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Abstract Abstract 

MycobacteriumMycobacterium tuberculosis isolates with identical IS6110 restriction fragment length 
polymorphismm (RFLP) patterns are considered to originate from the same ancestral 
strainn and thus to reflect ongoing transmission. In this study, we investigated 1,277 
IS6110IS6110 RFLP patterns for the presence of multiple low-intensity bands (LIBs), which 
mayy indicate infections with multiple M. tuberculosis strains. We did not find any 
multiplee LIBs, suggesting that multiple infections are rare in The Netherlands. 
However,, we did observe a few LIBs in 94 patterns (7.4%) and examined the nature of 
thiss phenomenon. 
Withh single-colony cultures it was found that LIBs mostly represent mixed bacterial 
populationss with slightly different RFLP patterns. Mixtures were expressed in RFLP 
patternss as LIBs when 10 to 30% of the DNA analyzed originated from a bacterial 
populationn with another RFLP pattern. Presumably, a part of the LIBs did not 
representt mixed bacterial populations, as in some clusters all strains exhibited LIBs in 
theirr RFLP patterns. 
Thee occurrence of LIBs was associated with increased age in patients. This may reflect 
eitherr a gradual change of the bacterial population in the human body over time or 
ISo//0-mediatedd genetic adaptation of M. tuberculosis to changes in the environ-
mentall  conditions during the dormant state or reactivation thereafter. 

Introductio n n 

Thee standardized 1S6110 restriction fragment length polymorphism (RFLP) typing of 
MycobacteriumMycobacterium tuberculosis isolates (28) is based on the concept that RFLP patterns 
reflectt the presence of the IS67/Ö element at different sites in the genome of M. 
tuberculosistuberculosis complex strains (22). RFLP typing has permitted the differentiation of 
clinicall  M. tuberculosis isolates in many parts of the world (1,8,11,17,19,20,30,31,32). 
M.M. tuberculosis isolates with identical IS6110 RFLP patterns are considered to be 
clonallyy related and thus to represent ongoing transmission (14,26,33). In the early 
1990s,, comparing RFLP patterns of M. tuberculosis isolates proved useful in investi-
gatingg outbreaks in closed communities, such as hospitals and prisons (6,7,12,15,21). 
Severall  population-based studies have also been carried out (2,4,25,29), providing 
informationn on risk factors for transmission (2,25,29) and transmission dynamics (3). 

Ass most clinical M. tuberculosis isolates have distinctive RFLP patterns with clearly 
definedd bands, it is commonly assumed that a pattern reflects the presence of IS6U0 
elementss in the genome of a single M. tuberculosis strain. However, multiple M. 
tuberculosistuberculosis infections have been observed (34). RFLP typing of an isolate from 
multiplee M. tuberculosis infections wil l result in a mixture of RFLP patterns. If one of 
thee bacterial populations predominates, the other(s) wil l be reflected as a background 
patternn of usually multiple low-intensity bands (LIBs) in the mixed RFLP pattern. 
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Recently,, a study of the instability of 1S6110 RFLP patterns of M. tuberculosis showed 
thatt RFLP patterns of consecutive isolates can differ in one or two bands from the 
patternss of initial isolates (9). In this study, it was assumed that after a period of time 
thee bacterial population in an M. tuberculosis isolate had or had not changed as 
revealedd in the \S6JW RFLP patterns of follow-up isolates. However, it is likely that 
thee change in an M. tuberculosis population is gradual, so that only part of a bacterial 
populationn shows a genetic change in the IS6110 RFLP. This would result in a mixture 
off  two RFLP patterns with and without the changed IS6110 element and hence result 
inn one or two LIBs. 

Analysiss of the IS6110 RFLP patterns of M. tuberculosis isolates has been standar-
dizedd to a large extent: autoradiograms are scanned, converted to computerized ima-
ges,, and normalized by software such as the GelCompar program (Applied Maths, 
Kortrijk ,, Belgium). However, LIBs hamper the interpretation of RFLP typing results 
forr epidemiological investigations, as the interpretation of LIBs is subject to variation. 
Somee LIBs wil l be detected automatically; others wil l not. It is common practice to 
manuallyy correct the bands detected by the computer. This correction procedure is not 
standardized,, and therefore a potential inaccuracy is introduced in studying the 
transmissionn of tuberculosis when using ISO/70 RFLP typing. 

