copy number. However, the 

prevalence of this site decreases in HCS, suggesting a separate lineage for the HCS and the 

LCS (Fomukong et al., 1997). This contrasted with the M. bovis strains analysed without 

copy inserted at the same genomic position that M tuberculosis strains (Otal et al., 2008). This 

agreed with the idea that LCS of M. tuberculosis and M. bovis evolved separately after the 

progenitor acquired IS6110 at the DR region. According to Fomoukong et al (1997), among 

the different Beijing strains analysed until now, no IS6110 has been detected in the DK1 

locus (data not shown).  

Molecular epidemiological data support the observation that the copy-number of IS6110 in 
members of the MTBC may change over time. Factors affecting this rate may include the 
nature and duration of disease in a host and the opportunity to go through different host 
environments during the transmission cycle.  

www.intechopen.com



 
IS6110 the Double-Edged Passenger 

 

77 

IS6110 has been also checked as a tool to analyze the evolution of members of the MTBC. 
Transposition may have influence on the evolution of the strains, thus the parental strains 
should carry low copy number and the descendant, more evolved, would carry high copy 
number. One example that theoretically support that consideration is the Beijing family, 
members of this family are IS6110 high copy-number and have shown high prevalence and 
high transmissibility (Mc Evoy et al., 2007). These characteristics could be seen as selective 
advantages of bacteria to its main purpose: infect humans (Hanekom et al., 2011). However 
the previous statement was theoretically possible, the presence of preferential sites, together 
to the presence of forbidden sites makes the study of IS6110 variation in the genomes useless 
as evolutionary tool (Kivi et al., 2002).  

6. References  

Al-Hajoj, S.A.; Akkerman, O.; Parwati, I.; al-Gamdi, S.; Rahim, Z.; van Soolingen, D.; van 
Ingen, J.; Supply, P. & van der Zanden, A.G. (2010). Microevolution of 
Mycobacterium tuberculosis in a tuberculosis patient. Journal of Clinical Microbiology. 
Vol.48, No.10, (October 2010), pp. 3813-3816, ISSN 0095-1137. 

Allix, C.; Supply, P. & Fauville-Dufaux, M. (2004). Utility of fast mycobacterial interspersed 
repetitive unit-variable number tandem repeat genotyping in clinical 
mycobacteriological analysis. Clinical Infectious Diseases, Vol.39, No.6, (September 
2004), pp.783-789, ISSN 1058-4838, online ISSN 1537-6591. 

Alonso, H.; Aguilo, J.I.; Samper, S.; Caminero, J.A.; Campos-Herrero, M.I.; Gicquel, B.; 
Brosch, R.; Martín, C. & Otal, I. (2011). Deciphering the role of IS6110 in a highly 
transmissible Mycobacterium tuberculosis Beijing strain, GC1237. Tuberculosis 
(Edinb). Vol.91, No.2, (March 2011), pp. 117-126, ISSN 1472-9792. 

Armand S, Vanhuls P, Delcroix G, Courcol R & Lemaitre N. (2011)..Comparison of the Xpert 
MTB/RIF test with an IS6110-TaqMan real-time PCR assay for direct detection of 
Mycobacterium tuberculosis in respiratory and nonrespiratory specimens. Journal of 
Clinical Microbiology. Vol.49, No.5, (May 2011), pp. 1772-1776, ISSN 0095-1137 

Asgharzadeh, M.; Kafil, HS.; Roudsary, AA.; Hanifi, GR. (2011). Tuberculosis transmission 
in Northwest of Iran: using MIRU-VNTR, ETR-VNTR and IS6110-RFLP methods. 
Infection, Genetics and Evolution. Vol.11, No.1, pp. 124-131, (January 2011), ISSN: 
1567-1348.  

Asiimwe, BB.; Joloba, ML.; Ghebremichael, S.; Koivula, T.; Kateete, DP.; Katabazi, FA.; 
Pennhag, A.; Petersson R. & Kallenius, G. (2009). DNA restriction fragment length 
polymorphism analysis of M. tuberculosis isolates from HIV-seropositive and HIV-
seronegative patients in Kampala, Uganda. BMC Infectious Diseases. Vol.9, No.12, 
(February 2009), ISSN 1471-2334. 

Bannalikar AS, Verma R. (2006). Detection of Mycobacterium avium & M. tuberculosis from 
human sputum cultures by PCR-RFLP analysis of hsp65 gene & pncA PCR Indian 
Journal Medical Research., Vol.123, No.2, (February2006), pp 165 -172, ISSN 0971-
5916 

Barlow RE, Gascoyne-Binzi DM, Gillespie SH, Dickens A, Qamer S & Hawkey PM.(2001) 
Comparison of variable number tandem repeat and IS6110-restriction fragment 
length polymorphism analyses for discrimination of high- and low-copy-number 
IS6110 Mycobacterium tuberculosis isolates. Journal of Clinical Microbiology. Vol.39, 
No.7, (July 2001) pp. 2453-2457, ISSN 0095-1137 

www.intechopen.com



 
Understanding Tuberculosis – Deciphering the Secret Life of the Bacilli 

 

78

Barniol, J.; Niemann, S.; Louis, VR.; Brodhun, B.; Dreweck, C.; Richter, E.; Becher, H.; Haas, 
W. & Junghanss, T. (2009). Transmission dynamics of pulmonary tuberculosis 
between autochthonous and immigrant sub-populations. BMC Infectious Diseases. 
Vol.9, No.197, (December 2009), ISSN 1471-2334. 

Beggs, M.L.; Eisenach, K.D. & Cave, M.D. (2000). Mapping of IS6110 insertion sites in two 
epidemic strains of Mycobacterium tuberculosis. Journal of Clinical Microbiology. 
Vol.38, No.8 (August, 2000), pp. 2923-2928, ISSN 0095-1137. 

Benedetti, A.; Menzies, D.; Behr, MA.; Schwartzman, K. & Jin, Y. (2010). How close is close 
enough? Exploring matching criteria in the estimation of recent transmission of 
tuberculosis. American Journal of Epidemiology Vol.172, No.3, (August 2010), pp. 318-
326, ISSN 0002-9262.  

Bifani, P.J.; Plikaytis, B.B.; Kapur, V.; Stockbauer, K.; Pan, X.; Lutfey, M.L.; Moghazeh, S.L.; 
Eisner, W.; Daniel, T.M.; Kaplan, M.H.; Crawford, J.T.; Musser, J.M. & Kreiswirth, 
B.N. (1996). Origin and interstate spread of a New York City multidrug-resistant 
Mycobacterium tuberculosis clone family. JAMA, Vol.275, No.6, (February 1996), pp. 
452-457, ISSN: 0098-7484. 

