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

The standardized IS6110 restriction fragment length poly-
morphism (RFLP) typing of Mycobacterium tuberculosis iso-
lates (28) is based on the concept that RFLP patterns reflect
the presence of the IS6110 element at different sites in the
genome of M. tuberculosis complex strains (22). RFLP typing
has permitted the differentiation of clinical M. tuberculosis
isolates in many parts of the world (1, 8, 11, 17, 19, 20, 30, 31,
32). M. tuberculosis isolates with identical IS6110 RFLP pat-
terns are considered to be clonally related and thus to repre-
sent ongoing transmission (14, 26, 33). In the early 1990s,
comparing RFLP patterns of M. tuberculosis isolates proved
useful in investigating outbreaks in closed communities, such
as hospitals and prisons (6, 7, 12, 15, 21). Several population-
based studies have also been carried out (2, 4, 25, 29), provid-
ing information on risk factors for transmission (2, 25, 29) and
transmission dynamics (3).

As most clinical M. tuberculosis isolates have distinctive
RFLP patterns with clearly defined bands, it is commonly as-
sumed that a pattern reflects the presence of IS6110 elements
in the genome of a single M. tuberculosis strain. However,
multiple M. tuberculosis infections have been observed (34).
RFLP typing of an isolate from multiple M. tuberculosis infec-
tions will result in a mixture of RFLP patterns. If one of the
bacterial populations predominates, the other(s) will be re-
flected as a background pattern of usually multiple low-inten-
sity bands (LIBs) in the mixed RFLP pattern.

Recently, a study of the instability of IS6110 RFLP patterns
of M. tuberculosis showed that RFLP patterns of consecutive
isolates can differ in one or two bands from the patterns of
initial isolates (9). In this study, it was assumed that after a
period of time the bacterial population in an M. tuberculosis
isolate had or had not changed as revealed in the IS6110 RFLP
patterns of follow-up isolates. However, it is likely that the
change in an M. tuberculosis population is gradual, so that only
part of a bacterial population shows a genetic change in the
IS6110 RFLP. This would result in a mixture of two RFLP
patterns with and without the changed IS6110 element and
hence result in one or two LIBs.

Analysis of the IS6110 RFLP patterns of M. tuberculosis
isolates has been standardized to a large extent: autoradio-
grams are scanned, converted to computerized images, and
normalized by software such as the GelCompar program (Ap-
plied Maths, Kortrijk, Belgium). However, LIBs hamper the
interpretation of RFLP typing results for epidemiological in-
vestigations, as the interpretation of LIBs is subject to varia-
tion. Some LIBs will be detected automatically; others will not.
It is common practice to manually correct the bands detected
by the computer. This correction procedure is not standard-
ized, and therefore a potential inaccuracy is introduced in
studying the transmission of tuberculosis when using IS6110
RFLP typing.

In this study, the prevalence and nature of LIBs in the
IS6110 RFLP patterns of M. tuberculosis are investigated. The
inaccuracy in matching M. tuberculosis isolates to the Dutch
database of RFLP patterns, related to the interpretation of
LIBs, is determined. Finally, possible associations between
LIBs in the RFLP patterns and patient and strain characteris-
tics are studied.
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MATERIALS AND METHODS

General. Since January 1993, all M. tuberculosis complex isolates in the Neth-
erlands have been subjected to IS6110 RFLP typing (28) and have been analyzed
by computer (18) using GelCompar software (version 4.1). In the GelCompar
program, 700 positions per lane are scanned. IS6110 RFLP patterns of M.
tuberculosis isolates are considered clustered if their patterns are identical (with-
in a position tolerance of 1%). When an epidemiological link between patients
is confirmed, isolates are also considered clustered if they differ by at most one
band.

LIBs: prevalence and between-reader agreement. Two fingerprint readers in-
dependently studied all 1,277 M. tuberculosis complex isolates fingerprinted in
the Netherlands between June 1997 and May 1998 by eye to detect multiply
banded background patterns and to score IS6110 RFLP patterns with LIBs.
None of these were “repeat” isolates from the same patient. The results from
each reader, blinded to the findings of the other, were compared. LIBs identified
by either reader were assessed by an experienced third reader. The level of
agreement between readers was studied further by comparing the number of
LIBs detected by four experienced readers in 64 RFLP patterns. Of these
patterns, 24 had been selected by an experienced reader to represent RFLP
patterns with bands that were difficult to interpret and another 40 had been
selected randomly from the 1,277 RFLP patterns. Objective criteria for the
assessment of LIBs were constructed using the computerized RFLP patterns:
percentages of the average intensity of bands in a pattern were compared to the
experts’ assignment of LIBs.