Inn this study, the prevalence and nature of LIBs in the IS6110 RFLP patterns of M. 
tuberculosistuberculosis are investigated. The inaccuracy in matching M. tuberculosis isolates to 
thee Dutch database of RFLP patterns, related to the interpretation of LIBs, is 
determined.. Finally, possible associations between LIBs in the RFLP patterns and 
patientt and strain characteristics are studied. 

Material ss and methods 

General l 
Sincee January 1993, all M. tuberculosis complex isolates in The Netherlands have 
beenn subjected to 1S6110 RFLP typing (28) and have been analyzed by computer (18) 
usingg GelCompar software (version 4.1). In the GelCompar program, 700 positions per 
lanee are scanned. IS6JJ0 RFLP patterns of M. tuberculosis isolates are considered 
clusteredd if their patterns are identical (within a position tolerance of 1%). When an 
epidemiologicall  link between patients is confirmed, isolates are also considered 
clusteredd if they differ by at most one band. 

LIBs ::  prevalence and between-reader  agreement 
Twoo fingerprint readers independently studied all 1,277 M. tuberculosis complex 
isolatess fingerprinted in The Netherlands between June 1997 and May 1998 by eye to 
detectt multiply banded background patterns and to score 1S6110 RFLP patterns with 
LIBs.. None of these were "repeat" isolates from the same patient. The results from 
eachh reader, blinded to the findings of the other, were compared. LIBs identified by 
eitherr reader were assessed by an experienced third reader. The level of agreement 
betweenn readers was studied further by comparing the number of LIBs detected by 
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fourr experienced readers in 64 RFLP patterns. Of these patterns, 24 had been selected 
byy an experienced reader to represent RFLP patterns with bands that were difficult to 
interprett and another 40 had been selected randomly from the 1,277 RFLP patterns. 
Objectivee criteria for the assessment of LIBs were constructed using the computerized 
RFLPP patterns: percentages of the average intensity of bands in a pattern were com-
paredd to the experts' assignment of LIBs. 

Consequencess of interpretatio n of LIB s in RFLP patterns for  clustering 
Whetherr or not a band is assigned to the computerized RFLP pattern at the position of 
thee LIB wil l influence the clustering of RFLP patterns of M. tuberculosis isolates. This 
wass studied for 94 RFLP patterns by matching the patterns with all bands assigned and 
againn without the LIBs. The resulting percentages of clustered strains were compared 
withh the actual percentage of clustered patterns. 

Naturee of LIB s in RFLP patterns 
Too investigate whether the occurrence of LIBs in RFLP patterns could be due to a 
heterogeneouss bacterial population in M. tuberculosis isolates, single-colony cultures 
(SCCs)) of isolates with LIBs in their RFLP patterns were prepared. Eight isolates with 
differentt RFLP patterns exhibiting LIBs were selected from the isolates collected since 
1993,, and 3 to 10 SCCs of each isolate were produced by single-colony strikes on 
7H100 plates and reculturing of individual colonies. The SCCs were subjected to 
standardd RFLP typing (28). To study whether M. tuberculosis isolates without LIBs in 
thee RFLP patterns would reveal heterogeneity in RFLP patterns of SCCs, 3 to 10 
SCCss per isolate were produced from six isolates with different RFLP patterns without 
LIBss and subjected to standard RFLP analysis. 

Too study in more detail whether LIBs in RFLP patterns could represent mixed 
bacteriall  populations, two experiments were undertaken. First, we assessed whether 
LIBss could be produced by mixing DNA from two different M. tuberculosis isolates 
withh completely different RFLP patterns. Second, we studied at what ratios DNA 
mixturess would show LIBs. This was done by mixing in different ratios the DNAs of 
twoo M. tuberculosis isolates with RFLP patterns differing by only one band. Al l DNA 
mixturess were typed using standard \S6110 RFLP. 