Bifani, P.J.; Mathema, B.; Campo, M.; Moghazeh, S.; Nivin, B.; Shashkina, E.; Driscoll, J.; 
Munsiff, S.S.; Frothingham, R. & Kreiswirth, B.N. (2001). Molecular identification of 
streptomycin monoresistant Mycobacterium tuberculosis related to multidrug-
resistant W strain. Emerging Infectious Diseases. Vol.7, No.5, (September-October 
2001), pp. 842-848, ISSN: 1080-6059. 

Boondireke, S.; Mungthin, M.; Tan-ariya, P.; Boonyongsunchai, P.; Naaglor, T.; 
Wattanathum, A., Treewatchareekorn, S. & Leelayoova S. (2010). Evaluation of 
sensitivity of multiplex PCR for detection of Mycobacterium tuberculosis and 
Pneumocystis jirovecii in clinical samples. Journal of Clinical Microbiology. Vol.48, No.9 
(September, 2010), pp. 3165-3168, ISSN 0095-1137. 

Brisson-Noel A, Aznar C, Chureau C, Nguyen S, Pierre C, Bartoli M, Bonete R, Pialoux G, 
Gicquel B, Garrigue G. (1991) Diagnosis of tuberculosis by DNA amplification in 
clinical practice evaluation. Lancet. Vol. 338, No. 8763 (August, 1991), pp. 364-366, 
ISSN 0140-6736. 

Brosch, R.; Philipp, W.J.; Stavropoulos, E.; Colston, M.J.; Cole, S.T. & Gordon, S.V. (1999). 
Genomic analysis reveals variation between Mycobacterium tuberculosis H37Rv and 
the attenuated M. tuberculosis H37Ra strain. Infection and Immunity. Vol. 67, No. 11 
(November, 1999), pp. 5768-5774, Erratum in: Infect Immun 2000 Jan;68(1):427. 
ISSN 0019-9567. 

Brosch, R.; Gordon, S.V.; Eiglmeier, K.; Garnier, T.; Tekaia, F.; Yeramian, E. & Cole, S.T. 
(2000). Genomics, biology, and evolution of the Mycobacterium tuberculosis complex. 
In: Molecular Genetics of Mycobacteria, Hatfull, G. F. & Jacobs, W. R. Jr (Eds), pp. 19-
36, American Society for Microbiology Press, ISBN 1-55581-191-4, Washington DC, 
USA. 

Brosch, R.; Gordon, S.V.; Garnier, T.; Eiglmeier, K.; Frigui, W.; Valenti, P.; Dos Santos, S.; 
Duthoy, S.; Lacroix, C.; Garcia-Pelayo, C.; Inwald, J.K.; Golby, P.; Garcia, J.N.; 
Hewinson, R.G.; Behr, M.A.; Quail, M.A.; Churcher, C.; Barrell, B.G.; Parkhill, J. & 
Cole, S.T. (2007) Genome plasticity of BCG and impact on vaccine efficacy. Proc 
Natl Acad Sci U S A. Vol. 104, No. 13, (March 2007), pp. 5596-5601, ISSN 0027-8424. 

www.intechopen.com



 
IS6110 the Double-Edged Passenger 

 

79 

Cacho, J.; Pérez Meixeira, A.; Cano, I.; Soria, T.; Ramos Martos, A.; Sánchez Concheiro, M.; 
Samper, S.; Gavin, P. & Martín, C. (2007). Recurrent tuberculosis from 1992 to 2004 
in a metropolitan area. European Respiratory Journal. Vol.30, No.2, (August 2007), pp. 
333-337, ISSN: 0903-1936. 

Caminero, J.A., Pena, M.J., Campos-Herrero, M.I., Rodríguez, J.C., García, I., Cabrera, P., 
Lafoz, C., Samper, S., Takiff, H., Afonso, O., Pavón, J.M., Torres, M.J., van 
Soolingen, D., Enarson, D.A. & Martin, C. (2001). Epidemiological evidence of the 
spread of a Mycobacterium tuberculosis strain of the Beijing genotype on Gran 
Canaria Island. American Journal of Respiratory and Critical Care Medicine, Vol. 164, 
No.7, (October 2001), pp. 1165-1170, ISSN: 1073-449X. 

Casart, Y.; Turcios, L.; Florez, I.; Jaspe, R.; Guerrero, E.; de Waard, J.; Aguilar, D.; 
Hérnandez-Pando, R. & Salazar, L. (2008). IS6110 in oriC affects the morphology 
and growth of Mycobacterium tuberculosis and attenuates virulence in mice. 
Tuberculosis (Edinb). Vol. 88, No. 6, (November 2008), pp. 545-552, ISSN 1472-9792. 

Causse M, Ruiz P, Gutierrez-Aroca JB & Casal M.(2011). Comparison of two molecular 
methods for rapid diagnosis of extrapulmonary tuberculosis. Journal of Clinical 
Microbiology. Vol.49, No. 8, (August 1990) pp. 3065-3067, ISSN 0095-1137. 

Chauhan DS, Sharma VD, Parashar D, Chauhan A, Singh D, Singh HB, Das R, Aggarwal 
BM, Malhotra B, Jain A, Sharma M, Kataria VK, Aggarwal JK, Hanif M, Shahani A 
& Katoch VM. (2007) Molecular typing of Mycobacterium tuberculosis isolates from 
different parts of India based on IS6110 element polymorphism using RFLP 
analysis. Indian Journal Medical Research. Vol. 125, No.4, (April 2007), pp. 577-581, 
ISSN 0971-5916. 

Cheng VC, Yam WC, Hung IF, Woo PC, Lau SK, Tang BS &Yuen KY. (2004). Clinical 
evaluation of the polymerase chain reaction for the rapid diagnosis of tuberculosis. 
Journal of Clinical Pathology. Vol. 57, No. 3, (September 2004), pp. 281-285, ISSN 
1472-4146. 

Cho SN. (2007). Current issues on molecular and immunological diagnosis of tuberculosis. 
Yonsei Medical Journal. Vol. 48, No. 3, (June 2007), pp. 347-359, ISSN 0513-5796. 

Cole, S. T.; Brosch, R.; Parkhill, J.; Garnier, T.; Churcher, C.; Harris, D.; Gordon, S. V.; 
Eiglmeier, K.; Gas, S.; Barry, C. E. 3rd; Tekaia, F.; Badcock, K.; Basham, D.; Brown, 
D.; Chillingworth, T.; Connor, R.; Davies, R.; Devlin, K.; Feltwell, T.; Gentles, S.; 
Hamlin, N.; Holroyd, S.; Hornsby, T.; Jagels, K.; Krogh, A.; McLean, J.; Moule, S.; 
Murphy, L.; Oliver, K.; Osborne, J.; Quail, M. A.; Rajandream, M. A.; Rogers, J.; 
Rutter, S.; Seeger, K.; Skelton, J.; Squares, R.; Squares, S.; Sulston, J. E.; Taylor, K.; 
Whitehead, S.; Barrell, B. G. (1998). Deciphering the biology of Mycobacterium 
tuberculosis from the complete genome sequence. Nature, Vol. 393, No. 6685, (June 
1998), pp. 537-544, ISSN 0028-0836. 