Consequences of interpretation of LIBs in RFLP patterns for clustering.
Whether or not a band is assigned to the computerized RFLP pattern at the
position of the LIB will influence the clustering of RFLP patterns of M. tuber-
culosis isolates. This was studied for 94 RFLP patterns by matching the patterns
with all bands assigned and again without the LIBs. The resulting percentages of
clustered strains were compared with the actual percentage of clustered patterns.

Nature of LIBs in RFLP patterns. To investigate whether the occurrence of
LIBs in RFLP patterns could be due to a heterogeneous bacterial population in
M. tuberculosis isolates, single-colony cultures (SCCs) of isolates with LIBs in
their RFLP patterns were prepared. Eight isolates with different 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 7H10 plates and
reculturing of individual colonies. The SCCs were subjected to standard RFLP
typing (28). To study whether M. tuberculosis isolates without LIBs in the RFLP
patterns would reveal heterogeneity in RFLP patterns of SCCs, 3 to 10 SCCs per
isolate were produced from six isolates with different RFLP patterns without
LIBs and subjected to standard RFLP analysis.

To study in more detail whether LIBs in RFLP patterns could represent mixed
bacterial populations, two experiments were undertaken. First, we assessed
whether LIBs could be produced by mixing DNA from two different M. tuber-
culosis isolates with completely different RFLP patterns. Second, we studied at
what ratios DNA mixtures would show LIBs. This was done by mixing in different
ratios the DNAs of two M. tuberculosis isolates with RFLP patterns differing by
only one band. All DNA mixtures were typed using standard IS6110 RFLP.

To investigate whether LIBs could be a fixed phenomenon, present in identical
RFLP patterns of M. tuberculosis isolates from epidemiologically related pa-
tients, the RFLP patterns of a total of 726 clusters were reviewed by an experi-
enced 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. If more than 10 RFLP patterns per cluster were
available, the 10 most recently found were reviewed.

To further study the possibility that LIBs represent a fixed phenomenon, three
patients with identical RFLP patterns containing LIBs were selected from each
of two clusters. SCCs of their M. tuberculosis isolates were prepared and typed
using IS6110 RFLP.

Preferential band positions of LIBs. To determine whether LIBs were more
prevalent at certain restriction fragment positions, the relative frequencies of
band positions of LIBs in IS6110 RFLP patterns were investigated. In this
investigation, RFLP patterns of unique isolates and, in the case of clustered
isolates, patterns of the first isolates of clusters were included. This amounted to
a total of 838 RFLP patterns, containing 6,189 normal-intensity bands and 69
LIBs.

Characteristics of patients and mycobacteria associated with LIBs. A com-
parison was made between patients infected by M. tuberculosis with and without
LIBs in the RFLP pattern. Patient variables were age, sex, infection at extrapul-
monary site, and being in a cluster of patients with identical RFLP patterns.
Bacterial variables were the resistance profile and the number of IS6110 copies
in the RFLP pattern. Fifteen to 50 RFLP patterns of isolates with a certain
resistance profile analyzed in the period from January 1993 to July 1998 were
reviewed at random to score LIBs.

Associations were tested by the x2 test or the median two-sample test (normal
approximation) as appropriate. Statistical significance was accepted if P was
,0.05.

RESULTS

LIBs: prevalence and between-reader agreement. In 1,277
IS6110 RFLP patterns of M. tuberculosis complex isolates fin-
gerprinted in the Netherlands between June 1997 and May
1998, no multiply banded background patterns, indicative of
multiple infections, were found. This suggests that the M. tu-
berculosis complex strains from this period were all clonal.

LIBs were detected in 94 of the 1,277 IS6110 RFLP patterns
of M. tuberculosis complex isolates (7.4%) when the laboratory
technician most experienced in RFLP typing reviewed 97
RFLP patterns with possible LIBs. These 97 RFLP patterns
were found by adding the RFLP patterns with LIBs found by
reader A to those found by reader B. Reader A detected LIBs
in 73 out of 1,277 RFLP patterns (5.7%), whereas reader B
detected such bands in 55 (4.3%) patterns. Both readers
agreed upon LIBs in 31 RFLP patterns, whereas their findings
were not in agreement for 66 patterns. A further study of
interreader agreement on 64 RFLP patterns revealed that four
readers found LIBs in 9, 14, 15, and 19 patterns. The levels of
agreement among these four readers on LIBs in 64 RFLP
patterns ranged from a kappa of 0.42 to 0.64.