Too investigate whether LIBs could be a fixed phenomenon, present in identical RFLP 
patternss of M. tuberculosis isolates from epidemiologically related patients, the RFLP 
patternss of a total of 726 clusters were reviewed by an experienced reader to score 
LIBs.. The clusters consisted of two or more strains with identical IS6110 RFLP 
patterns,, comprising five or more bands, found in The Netherlands since January 1993. 
Iff  more than 10 RFLP patterns per cluster were available, the 10 most recently found 
weree reviewed. 
Too further study the possibility that LIBs represent a fixed phenomenon, three patients 
withh identical RFLP patterns containing LIBs were selected from each of two clusters. 
SCCss of their M. tuberculosis isolates were prepared and typed using IS6110 RFLP. 
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Preferentiall  band positions of LIB s 
Too determine whether LIBs were more prevalent at certain restriction fragment 
positions,, the relative frequencies of band positions of LIBs in IS6710 RFLP patterns 
weree investigated. In this investigation, RFLP patterns of unique isolates and, in the 
casee of clustered isolates, patterns of the first isolates of clusters were included. This 
amountedd to a total of 838 RFLP patterns, containing 6,189 normal-intensity bands 
andd 69 LIBs 

Characteristicss of patients and mycobacteria associated with LIB s 
AA comparison was made between patients infected by M. tuberculosis with and 
withoutt LIBs in the RFLP pattern. Patient variables were age, sex, infection at 
extrapulmonaryy site, and being in a cluster of patients with identical RFLP patterns. 
Bacteriall  variables were the resistance profile and the number of IS6770 copies in the 
RFLPP pattern. Fifteen to 50 RFLP patterns of isolates with a certain resistance profile 
analyzedd in the period from January 1993 to July 1998 were reviewed at random to 
scoree LIBs. 
Associationss were tested by the jf  t e st o r t n e median two-sample test (normal 
approximation)) as appropriate. Statistical significance was accepted i f f was <0.05. 

Results s 

LIBs ::  prevalence and between-reader  agreement 
Inn 1,277 IS6U0 RFLP patterns of M. tuberculosis complex isolates fingerprinted in 
Thee Netherlands between June 1997 and May 1998, no multiply banded background 
patterns,, indicative of multiple infections, were found. This suggests that the M. 
tuberculosistuberculosis complex strains from this period were all clonal. 

LIB ss were detected in 94 of the 1,277 \S6110 RFLP patterns of M. tuberculosis 
complexx isolates (7.4%) when the laboratory technician most experienced in RFLP 
typingg reviewed 97 RFLP patterns with possible LIBs. These 97 RFLP patterns were 
foundd by adding the RFLP patterns with LIBs found by reader A to those found by 
readerr B. Reader A detected LIBs in 73 out of 1,277 RFLP patterns (5.7%), whereas 
readerr B detected such bands in 55 (4.3%) patterns. Both readers agreed upon LIBs in 
311 RFLP patterns, whereas their findings were not in agreement for 66 patterns. A 
furtherr study of interreader agreement on 64 RFLP patterns revealed that four readers 
foundd LIBs in 9, 14, 15, and 19 patterns. The levels of agreement among these four 
readerss on LIBs in 64 RFLP patterns ranged from a kappa of 0.42 to 0.64. 

Inn GelCompar, the intensity per band is recorded in binary form as the height 
(indicativee of the brightness of the band) and the sigma (indicative of the size of the 
band).. To decide whether height and/or sigma was indicative of a band having a low 
intensity,, the average height and sigma of LIBs (identified by experts) were compared 
too the average height and sigma of normal-intensity bands. Only the average height of 
LIB ss differed from that of normal intensity bands, so the height was considered to be a 
reliablee reflection of the intensity. Percentages of the average intensity per RFLP 
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patternn were compared to LIBs assigned by expert readers. The level of agreement, 
correctedd for the agreement attributable to chance, between the expert assignment of 
LIBss and percentages of the average intensity per RFLP pattern was highest (kappa, 
>0.4)) for 10 to 15% of the average intensity of the bands in the RFLP patterns of 10 to 
15%. . 