Collins, D. M. & Stephens, D. M. (1991). Identification of an insertion sequence, IS1081, in 
Mycobacterium bovis. FEMS Microbiology Letters, Vol. 67, No. 1, (September 1991), pp. 
11-15, ISSN 1574-6968. 

Cox, HS.; Kubica, T.; Doshetov, D.; Kebede, Y.; Rüsch-Gerdess, S. & Niemann, S (2005). The 
Beijing genotype and drug resistant tuberculosis in the Aral Sea region of Central 
Asia. Respiratory Research. Vol.8, No.6, pp. 134. (November 2005), ISSN: 1465-9921. 

Crampin, AC.; Mwaungulu, JN.; Mwaungulu, FD.; Mwafulirwa, DT.; Munthali, K.; Floyd, 
S.; Fine, PE.; Glynn, JR. (2010). Recurrent TB: relapse or reinfection? The effect of 

www.intechopen.com



 
Understanding Tuberculosis – Deciphering the Secret Life of the Bacilli 

 

80

HIV in a general population cohort in Malawi. AIDS Vol. 24, No.3, (January 2010), 
pp. 417-426, ISSN: 1473-5571. 

Das S, Paramasivan CN, Lowrie DB, Prabhakar R, Narayanan PR. (1995). IS6110 restriction 
fragment length polymorphism typing of clinical isolates of Mycobacterium 
tuberculosis from patients with pulmonary tuberculosis in Madras, south India. 
Tubercle Lung Diseases. Vol. 76, No. 6, (December 1995), pp. 550-554, ISSN 0962-
8479. 

de Boer, AS.; Borgdorff, MW.; de Haas, PE.; Nagelkerke, NJ.; van Embden, JD. & van 
Soolingen, D. (1999). Analysis of rate of change of IS6110 RFLP patterns of 
Mycobacterium tuberculosis based on serial patient isolates. The Journal of Infectious 
Diseases. Vol.180, No.4, (October 1999), pp. 1238-1244, ISSN 0022-1899. 

Domenech, P.; Kolly, G.S.; Leon-Solis, L.; Fallow, A. & Reed, M.B. (2010). Massive gene 
duplication event among clinical isolates of the Mycobacterium tuberculosis 
W/Beijing family. Journal of Bacteriology. Vol. 192, No. 18, (September 2010), pp. 
4562-4570, ISSN 0021-9193. 

Dymova, M.A.; Liashenko, O.O.; Poteiko, P.I.; Krutko, V.S.; Khrapov, EA. & Filipenko, M.L. 
(2011). Genetic variation of Mycobacterium tuberculosis circulating in Kharkiv Oblast, 
Ukraine. BMC Infectious Diseases Vol. 11, No.77, (March 2011), ISSN 1471-2334. 

Dziadek, J.; Sajduda, A.; Dale, J. W. & McFadden, J. J. (1998). IS990, a new species-specific 
insertion-sequence-related element of the Mycobacterium tuberculosis complex. 
Microbiology, Vol. 144, No. 12, (December 1998), pp. 3407-3412, ISSN 1350-0872. 

Eisenach, K. D., M. D. Cave, J. H. Bates, and J. T. Crawford. (1990). Polymerase chain 
reaction amplification of a repetitive DNA sequence specific for Mycobacterium 
tuberculosis. Journal of Infectious Disease. Vol. 161, No. 5, (May 1990), pp. 977-981, 
Online ISSN 1537-6613 - Print ISSN 0022-1899. 

Eisenach KD. (1994). Use of an insertion sequence for laboratory diagnosis and 
epidemiologic studies of tuberculosis. Annals Emergency Medicine. Vol. 24, No. 3, 
(September 1994), pp. 450-453, ISSN 0196-0644. 

Ereqat S, Bar-Gal GK, Nasereddin A, Said S, Greenblatt CL, Azmi K, Qaddomi SE, 
Spigelman M, Ramlawi A, Abdeen Z. (2011). Pulmonary tuberculosis in the West 
Bank, Palestinian Authority: molecular diagnostic approach. Tropical Medicine 
International Health. Vol. 16, No. 3, (March 2011) pp. 360-367, ISSN 1360-2276. 

Espy MJ, Uhl JR, Sloan LM, Buckwalter SP, Jones MF, Vetter EA, Yao JD, Wengenack NL, 
Rosenblatt JE, Cockerill FR 3rd, Smith TF. (2006). Real-time PCR in clinical 
microbiology: applications for routine laboratory testing. Clinincal Microbiology 
Reviews. Vol. 19, No. 1, (January 2006 ), pp. 165-256, ISSN 0893-8512. 

Fang, Z. & Forbes, K. J. (1997). A Mycobacterium tuberculosis IS6110 preferential locus (ipl) for 
insertion into the genome. Journal of Clinical Microbiology, Vol. 35, No. 2, (February 
1997), pp. 479-481, ISSN 0095-1137. 

Fang, Z.; Doig, C.; Morrison, N.; Watt, B. & Forbes, K. J. (1999a). Characterization of IS1547, 
a new member of the IS900 family in the Mycobacterium tuberculosis complex, and its 
association with IS6110. Journal of Bacteriology, Vol. 181, No. 3, (February 1999), pp. 
1021-1024, ISSN 0021-9193.  

Fang, Z.; Doig, C.; Kenna, D.T.; Smittipat, N.; Palittapongarnpim, P.; Watt, B. & Forbes, K. J. 
(1999b). IS6110-mediated deletions of wild-type chromosomes of Mycobacterium 

www.intechopen.com



 
IS6110 the Double-Edged Passenger 

 

81 

tuberculosis. Journal of Bacteriology, Vol. 181, No. 3, (February 1999), pp. 1014-20, 
ISSN 0021-9193. 

Fang, Z., Kenna, D. T.; Doig, C.; Smittipat, D. N.; Palittapongarnpim, P.; Watt, B. & Forbes 
K.J. (2001). Molecular Evidence for Independent Occurrence of IS6110 Insertions at 
the Same Sites of the Genome of Mycobacterium tuberculosis in Different Clinical 
Isolates. Journal of Bacteriology, Vol.183, No.18 (September 2001), pp. 5279 – 5284, 
ISSN: 0021-9193.  