In GelCompar, the intensity per band is recorded in binary
form as the height (indicative 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 to the average height and sigma of
normal-intensity bands. Only the average height of LIBs dif-
fered from that of normal intensity bands, so the height was
considered to be a reliable reflection of the intensity. Percent-
ages of the average intensity per RFLP pattern were compared
to LIBs assigned by expert readers. The level of agreement,
corrected for the agreement attributable to chance, between
the expert assignment of LIBs 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%.

Consequences of interpretation of LIBs in RFLP patterns
for clustering. From 94 M. tuberculosis isolates with comput-
erized RFLP patterns that were identified as having one or
more LIBs, on the basis of routine reading of RFLP patterns
42 were clustered with other RFLP patterns in the entire
Dutch database. If none of the LIBs were assigned, 35 patterns
were clustered, of which 3 were not considered clustered be-
fore. If all LIBs were assigned, 15 patterns were clustered. Five
RFLP patterns would be considered clustered either with or
without the LIB. However, assigning all or no LIBs, in both
cases leading to a decreased number of clustered RFLP pat-
terns, did not significantly reduce the clustering percentage in
the entire Dutch database in the study period. In the period
from June 1997 to May 1998, 49.3% of all RFLP patterns were
clustered on the basis of routine reading of RFLP patterns.
When none of the LIBs or all LIBs were assigned, this per-
centage decreased to 48.8 and 47.1%, respectively.

Nature of LIBs in RFLP patterns. In order to investigate
whether genetic heterogeneity could be the reason for the
occurrence of LIBs, SCCs were prepared from clinical isolates
exhibiting LIBs. All RFLP patterns of the SCCs produced from
the eight isolates with LIBs did not show the LIBs of the
parental cultures but either showed no band at all or a band
with a normal intensity at the position of the LIB of the pa-
rental culture. Eight out of eight isolates 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, one of the clinical isolates with LIBs (isolate A
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in Fig. 1) revealed four different RFLP patterns in the SCCs.
This isolate was taken from a patient from whom two other M.
tuberculosis isolates, AI and AII (data not shown), were ob-
tained on the same day. The RFLP pattern of isolate AI was
identical to the pattern of one of the SCCs of isolate A. All
other patterns of either isolates or SCCs from this patient were
different. The RFLP pattern of isolate A had 16 bands (of
which seven were LIBs), the pattern of isolate AI had 12 bands
(one LIB), and the pattern of isolate AII had 14 bands (four
LIBs). All four RFLP patterns had 11 bands in common. The
SCCs of the six parental cultures without LIBs had RFLP
patterns identical to those of the parental cultures.

In order to measure the detection level of DNA of one strain
mixed with DNA of another strain, different ratios of DNA
from two strains with different RFLP patterns were tested in
RFLP typing. If DNA for RFLP typing consisted of DNA of
strain A and DNA of strain B in the ratios 1/9 to 3/7, the
IS6110 RFLP pattern of strain A occurred as LIBs (Fig. 2). If
the DNA mixture consisted of DNA of a strain with an addi-

tional band and DNA of a strain without that band, an LIB was
visible in the ratios 1/9 to 2/8 (Fig. 3).

To investigate whether LIBs could represent a phenomenon
not associated with mixed bacterial populations, LIBs were
scored in RFLP patterns of 726 clusters. At least two isolates
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 two 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 shows the LIB-containing RFLP
patterns of three individual patient isolates of a cluster.

Preferential band positions of LIBs. When the band posi-
tions of 6,189 normal-intensity bands and 69 LIBs were stud-
ied, LIBs were found more often at particular band positions,
namely, band positions 125 (7.2 kb) and 400 (1.7 kb) (Fig. 5).

Characteristics of patients and mycobacteria associated
with LIBs. Of the 1,277 RFLP patterns of M. tuberculosis
complex isolates, 1,207 were included in the analysis of char-
acteristics of patients and strains. A total of 70 isolates were
excluded (44 Mycobacterium bovis BCG isolates, 1 Mycobacte-
rium microti isolate, 11 isolates of unknown species, and 14
laboratory cross contamination isolates).