Consequencess of interpretatio n of LIB s in RFLP patterns for  clustering 
Fromm 94 M. Tuberculosis isolates with computerized RFLP patterns that were 
identifiedd as having one or more LIBs, on the basis of routine reading of RFLP 
patternss 42 were clustered with other RFLP patterns in the entire Dutch database. If 
nonee of the LIBs were assigned, 35 patterns were clustered, of which 3 were not 
consideredd clustered before. If all LIBs were assigned, 15 patterns were clustered. Five 
RFLPP patterns would be considered clustered either with or without the LIB. However, 
assigningg all or no LIBs, in both cases leading to a decreased number of clustered 
RFLPP patterns, did not significantly reduce the clustering percentage in the entire 
Dutchh database in the study period. In the period from June 1997 to May 1998, 49.3% 
off  all RFLP patterns were clustered on the basis of routine reading of RFLP patterns. 
Whenn none of the LIBs or all LIBs were assigned, this percentage decreased to 48.8 
andd 47.1%, respectively. 

Naturee of LIB s in RFLP patterns 
Inn order to investigate whether genetic heterogeneity could be the reason for the 
occurrencee of LIBs, SCCs were prepared from clinical isolates exhibiting LIBs. All 
RFLPP patterns of the SCCs produced from the eight isolates with LIBs did not show 
thee LIBs of the parental cultures but either showed no band at all or a band with a 
normall  intensity at the position of the LIB of the parental culture. Eight out of eight 
isolatess with LIBs consisted of mixed bacterial populations (100%; 95% confidence 
interval,, 63 to 100%). Three of the analyzed cultures are shown in Fig. 1. Remarkably, 
onee of the clinical isolates with LIBs (isolate A in Fig. 1) revealed four different RFLP 
patternss in the SCCs. This isolate was taken from a patient from whom two other M. 
tuberculosistuberculosis isolates, AI and Al l (data not shown), were obtained on the same day. 
Thee RFLP pattern of isolate AI was identical to the pattern of one of the SCCs of 
isolatee A. All other patterns of either isolates or SCCs from this patient were different. 
Thee RFLP pattern of isolate A had 16 bands (of which seven were LIBs), the pattern 
off  isolate AI had 12 bands (one LIB) , and the pattern of isolate Al l had 14 bands (four 
LIBs).. Al l four RFLP patterns had 11 bands in common. The SCCs of the six parental 
culturess without LIBs had RFLP patterns identical to those of the parental cultures. 

InIn order to measure the detection level of DNA of one strain mixed with DNA of 
anotherr strain, different ratios of DNA from two strains with different RFLP patterns 
weree tested in RFLP typing. If DNA for RFLP typing consisted of DNA of strain A 
andd DNA of strain B in the ratios 1/9 to 3/7, the IS67/0 RFLP pattern of strain A 
occurredd as LIBs (Fig. 2). If the DNA mixture consisted of DNA of a strain with an 
additionall  band and DNA of a strain without that band, an LIB was visible in the ratios 
1/99 to 2/8 (Fig. 3). 
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Figuree 1. IS6110 RFLP patterns of isolates, showing LIBs, and SCCs, from three different patients (A 
too C). Lanes 1 show the banding patterns of the isolates, with LIBs indicated by arrows. Lanes 2 to 5 
showw the banding patterns of SCCs of these isolates. The numbers on the right indicate the sizes of 
standardd DNA fragments in kilobase pairs. 
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Figuree 2. IS6110 RFLP patterns of different mixtures of the DNAs of two M. tuberculosis strains. 
Laness 1 and 21 show the RFLP patterns of the pure DNAs of the two strains. Lanes 2 to 20 show the 
patternss of mixtures of the DNAs of these strains. The numbers in the second horizontal row indicate 
thee ratios of the DNA mixtures. The numbers on the left indicate the sizes of standard DNA fragments 
inn kilobase pairs. 
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Figuree 3. IS6110 RFLP patterns of different mixtures of the DNAs of two SCCs of an M. tuberculosis 
strainn differing in a single IS6110 element. Lane 1 shows the patterns of pure DNA of one SCC. Lanes 
22 to 21 depict patterns of mixtures of this DNA with an increasing amount of DNA of another SCC 
containingg an additional IS6110 copy at a Pvull restriction fragment of approximately 3.5 kb. The 
numberss in the second horizontal row indicate the ratios of the DNA mixtures. The numbers on the left 
indicatee the sizes of standard DNA fragments in kilobase pairs. 