Fomukong N, Beggs M, el Hajj H, Templeton G, Eisenach K & Cave MD. (1997) Differences 
in the prevalence of IS6110 insertion sites in Mycobacterium tuberculosis strains: low 
and high copy number of IS6110. Tubercle and Lung Disease. Vol. 78, No. 2, (1998), 
pp. 109-116, ISSN 0962-8479. 

Galas, D.J. & Chandler, M. (1989). In: Mobile DNA, Berg, D.E. & Howe, M.M. (Eds), pp.(109-
162). American Society for Microbiology Press, ISBN 1-55581-191-4, Washington 
DC, USA. 

Garbaccio SG, Cataldi AA. (2010). Evaluation of an immunomagnetic capture method 
followed by PCR to detect Mycobacterium bovis in tissue samples from cattle. Revista 
Argentina Microbiologia. Vol. 42, No. 4, (October-December 2010), pp. 247-253, ISSN 
0325-7541. 

Gavín, P.; Iglesias, MJ.; Jiménez, MS.; Herrera-Leon, L.; Rodríguez-Valín, E.; Rastogi, N.; 
March, J.; González-Palacios, R.; Palenque, E.; Ayarza, R.; Hurra, E.; Campos-
Herrero, I.; Vitoria, MA.; Lezcano, MA.; Revillo, MJ.; Martin, C. & Samper, S (2009). 
Multidrug-resistant Mycobacterium tuberculosis strain from Equatorial Guinea 
detected in Spain. Emerging Infectious Diseases. Vol. 15, No.11, (November 2009), pp. 
1858-1860, ISSN: 1080-6059. 

Gavín, P.; Iglesias, MJ.; Jiménez, MS.; Rodríguez-Valín, E.; Ibarz, D.; Lezcano, MA.; Revillo, 
MJ.; Martín, C. & Samper, S; on behalf of The Spanish Working Group on MDR-TB 
(2011). Long-term molecular surveillance of multidrug-resistant tuberculosis in 
Spain. Infection, Genetics and Evolution. Vol.27, (May 2011) ISSN: 1567-1348.  

Gordon, S. V.; Heym, B.; Parkhill, J.; Barrell, B. & Cole, S. T. (1999). New insertion sequences 
and a novel repeated sequence in the genome of Mycobacterium tuberculosis H37Rv. 
Microbiology, Vol. 145, No 4, (April 1999), pp. 881-892, ISSN 1350-0872.. 

Gordon, S. V. & Supply, P. (2005). Molecular epidemiology of tuberculosis. In: Tuberculosis 
and the Tubercle Bacillus, S. T. Cole, K.D. Eisenach, D. N. MacMurray & W. R. Jacobs 
Jr (Eds.), pp. 191-202. American Society for Microbiology Press, ISBN 1-55581-295-3, 
Washington, DC, USA. 

Gupta N, Sharma K, Barwad A, Sharma M, Rajwanshi A, Dutta P, Sharma A. (2010). 
Thyroid tuberculosis - role of PCR in diagnosis of a rare entity. Cytopathology, 
(November 2010) doi: 10.1111/j.1365-2303.2010.00830. 

Guilhot, C.; Jackson, M. & Gicquel, B. (1999). Mobile Genetic Elements and Plasmids: Tools 
for Genetic Studies. In: Mycobacteria: Molecular Biology and Virulence, Ratledge, C. & 
Dale, J. (Eds), pp. 17-37. Blackwell Publishing Ltd., Print ISBN: 9780632053049, 
Oxford, UK. 

Hanekom, M.; Gey van Pittius, N.C.; McEvoy, C.; Victor, T.C.; Van Helden, P.D. & Warren, 
R.M. (2011). Mycobacterium tuberculosis Beijing genotype: A template for success. 
Tuberculosis (Edinb). (August 2011) ISSN 1472-9792. 

www.intechopen.com



 
Understanding Tuberculosis – Deciphering the Secret Life of the Bacilli 

 

82

Hermans PW, van Soolingen D, Dale JW, Schuitema AR, McAdam RA, Catty D, vanEmbden 
JD. (1990). Insertion element IS986 from Mycobacterium tuberculosis: a useful tool for 
diagnosis and epidemiology of tuberculosis. Journal of Clinical Microbiology. Vol. 28, 
No. 9, (September 1990) pp. 2051-2058, ISSN 0095-1137. 

Hermans, P. W.; van Soolingen, D.; Bik, E. M.; Haas, P. E. de; Dale, J. W. & van Embden, J. 
D. (1991). Insertion element IS987 from Mycobacterium bovis BCG is located in a hot-
spot integration region for insertion elements in Mycobacterium tuberculosis complex 
strains. Infection and Immunity, Vol. 59, No. 8, (August 1991), pp. 2695-2705, ISSN 
0019-9567. 

Hu, Y.; Ma, X.; Graviss, EA.; Wang, W.; Jiang, W. & Xu, B. (2011). A major subgroup of 
Beijing family Mycobacterium tuberculosis is associated with multidrug resistance 
and increased transmissibility. Epidemiology and Infection. Vol.139, No.1, (January 
2011), pp. 130-138, ISSN: 0950-2688. 

Inoue M, Tang WY, Wee SY, Barkham T. (2011).Audit and improve! Evaluation of a real-
time probe-based PCR assay with internal control for the direct detection of 
Mycobacterium tuberculosis complex. European Journal of Clinical Microbiology and 
Infectious Diseases. Vol. 30, No. 1, (January 2011), pp. 131-135, ISSN 0732-8893. 

Ioerger, T.R.; Feng, Y.; Ganesula, K.; Chen, X.; Dobos, K.M.; Fortune, S.; Jacobs, W.R. Jr.; 
Mizrahi, V.; Parish, T.; Rubin, E.; Sassetti, C. & Sacchettini, J.C. (2010). Variation 
among genome sequences of H37Rv strains of Mycobacterium tuberculosis from 
multiple laboratories. Journal of Bacteriology. Vol. 192, No. 14, (July 2010), pp. 3645-
3653, ISSN 0021-9193. 

Kelley, CL. & Collins, FM. (1999) Growth of a highly virulent strain of Mycobacterium 
tuberculosis in mice of differing susceptibility to tuberculous challenge. Tuberculosis 
and Lung Diseases, Vol. 79, No. 6, (December 1999), pp. 367-370, ISSN 1472-9792. 

Kempf MC, Dunlap NE, Lok KH, Benjamin WH Jr, Keenan NB & Kimerling M. (2005). 
Long-term molecular analysis of tuberculosis strains in alabama, a state 
characterized by a largely indigenous, low-risk population. Journal of Clinical 
Microbiology. Vol. 43, No. 2, (February 2005), pp. 870-878, ISSN 0095-1137 

Kiers, A., Drost, A.P., van Soolingen, D.& Veen, J. (1997).Use of DNA fingerprinting in 
international source case finding during a large outbreak of tuberculosis in The 
Netherlands. International Journal of Tuberculosis and Lung Diseases. Vol. 1, No. 3, 
(June 1997), pp. 239-245, ISSN 1027-3719. 