LIBs in the RFLP patterns of M. tuberculosis isolates were
more often observed in older 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 was not associated with the patient’s
sex, the extrapulmonary sampling site, clustering of tuberculo-
sis patients based on identical RFLP patterns, or the number
of IS6110 copies in the RFLP pattern (Table 1).

Because 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 profiles was
investigated. Table 2 presents the percentages of RFLP pat-
terns with LIBs for different resistance profiles for which at
least 15 RFLP patterns were investigated. The highest percent-
age of patterns with LIBs, 17%, was found among isolates
resistant to isoniazid, rifampin, ethambutol, and streptomycin.
However, this percentage was not significantly different from
that of isolates with other resistance profiles. In addition, the

FIG. 1. IS6110 RFLP patterns of isolates, showing LIBs, and SCCs, from
three different patients (A to C). Lanes 1 show the banding patterns of the
isolates, with LIBs indicated by arrows. Lanes 2 to 5 show the banding patterns
of SCCs of these isolates. The numbers on the right indicate the sizes of standard
DNA fragments in kilobase pairs.

FIG. 2. IS6110 RFLP patterns of different mixtures of the DNAs of two M. tuberculosis strains. Lanes 1 and 21 show the RFLP patterns of the pure DNAs of the
two strains. Lanes 2 to 20 show the patterns of mixtures of the DNAs of these strains. The numbers in the second horizontal row indicate the ratios of the DNA mixtures.
The numbers on the left indicate the sizes of standard DNA fragments in kilobase pairs.
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percentage of patterns with LIBs for isolates with other resis-
tance profiles ranged between 0 and 8%, indicating that LIBs
were not associated with any particular resistance profile.

DISCUSSION

This study showed that the prevalence of multiple M. tuber-
culosis complex infections in The Netherlands is very low. M.
tuberculosis complex isolates analyzed from May 1997 to June
1998 in The Netherlands were screened for indications of mul-
tiple infections expressed by the presence of low-intensity
background patterns. In 1,277 IS6110 RFLP patterns no mul-
tiply banded background patterns, indicative of tuberculosis
infections with more than one strain, were observed. This con-
clusion seems to be valid, as a second strain could be detected
if 10 to 30 or 70 to 90% of the DNA necessary for RFLP typing
originated from a second strain. However, if mixtures were
present in another proportion, it is possible that multiple in-
fections were not detected. Still, as we did not find multiply
banded background patterns and as they have only been doc-
umented anecdotally, for instance, during an episode of labo-
ratory cross contamination (27), we conclude that multiple
infections are rarely encountered. This is in agreement with
our previous study of the stability of IS6110 RFLP, in which
almost all initial and follow-up M. tuberculosis isolates of 546
patients had identical or nearly identical RFLP patterns (9).
Further research is needed to study whether multiple infec-
tions, reflected in multiply banded background patterns, occur
more often in areas with a high prevalence of tuberculosis
infection.

Although we did not find any indication of multiple infec-
tions, a relatively high number of RFLP patterns (6.7%) con-
tained one or two LIBs. We showed that these LIBs can be
explained by genetic heterogeneity. In the SCCs produced
from eight LIB-exhibiting isolates, we found either a normal-
intensity band or no hybridization at all at the position of the
LIB in the parental strain. It should be noted that we may have
underestimated the percentage of RFLP patterns containing
LIBs in this study, as 3 out of the 43 laboratories in The
Netherlands submitted M. tuberculosis SCCs instead of full
specimen cultures. As would be expected, the isolates from

these three laboratories did not show any LIBs in the RFLP
patterns.

We proved with RFLP typing of SCCs that LIBs in RFLP
patterns can be explained by the presence of two bacterial
populations, with and without a transposed IS6110 element.
Assuming that a single infectious unit can be sufficient to
transmit tuberculosis (10), LIBs resulting from mixed bacterial
populations will not be observed in all isolates of clusters.
However, we found RFLP patterns with LIBs to be reproduced
in 1.7% of all clusters in The Netherlands. This finding was
supported by analysis of two clusters of isolates with LIB-
containing RFLP patterns; all RFLP patterns of the SCCs of
three isolates of these clusters contained the same LIB as the
parental cultures. This indicates that not all LIBs reflect mixed
bacterial populations. The nature of these LIBs is not yet clear,
but they could be due to truncation, as was observed in IS1081

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

FIG. 3. IS6110 RFLP patterns of different mixtures of the DNAs of two SCCs of an M. tuberculosis strain differing in a single IS6110 element. Lane 1 shows the
pattern of pure DNA of one SCC. Lanes 2 to 21 depict patterns of mixtures of this DNA with an increasing amount of DNA of another SCC containing an additional
IS6110 copy at a PvuII restriction fragment of approximately 3.5 kb. The numbers in the second horizontal row indicate the ratios of the DNA mixtures. The numbers
on the left indicate the sizes of standard DNA fragments in kilobase pairs.