Figuree 4. IS6110 RFLP patterns of three patient isolates of a 
clusterr showing an LIB (indicated by the arrow) at the same 
PvwIII  restriction fragment. The numbers on the right indicate 
thee sizes of standard DNA fragments in kilobase pairs. 

173 3 



GeneticGenetic heterogeneity in M. tuberculosis 

Too investigate whether LIBs could represent a phenomenon not associated with mixed 
bacteriall  populations, LIBs were scored in RFLP patterns of 726 clusters. At least two 
isolatess with LIBs in the RFLP patterns were found in 18 of the 726 clusters. In 12 
(1.7%)) of these clusters, all the isolates showed an LIB at the same band position. For 
twoo clusters of strains with LIB-containing RFLP patterns, three SCCs of isolates were 
made,, and these showed the same pattern as that of the parental cultures. Figure 4 
showss the LIB-containing RFLP patterns of three individual patient isolates of a cluster. 

Preferentiall  band positions of LIB s 
Whenn the band positions of 6,189 normal-intensity bands and 69 LIBs were studied, 
LIB ss were found more often at particular band positions, namely, band positions 125 
(7.22 kb) and 400 (1.7 kb) (Fig. 5). 

Characteristicss of patients and mycobacteria associated with LIB s 
Off  the 1,277 RFLP patterns of M. tuberculosis complex isolates, 1,207 were included 
inn the analysis of characteristics of patients and strains. A total of 70 isolates were ex-
cludedd (44 Mycobacterium bovis BCG isolates, 1 Mycobacterium microti isolate, 11 
isolatess of unknown species, and 14 laboratory cross contamination isolates). 

LIB ss in the RFLP patterns of M. tuberculosis isolates were more often observed in 
olderr than in younger patients (Table 1; the trend was statistically significant 
[P<0.05]).. LIBs also occurred slightly more often in isolates from resistant strains (not 
significant).. The occurrence of LIBs in the RFLP patterns of M. tuberculosis isolates 
wass not associated with the patient's sex, the extrapulmonary sampling site, clustering 
off  tuberculosis patients based on identical RFLP patterns, or the number of IS6/70 
copiess in the RFLP pattern (Table 1). 

500 100 
(15.7)) (9.1) 

150 0 
(5.9) ) 

2000 250 300 350 400 
(4.1)) (3.1) (2.4) (2.0) (1.7) 
GelComparr band position (kbp) 

450 0 
(1.4) ) 

500 0 
(1.2) ) 

550 0 
(1.0) ) 

Figuree 5. Frequency distribution of 6,189 normal-intensity bands (NIB) and 69 LIBs per band position 
categoryy (GelCompar band position and sizes of standard DNA fragments in kilobase pairs). 
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Tablee 1. Patient and strain characteristics for isolates with one or more LIBs bands in the IS6110 
RFLPP pattern of M. tuberculosis and for isolates with normal-intensity bands in the RFLP pattern. 

Characteristic c 

Agee (yr) 

<25 5 

25-44 4 

45-64 4 

>65 5 

Mediann (P5;P95)C 

Male e 

Extrapulmonaryy isolate 

Clustered d 

Drug-resistantt isolate 

Mediann no. of 1S6110 bands (P5;P95) 

Isolatess with LIBs in 
RFLPP patterns 

n n 

11 11 

72 2 

72 2 

83 3 

82 2 

82 2 

No.. of positive0 

9 9 

33 3 

17 7 

18 8 

39 9 

46 6 

9 9 

46 6 

17 7 

11 1 

(11.7) ) 

(42.9) ) 

(22.1) ) 

(23.4) ) 

(19;80) ) 

(63.9) ) 

(12.5) ) 

(55.4) ) 

(20.7) ) 

(1;17) ) 

Isolatess without LIBs in 
RFLPP patterns 

n n 

1,087 7 

1,029 9 

911 1 

1,119 9 

1,116 6 

1,113 3 

No.. of 

205 5 

523 3 

163 3 

196 6 

35 5 

617 7 

120 0 

573 3 

156 6 

10 0 

positive" " 

(18.9) ) 

(48.1) ) 

(15.0) ) 

(18.0̂  ^ 

(17;81) ) 

(60.0) ) 

(13.2) ) 

(51.2) ) 

(14.0) ) 

(1;17) ) 

""  Values are number (percentage) unless otherwise indicated. 
Vtrendd = 4.7;JP<0.05. 
cc (P5;P95), 5lh percentile; 95th percentile. 