Kik, SV.; Verver, S.; van Soolingen, D.; de Haas, P.E.; Cobelens, F.G.; Kremer, K.; van 
Deutekom, H. & Borgdorff, M.W. (2008). Tuberculosis outbreaks predicted by 
characteristics of first patients in a DNA fingerprint cluster. American Journal of 
Respiratory and Critical Care Medicine, Vol. 178, No.1, (July 2008), pp. 96-104, ISSN 
1073-449X. 

Kivi, M.; Liu, X.; Raychaudhuri, S.; Alatman, R.B. & Small, P.M. (2002). Determining the 
genomic locations of repetitive DNA sequences with a whole-genome microarray: 
IS6110 in Mycobacterium tuberculosis. Journal of Clinical Microbiology. Vol. 40, No. 6, 
(June 2002), pp. 2192-2198, ISSN 0095-1137. 

Kremer K, van Soolingen D.; Frothingham, R.; Haas, W.H.; Hermans, P.W.; Martín, C.; 
Palittapongarnpim, P.; Plikaytis, B.B.; Riley, L.W.; Yakrus, M.A.; Musser, JM. & van 
Embden J.D. (1999). Comparison of methods based on different molecular 
epidemiological markers for typing of Mycobacterium tuberculosis complex 

www.intechopen.com



 
IS6110 the Double-Edged Passenger 

 

83 

strains: interlaboratory study of discriminatory power and reproducibility. Journal 
of Clinical Microbiology,Vol.37, No.8, (August 1999), pp. 2607-2618, ISSN: 0095-1137. 

Kusum S, Aman S, Pallab R, Kumar SS, Manish M, Sudesh P, Subhash V & Meera S. (2011) 
Multiplex PCR for rapid diagnosis of tuberculous meningitis. Journal Neurology. 
(March 2011), doi 10.1007/s00415-011-6010-4, Print ISSN 0340-5354. 

Lambert, ML.; Hasker, E.; van Deun, A.; Roberfroid, D.; Boelaert, M. & van der Stuyft, P. 
(2003). Recurrence in tuberculosis: relapse or reinfection? The Lancet Infectious 
Diseases. Vol.3, No.5, (May 2003), pp. 282-287, ISSN 1473-3099. 

Lamichhane, G.; Zignol, M.; Blades, N.J.; Geiman, D.E.; Dougherty, A.; Grosset, J.; Broman, 
K.W. & Bishai, W.R. (2003). A postgenomic method for predicting essential genes at 
subsaturation levels of mutagenesis: application to Mycobacterium tuberculosis. Proc 
Natl Acad Sci U S A. Vol. 100, No. 12, (June 2003), pp. 7213-7218, ISSN 0227-8424. 

Lemaitre N, Armand S, Vachee A, Capilliez O, Dumoulin C & Courcol R. (2004). 
Comparison of the real-time PCR method and the Gen-Probe amplified 
Mycobacterium tuberculosis direct test for detection of Mycobacterium tuberculosis in 
pulmonary and nonpulmonary specimens. Journal of Clinical Microbiology. Vol. 42, 
No.9, (September 2004), pp. 4307-4309, ISSN 0095-1137. 

Leung ET, Zheng L, Wong RY, Chan EW, Au TK, Chan RC, Lui G& Lee N, Ip M. (2011). 
Rapid and Simultaneous Detection of Mycobacterium tuberculosis complex and 
Beijing/WGenotype in Sputum by an Optimized DNA Extraction Protocol and a 
Novel Multiplex Real-Time PCR. Journal of Clinical Microbiology. Vol. 49, No.7, (Jul 
y2011) pp. 2509-2515, ISSN 0095-1137. 

López-Calleja, AI.; Lezcano, MA.; Vitoria, MA.; Iglesias, MJ.; Cebollada, A.; Lafoz, C.; Gavin, 
P.; Aristimuño, L.; Revillo, MJ.; Martin, C. & Samper, S (2007). Genotyping of 
Mycobacterium tuberculosis over two periods: a changing scenario for tuberculosis 
transmission. The International Journal of Tuberculosis and Lung Disease. Vol. 11, 
No.10, (October 2007), pp. 1080-1086, ISSN 1027-3719.  

López-Calleja, AI.; Gavín, P.; Lezcano, MA.; Vitoria, MA.; Iglesias, MJ.; Guimbao, J.; Lázaro, 
MA.; Rastogi, N.; Revillo, MJ.; Martín, C. & Samper, S (2009). Unsuspected and 
extensive transmission of a drug-susceptible Mycobacterium tuberculosis strain. BMC 
Pulmonary Medicine Vol. 9; No. 3, (January 2009), ISSN 1471-2466. 

Mahillon, J. & Chandler, M. (1998). Insertion Sequences. Microbiology and Molecular Biology 
Reviews, Vol. 62, No. 3, (September 1998), pp. 725-774, ISSN 1092-2172. 

Mäkinen, J.; Marjamäki, M.; Haanperä-Heikkinen, M.; Marttila, H.; Endourova, LB.; 
Presnova, SE.; Mathys, V.; Bifani, P.; Ruohonen, R.; Viljanen, MK. & Soini, H. 
(2011). Extremely high prevalence of multidrug resistant tuberculosis in 
Murmansk, Russia: a population-based study. European Journal of Clinical 
Microbiology & Infectious Diseases. DOI 10.1007/s10096-011-1200-7, (March 2011), 
ISSN 0934-9723.  

Marais BJ, Hesseling AC, Schaaf HS, Gie RP, van Helden PD, Warren RM. (2009) 
Mycobacterium tuberculosis transmission is not related to household genotype in a 
setting of high endemicity. Journal of Clinical Microbiology. Vol. 47, No. 5, (May 
2009), pp. 1338-1343, Print ISSN 0095-1137.  

Mariani, F.; Piccolella, E.; Colizzi, V.; Rappuoli, R. & Gross, R. (1993). Characterization of an 
IS-like element from Mycobacterium tuberculosis. Journal of General Microbiology, Vol. 
139, No. 8, (August 1993), pp. 1767-1772, ISSN 1350-0872. 

www.intechopen.com



 
Understanding Tuberculosis – Deciphering the Secret Life of the Bacilli 

 

84

Mathema B, Kurepina NE, Bifani PJ & Kreiswirth BN. (2006). Molecular epidemiology of 
tuberculosis: current insights. Clinical Microbiology Reviews. Vol. 19, No 4, (October 
2006), pp. 658-685, ISSN 0893-8512. 

McAdam, R. A.; M. Hermans, P. W.; Van Soolingen, D.; Zainuddin, Z. F.; Catty, D.; van 
Embden, J. D. A. & Dale, J. W. (1990). Characterization of a Mycobacterium 
tuberculosis insertion sequence belonging to the IS3 family. Molecular Microbiology, 
Vol. 4, No. 9, (September 1990), pp. 1607- 1613, ISSN 1365-2958.  

McAdam, R. A.; Quan, S. & Guilhot, C. (2000). Mycobacterial Tansposons and their 
applications. In: Molecular Genetics of Mycobacteria, Hatfull, G. F. & Jacobs, W. R. Jr 
(Eds), pp. 69−84, American Society for Microbiology Press, ISBN 1-55581-191-4, 
Washington DC, USA. 

McEvoy, C.R.; Falmer, A.A.; Gey van Pittius, N.C.; Victor, T.C.; van Helden, P.D. & Warren, 
R.M. (2007). The role of IS6110 in the evolution of Mycobacterium tuberculosis. 
Tuberculosis (Edinb). Vol. 87, No. 5, (September 2007), pp. 393-404. ISSN 1472-9792. 

McEvoy, C.R.; van Helden, P.D.; Warren, R.M. & Gey van Pittius, N.C. (2009). Evidence for a 
rapid rate of molecular evolution at the hypervariable and immunogenic 
Mycobacterium tuberculosis PPE38 gene region. BMC Evolutionary Biology. Vol. 9, 
(September 2009), pp. 237, ISSN 1471-2148 

Mendiola, M. V.; Martín, C.; Otal, I. & Gicquel, B. (1992). Analysis of the regions responsible 
for IS6110 RFLP in a single Mycobacterium tuberculosis strain. Research in 
Microbiology, Vol. 143, No. 8, (October 1992), pp. 767-772, ISSN 0923-2508. 

Moss, A.R.; Alland, D.; Telzak, E.; Hewlett, D. Jr.; Sharp, V.; Chiliade, P.; LaBombardi, V.; 
Kabus, D.; Hanna, B.; Palumbo, L.; Brudney, K.; Weltman, A.; Stoeckle, K.; 
Chirgwin, K.; Simberkoff, M.; Moghazeh, S.; Eisner, W.; Lutfey, M. & Kreiswirth, B. 
(1997). A city-wide outbreak of a multiple-drug-resistant strain of Mycobacterium 
tuberculosis in New York. International Journal of Tuberculosis and Lung Diseases. Vol. 
1, No. 2, (April 1997), pp. 115-121, ISSN 1027-3719. 

Narayanan S, Das S, Garg R, Hari L, Rao VB, Frieden TR & Narayanan PR. (2002). Molecular 
epidemiology of tuberculosis in a rural area of high prevalence in South India: 
implications for disease control and prevention. Journal Clinical Microbiology. Vol. 
40, No. 12, (December 2002) pp. 4785-4788, ISSN 0095-1137 

Narayanan S, Parandaman V, Narayanan PR, Venkatesan P, Girish C, Mahadevan S & 
Rajajee S. (2001). Evaluation of PCR using TRC(4) and IS6110 primers in detection 
of tuberculous meningitis. Journal Clinical Microbiology. Vol. 39, No. 5, (May 2001) 
pp. 2006-2008, ISSN0095-1137. 

Narayanan, S.; Swaminathan, S.; Supply, P.; Shanmugam, S.; Narendran, G.; Hari, L.; 
Ramachandran, R.; Locht, C.; Jawahar, MS.; Narayanan, PR. (2010). Impact of HIV 
infection on the recurrence of tuberculosis in South India. The Journal of Infectious 
Diseases. Vol.201, No.5, (March 2010), pp. 691-703, ISSN 0022-1899.  

Otal, I.; Martín, C.; Vincent-Lévy-Frebault, V.; Thierry, D. & Gicquel, B. (1991). Restriction 
fragment length polymorphism analysis using IS6110 as an epidemiological marker 
in tuberculosis. Journal of Clinical Microbiology, Vol.29, No.6, (June 1991), pp. 1252-
1254. Print ISSN: 0095-1137. Online ISSN: 1098-660X.  

Otal, I.; Gomez, A. B.; Kremer, K.; de Haas, P.; García, M. J.; Martín, C. & van Soolingen, D. 
(2008) Mapping of IS6110 insertion sites in Mycobacterium bovis isolates in relation 

www.intechopen.com



 
IS6110 the Double-Edged Passenger 

 

85 

to adaptation from the animal to human host. Veterinary Microbiology, Vol. 129, No. 
3-4, (June 2008), pp. 333-341, ISSN 0378-1135. 

Purwar, S.; Chaudhari, S.; Katoch, VM.; Sampath, A.; Sharma, P.; Upadhyay, P. & Chauhan, 
DS. (2011). Determination of drug susceptibility patterns and genotypes of 
Mycobacterium tuberculosis isolates from Kanpur district, North India. Infection, 
Genetics and Evolution. Vol.11,No.2, (March 2011), pp. 469-475, ISSN: 1567-1348.  

Ritacco, V., Di Lonardo M., Reniero A., Ambroggi M., Barrera L., Dambrosi A., López B., 
Isola N. & Kantor, I.N. (1997). Nosocomial spread of Human Immunodeficiency 
Virus-related multidrug-resistant tuberculosis in Buenos Aires, Journal Infection 
Diseases, Vol. 176, No. 3, (September 1997), pp. 637-642, Print ISSN 0022-1899. 

Ritacco, V.; Iglesias, MJ.; Ferrazoli, L.; Monteserin, J.; Dalla, Costa ER.; Cebollada, A.; 
Morcillo, N.; Robledo, J.; de Waard, JH.; Araya, P.; Aristimuño, L.; Díaz, R.; Gavin 
P.; Imperiale, B.; Simonsen, V.; Zapata, EM.; Jiménez, MS.; Rossetti, ML.; Martin C.; 
Barrera L. & Samper, S (2011). Conspicuous multidrug-resistant Mycobacterium 
tuberculosis cluster strains do not trespass country borders in Latin America and 
Spain. Infection, Genetics and Evolution, (June 2011), ISSN 1567-1348.  

Safi, H.; Barnes, P. F.; Lakey, D. L.; Shams, H.; Samten, B.; Vankayalapati, R. & Howard, S. T. 
(2004). IS6110 functions as a mobile, monocyte-activated promoter in Mycobacterium 
tuberculosis. Molecular Microbiology, Vol. 52, No. 4, (May 2004), pp. 999–1012, ISSN 
1365-2958. 