Becausee LIBs seemed to be associated with resistance of M. tuberculosis to tubercular 
drugs,, the prevalence of LIBs in the RFLP patterns of isolates with different resistance 
profiless was investigated. Table 2 presents the percentages of RFLP patterns with LIBs 
forr different resistance profiles for which at least 15 RFLP patterns were investigated. 
Thee highest percentage of patterns with LIBs, 17%, was found among isolates resistant 
too isoniazid, rifampin, ethambutol, and streptomycin. However, this percentage was 
nott significantly different from that of isolates with other resistance profiles. In 
addition,, the percentage of patterns with LIBs for isolates with other resistance profiles 
rangedd between 0 and 8%, indicating that LIBs were not associated with any particular 
resistancee profile. 
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Tablee 2. Number of RFLP patterns with LIBs for different resistance profiles. 

Resistance0 0 

Isoniazidd Rifampin Ethambutol Streptomycin 

No.. of 
patterns s 
studied d 

Resistant t 

Resistant t 

Resistant t 

Resistant t 

Resistant t 

Resistant t 

No.. (%) of 
patterns s 

withh LIBs 

Resistant t 

Resistant t 

Resistant t 

Resistant t 

Resistant t 

50 0 

50 0 

17 7 

50 0 

50 0 

23 3 

18 8 

4(8) ) 

1(2) ) 

0(0) ) 

4(8) ) 

3(6) ) 

1(4) ) 

3(17) ) 

""  Resistant is defined as follows: isoniazid, >0.2 (Jg/ml; rifampin, >1 pg/ml; ethambutol, >5 ug/ml; 
streptomycin,, >5ng/ml (MICs). 

Discussion n 

Thiss study showed that the prevalence of multiple M. tuberculosis complex infections 
inn The Netherlands is very low. M. tuberculosis complex isolates analyzed from May 
19977 to June 1998 in The Netherlands were screened for indications of multiple 
infectionss expressed by the presence of low-intensity background patterns. In 1,277 
1S61101S6110 RFLP patterns no multiply banded background patterns, indicative of 
tuberculosiss infections with more than one strain, were observed. This conclusion 
seemss to be valid, as a second strain could be detected if 10 to 30 or 70 to 90% of the 
DNAA necessary for RFLP typing originated from a second strain. However, if mixtures 
weree present in another proportion, it is possible that multiple infections were not 
detected.. Still, as we did not find multiply banded background patterns and as they 
havee only been documented anecdotally, for instance, during an episode of laboratory 
crosss contamination (27), we conclude that multiple infections are rarely encountered. 
Thiss is in agreement with our previous study of the stability of IS6110 RFLP, in which 
almostt all initial and follow-up M. tuberculosis isolates of 546 patients had identical or 
nearlyy identical RFLP patterns (9). Further research is needed to study whether 
multiplee infections, reflected in multiply banded background patterns, occur more 
oftenn in areas with a high prevalence of tuberculosis infection. 

Althoughh we did not find any indication of multiple infections, a relatively high 
numberr of RFLP patterns (6.7%) contained one or two LIBs. We showed that these 
LIB ss can be explained by genetic heterogeneity. In the SCCs produced from eight 
LIB-exhibitingg isolates, we found either a normal-intensity band or no hybridization at 
alll  at the position of the LIB in the parental strain. It should be noted that we may have 
underestimatedd the percentage of RFLP patterns containing LIBs in this study, as 3 out 
off  the 43 laboratories in The Netherlands submitted M. tuberculosis SCCs instead of 
fulll  specimen cultures. As would be expected, the isolates from these three laboratories 
didd not show any LIBs in the RFLP patterns. 
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Wee proved with RFLP typing of SCCs that LIBs in RFLP patterns can be explained by 
thee presence of two bacterial populations, with and without a transposed IS6110 
element.. Assuming that a single infectious unit can be sufficient to transmit 
tuberculosiss (10), LIBs resulting from mixed bacterial populations wil l not be 
observedd in all isolates of clusters. However, we found RFLP patterns with LIBs to be 
reproducedd in 1.7% of all clusters in The Netherlands. This finding was supported by 
analysiss of two clusters of isolates with LIB-containing RFLP patterns; all RFLP 
patternss of the SCCs of three isolates of these clusters contained the same LIB as the 
parentall  cultures. This indicates that not all LIBs reflect mixed bacterial populations. 
Thee nature of these LIBs is not yet clear, but they could be due to truncation, as was 
observedd in IS1081 (5), or to mutations in the DNA sequences of the respective IS 
elements,, resulting in a lower hybridization signal (13). Another less likely explana-
tionn for LIBs occurring in clustered strains could be the transmission of a mixture of 
bacteriall  populations in fixed ratios. 