Samper, S.; Martín, C.; Pinedo, A.; Rivero, A.; Blázquez, J.; Baquero, F.; van Soolingen, D. & 
van Embden, J. (1997). Transmission between HIV-infected patients of multidrug-
resistant tuberculosis caused by Mycobacterium bovis. AIDS Vol. 11, No.10, (August 
1997), pp. 1237-1242, ISSN 1473-5571. 

Samper, S.; Iglesias, MJ.; Rabanaque, MJ.; Gómez, LI.; Lafoz, MC.; Jiménez, MS.; Ortega, A.; 
Lezcano, MA.; Van Soolingen, D.; Martín, C. & The Spanish Working Group on 
MDR-TB. (2005). Systematic molecular characterization of multidrug-resistant 
Mycobacterium tuberculosis complex isolates from Spain. Journal of Clinical 
Microbiology, Vol.43, No.3, (March 2005), pp. 1220-1227, ISSN 0095-1137.  

Samper, S. & Martín, C. (2007). Spread of extensively drug-resistant tuberculosis. Emerging 
Infectious Diseases. Vol. 13, No.4, (April 2007), pp. (647-648), ISSN: 1080-6059. 

Sampson, S.; Warren, R.; Richardson, M.; van der Spuy, G. & van Helden, P. (2001). IS6110 
insertions in Mycobacterium tuberculosis: predominantly into coding regions. Journal 
of Clinical Microbiology, Vol.39, No. 9, (September 2001), pp. 3423-3424. ISSN 0095-
1137. 

Sandoval, A.; Reyes, A.; Cubillos, A.; Ritacco, V.; Lopez, B.; Robledo, J.; Samper , S.; Martin, 
C.; Garcia, M.J.; Zambrano, M.M.; Mitra, R. & del Portillo, P. (2010). Deciphering 
the biological meaning of the IS6110 insertion element. 31st Annual Congress of the 
European Society of Mycobacteriology. Bled, Slovenia, 4-7 July, 2010.  

Sankar S, Balakrishnan B, Nandagopal B, Thangaraju K & Natarajan S. (2010a). Comparative 
evaluation of nested PCR and conventional smear methods for the detection of 
Mycobacterium tuberculosis in sputum samples. Molecular Diagnosis and Therapy. Vol. 
14, No. 4, (August 2010), pp. 223-227, ISSN 1177-1062. 

Sankar S, Balakrishnan B, Nandagopal B, Thangaraju K & Natarajan S. (2010b). Comparative 
evaluation of two polymerase chain reactions targeting different genomic regions 

www.intechopen.com



 
Understanding Tuberculosis – Deciphering the Secret Life of the Bacilli 

 

86

to detect Mycobacterium tuberculosis in sputum. Indian Journal of Medical 
Microbiology, Vol. 28, No. 4, (December 2010), pp. 303-307, ISSN 0255-0857. 

Sankar S, Ramamurthy M, Nandagopal B & Sridharan G. (2011a). An appraisal of PCR-
based technology in the detection of Mycobacterium tuberculosis. Molecular Diagnostic 
Therapy. Vol. 15, No. 1, (February 2011) pp. 1-11, ISSN 1177-1062. 

Sankar, S.; Kuppanan, S.; Balakrishnan, B. & Nandagopal, B. (2011b). Analysis of sequence 
diversity among IS6110 sequence of Mycobacterium tuberculosis: possible 
implications for PCR based detection. Bioinformation, Vol. 6, No. 7, (June 2011), pp. 
283-285, ISSN 0973-2063. 

Savelkoul PH, Catsburg A, Mulder S, Oostendorp L, Schirm J, Wilke H, van der Zanden AG 
& Noordhoek GT. (2006). Detection of Mycobacterium tuberculosis complex with Real 
Time PCR: comparison of different primer-probe sets based on the IS6110 element. 
Journal of Microbiological Methods. Vol. 66, No 1, (July 2006), pp. 177-180, ISSN 0167-
7012. 

Schürch, A.C.; Kremer, K.; Kiers, A.; Daviena, O.; Boeree, M.J.; Siezen, R.J.; Smith, N.H. & 
van Soolingen, D. (2010). The tempo and mode of molecular evolution of 
Mycobacterium tuberculosis at patient-to-patient scale. Infection, Genetics and 
Evolution, Vol. 10, No.1, (January 2010), pp. 108–114, ISSN 1567-1348. 

Shamputa, IC.; Jugheli, L.; Sadradze, N.; Willery, E.; Portaels, F.; Supply, P. & Rigouts, L. 
(2006). Mixed infection and clonal representativeness of a single sputum sample in 
tuberculosis patients from a penitentiary hospital in Georgia. Respiratory Research 
Vol. 7, No. 99, (July 2006), ISSN 1465-9921. 

Shanmugam, S; Selvakumar, N. & Narayanan, S. (2011). Drug resistance among different 
genotypes of Mycobacterium tuberculosis isolated from patients from Tiruvallur, 
South India. Infection, Genetics and Evolution. Vol.11, No.5, (July 2011), pp. 980-986, 
ISSN 1567-1348.  

Small, P. M. & van Embden, J. D. A. (1994). Molecular epidemiology of tuberculosis. In: 
Tuberculosis: Pathogenesis, protection and Control, B. Bloom (Ed.), pp. (569-582). 
American Society for Microbiology Press, ISBN 978-1-55581-072-6, Washington, 
DC, USA. 

Søborg, C., Søborg, B., Pouelsen, S., Pallisgaard, G., Thybo, S. & Bauer, J. (2001). Doubling of 
the tuberculosis incidence in Greenland over an 8-year period (1990-1997). 
International Journal of Tuberculosis and Lung Diseases. Vol. 5, No. 3, (March 2001), pp. 
257-265, ISSN 1027-3719. 

Soto, C. Y.; Menéndez, M. C.; Pérez, E.; Samper, S.; Gómez, A. B.; García, M. J. & Martín, C. 
(2004) IS6110 mediates increased transcription of the phoP virulence gene in a 
multidrug-resistant clinical isolate responsible for tuberculosis outbreaks. Journal of 
Clinical Microbiology, Vol. 42, No. 1, (January 2004), pp. 212-219, ISSN 0095-1137. 

Steinlein, L.M. & Crawford, J.T. (2001). Reverse dot blot assay (insertion site typing) for 
precise detection of sites of IS6110 insertion in the Mycobacterium tuberculosis 
genome. Journal of Clinical Microbiology. Vol. 39, No. 3, (March 2001), pp. 871-878, 
ISSN 0095-9567. 