Thee fact that M. tuberculosis isolates with LIBs in their RFLP patterns can be 
separatedd into bacterial populations with and without an additional band(s) suggests 
thatt changes in 1S6110 elements occur as gradual shifts in the bacterial populations in 
aa patient and not as favorable selective events. However, our findings suggest that 
selectivee pressure may play a role in these changes. The significant association 
betweenn the occurrence of LIBs in RFLP patterns and advanced age of the patients 
couldd be due to long-term suppressed in vivo multiplication or the endogenous 
reactivationn of M. tuberculosis thereafter. The specific growing conditions in micro-
aerobicc lesions may lead to an increased genetic diversification of offspring, as 
indicatedd by the study of Ghanekar et al. (16). This would also correspond to our 
previouss study, in which we found that variant RFLP patterns of M. tuberculosis were 
moree often observed in extrapulmonary isolates (9). In this respect, \S6110 transpo-
sitionss may be a driving force of the genetic rearrangement in the adaptive process of 
M.M. tuberculosis during dormancy or the revival thereafter. 

Thee LIBs were not equally distributed over the 700 band positions that were defined in 
thee computer-assisted analysis of RFLP patterns but were clearly related to preferential 
bandd positions, especially those corresponding to 7.1 and 1.7 kb. These differed from 
thee preferential band positions of normalintensity bands. The examination of these 
preferentiall  genomic sites, compared to the preferential sites for IS6110 in general 
(24),, may shed light on the mechanisms that play a role in the evolution of M. 
tuberculosis.tuberculosis. One of these mechanisms may be IS6770-related mutagenesis (13,23). 
Furtherr research is needed to reveal how genetic heterogeneity is related to the time 
betweenn infection and isolation of M. tuberculosis and/or bacterial growth under 
specificc conditions. 

RFLPP typing of M. tuberculosis isolates is highly standardized (28), but the fact that 
LIBss occur and how to interpret such bands have not been described. The recognition 
off  LIBs depends on laboratory procedures, such as the exposure time of the 
autoradiogramm and hybridization intensity. In general, we observed that overexposure 
off  autoradiograms resulted in the detection of more LIBs. However, in our study the 
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exposuree time was adjusted to obtain clear RFLP patterns for computer-assisted 
analysis.. Furthermore, hybridization procedures in our laboratory were highly standar-
dizedd and were always carried out by experienced laboratory technicians. As labora-
toryy procedures may play a role, we think the influence of laboratory artifacts on the 
occurrencee or detection of LIBs needs further study. 

Wee showed that the level of agreement between readers for the detection of LIBs was 
reasonable,, but not very good. In addition, it was shown that the interpretation of 
patternss with such bands in routine laboratory settings could be biased towards 
clustering.. Although the effect of this bias on the percentage of clustered RFLP 
patternss in the entire database was not very strong, we saw that this percentage was 
lowerr when none or all of the LIBs were assigned to the computerized RFLP patterns. 
Therefore,, based on our study, we propose the standardization of the procedure for 
handlingg LIBs. Bands recorded in GelCompar with a height of >15% of the average 
heightt of all bands in the RFLP pattern should be considered normal-intensity bands. 
Bandss recorded in GelCompar with a height of 10 to 15% of the average height of all 
bandss in that RFLP pattern should be labeled as low-intensity bands. If RFLP patterns 
withh LIBs cluster with other RFLP patterns, this clustering result, as well as its 
possiblee epidemiological confirmation, needs to be interpreted carefully. 
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