Streicher, et al. 2011 Molecular epidemiological perspective of the emergence and treatment 
of MDRTB in South Africa. (2011). Infection, Gen In Press 

Suffys PN, Ivens de Araujo ME, Rossetti ML, Zahab A, Barroso EW, Barreto AM, Campos E, 
van Soolingen D, Kremer K, Heersma H & Degrave WM. (2000). Usefulness of 

www.intechopen.com



 
IS6110 the Double-Edged Passenger 

 

87 

IS6110-restriction fragment length polymorphism typing of Brazilian strains of 
Mycobacterium tuberculosis and comparison with an international fingerprint 
database. Research Microbiology. Vol. 151, No. 5, (Jun 2000), pp. 343-351, ISSN 0923-
2508. 

Thierry, D.; Cave, M.; Eisenach, K.; Crawford, J. T.; Bates, J. H.; Gicquel, B. & Guesdon, J. L. 
(1990a). IS6110, an IS-like element of Mycobacterium tuberculosis complex. Nucleic 
Acids Research, Vol. 18, No. 1, (January 1990), pp. 188, ISSN 0305-1048. 

Thierry, D.; Brisson-Noel, A.; Vincent-Levy-Frebault, V.; Nguyen, S.; Guesdon, J. L. & 
Gicquel, B. (1990b). Characterization of a Mycobacterium tuberculosis insertion 
sequence, IS6110, and its application in diagnosis. Journal of Clinical Microbiology, 
Vol. 28, No. 12, (December 1990), pp. 2668–2673, ISSN 0095-1137. 

Thong-On, A.; Smittipat, N.; Juthayothin, T.; Yanai, H.; Yamada, N.; Yorsangsukkamol, J.; 
Chaiprasert, A.; Rienthong, D.; Billamas, P. & Palittapongarnpim, P (2010). 
Variable-number tandem repeats typing of M. tuberculosis isolates with low copy 
numbers of IS6110 in Thailand. Tuberculosis. Vol.90, No.1, (January 2010), pp. 9-15, 
ISSN 1472-9792. 

Tumwasorn S, Kwanlertjit S, Mokmued S & Charoenlap P. (1996).Comparison of DNA 
targets for amplification by polymerase chain reaction for detection of 
Mycobacterium tuberculosis in sputum. Journal Medical Association of Thailand. Vol. 79, 
No. 1, (December 1996), pp. 113-118, ISSN 0125-2208. 

Turcios, L.; Casart, Y.; Florez, I.; de Waard, J. & Salazar, L. (2009). Characterization of IS6110 
insertions in the dnaA-dnaN intergenic region of Mycobacterium tuberculosis clinical 
isolates. Clinical Microbiology and Infection. Vol. 15, No. 2, (February 2009), pp. 200-
203, ISSN 1198-743X. 

Valway SE, Sanchez MP, Shinnick TF, Orme I, Agerton T, Hoy D, Jones JS, Westmoreland H, 
Onorato IM. (1998). An outbreak involving extensive transmission of a virulent 
strain of Mycobacterium tuberculosis. The New England Journal of Mededicine. Vol. 338, 
No. 10, (March 1998), pp. 677-6778, ISSN 0028-4793.  

van Embden, J. D. A.; Cave, M. D.; Crawford, J. T.; Dale, J. W.; Eisenach, K. D.; Gicquel, B.; 
Hermans, P.; Martin, C.; McAdam, R.; Shinnick, T. M. & Small, P.M. (1993). Strain 
identification of Mycobacterium tuberculosis by DNA fingerprinting: 
recommendations for a standardized methodology. Journal of Clinical Microbiology, 
Vol. 31, No. 2, (February 1993), pp. 406–409, ISSN 0095-1137. 

Vasankari, T.; Soini, H.; Liippo, K. & Ruutu, P. (2011). MDR in Finland - still rare despite the 
situation in our neighboring countries. The Clinical Respiratory Journal. May 6. doi: 
10.1111/j.1752-699X.2011.00242.x. (June 2011), ISSN: 1752-698. 

Warren, R.M.; Sampson, S.L.; Richardson, M.; Van Der Spuy, G.D.; Lombard, C.J.; Victor, 
T.C. & van Helden, P.D. (2000). Mapping of IS6110 flanking regions in clinical 
isolates of Mycobacterium tuberculosis demonstrates genome plasticity. Molecular 
Microbiology. Vol. 37, No. 6, (September 2000), pp. 1405-1416, ISSN 0950-382X. 

Wei CY, Lee CN, Chu CH, Hwang J & Lee CP. (1999). Determination of the sensitivity and 
specificity of PCR assays using different target dnas for the detection of 
Mycobacterium tuberculosis. Kaohsiung Journal Medical Science. Vol. 15, No. 7, (Jul 
y1999), pp. (396-405) ISSN 1607-551X. 

Yang Z, Barnes PF, Chaves F, Eisenach KD, Weis SE, Bates JH & Cave MD. (1998). Diversity 
of DNA fingerprints of Mycobacterium tuberculosis isolates in the United States. 

www.intechopen.com



 
Understanding Tuberculosis – Deciphering the Secret Life of the Bacilli 

 

88

Journal of Clinical Microbiology. Vol. 36, No. 4, (April 1998) pp. 1003-1007, ISSN 0095-
1137. 

Yesilkaya, H.; Dale, J. W.; Strachan, N. J. & Forbes, K. J. (2005). Natural transposon 
mutagenesis of clinical isolates of Mycobacterium tuberculosis: how many genes does 
a pathogen need? Journal of Bacteriology, Vol. 187, No. 19, (October 2005), pp. 6726-
6732, ISSN 0021-9193. 

www.intechopen.com



Understanding Tuberculosis - Deciphering the Secret Life of the

Bacilli

Edited by Dr. Pere-Joan Cardona

ISBN 978-953-307-946-2

Hard cover, 334 pages

Publisher InTech

Published online 17, February, 2012

Published in print edition February, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Mycobacterium tuberculosis, as recent investigations demonstrate, has a complex signaling expression, which

allows its close interaction with the environment and one of its most renowned properties: the ability to persist

for long periods of time under a non-replicative status. Although this skill is well characterized in other bacteria,

the intrinsically very slow growth rate of Mycobium tuberculosis, together with a very thick and complex cell

wall, makes this pathogen specially adapted to the stress that could be generated by the host against them. In

this book, different aspects of these properties are displayed by specialists in the field.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

María del Carmen Menéndez, Sofía Samper, Isabel Otal and María Jesús García (2012). IS6110 the Double-

Edged Passenger, Understanding Tuberculosis - Deciphering the Secret Life of the Bacilli, Dr. Pere-Joan

Cardona (Ed.), ISBN: 978-953-307-946-2, InTech, Available from:

http://www.intechopen.com/books/understanding-tuberculosis-deciphering-the-secret-life-of-the-bacilli/is6110-

the-double-edged-passenger



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