VOL. 38, 2000 GENETIC HETEROGENEITY IN M. TUBERCULOSIS 4481



(5), or to mutations in the DNA sequences of the respective IS
elements, resulting in a lower hybridization signal (13). An-
other less likely explanation for LIBs occurring in clustered
strains could be the transmission of a mixture of bacterial
populations in fixed ratios.

The fact that M. tuberculosis isolates with LIBs in their
RFLP patterns can be separated into bacterial populations
with and without an additional band(s) suggests that changes in
IS6110 elements occur as gradual shifts in the bacterial popu-
lations in a patient and not as favorable selective events. How-

ever, our findings suggest that selective pressure may play a
role in these changes. The significant association between the
occurrence of LIBs in RFLP patterns and advanced age of the
patients could be due to long-term suppressed in vivo multi-
plication or the endogenous reactivation of M. tuberculosis
thereafter. The specific growing conditions in microaerobic
lesions may lead to an increased genetic diversification of off-
spring, as indicated by the study of Ghanekar et al. (16). This
would also correspond to our previous study, in which we
found that variant RFLP patterns of M. tuberculosis were more
often observed in extrapulmonary isolates (9). In this respect,
IS6110 transpositions may be a driving force of the genetic
rearrangement in the adaptive process of M. tuberculosis dur-
ing dormancy or the revival thereafter.

The LIBs were not equally distributed over the 700 band
positions that were defined in the computer-assisted analysis of
RFLP patterns but were clearly related to preferential band

FIG. 5. Frequency distribution of 6,189 normal-intensity bands (NIB) and 69 LIBs per band position category (GelCompar band position and sizes of standard DNA
fragments in kilobase pairs).

TABLE 1. Patient characteristics and strain characteristics for
isolates with one or more LIBs in the IS6110 RFLP pattern

of M. tuberculosis and for isolates with normal-
intensity bands in the RFLP pattern

Characteristic

Isolates with LIBs
in RFLP patterns

Isolates without LIBs
in RFLP patterns

n No. positivea n No. positivea

Age (yr) 77 1,087
,25 9 (11.7) 205 (18.9)
25–44 33 (42.9) 523 (48.1)
45–64 17 (22.1) 163 (15.0)
$65 18 (23.4) 196 (18.0)b

Median (P5; P95)c 39 (19;80) 35 (17;81)
Male 72 46 (63.9) 1,029 617 (60.0)
Extrapulmonary isolate 72 9 (12.5) 911 120 (13.2)
Clustered 83 46 (55.4) 1,119 573 (51.2)
Drug-resistant isolate 82 17 (20.7) 1,116 156 (14.0)
Median no. of IS6110 bands

(P5;P95)
82 11 (1;17) 1,113 10 (1;17)

a Values are number (percentage) unless otherwise indicated.
b x2

trend 5 4.7; P , 0.05.
c (P5;P95), 5th percentile; 95th percentile.

TABLE 2. No. of RFLP patterns with LIBs for
different resistance profiles

Resistancea No. of
patterns
studied

No. (%)
of patterns
with LIBsIsoniazid Rifampin Ethambutol Streptomycin

50 4 (8)
Resistant 50 1 (2)

Resistant 17 0 (0)
Resistant 50 4 (8)
Resistant Resistant 50 3 (6)
Resistant Resistant 23 1 (4)
Resistant Resistant Resistant Resistant 18 3 (17)

a Resistant is defined as follows: isoniazid, .0.2 mg/ml; rifampin, .1 mg/ml;
ethambutol, .5 mg/ml; streptomycin, .5 mg/ml (MICs).
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positions, especially those corresponding to 7.1 and 1.7 kb.
These differed from the preferential band positions of normal-
intensity bands. The examination of these preferential 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. One of these mechanisms may
be IS6110-related mutagenesis (13, 23). Further research is
needed to reveal how genetic heterogeneity is related to the
time between infection and isolation of M. tuberculosis and/or
bacterial growth under specific conditions.

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

We 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 patterns with
such bands in routine laboratory settings could be biased to-
wards clustering. Although the effect of this bias on the per-
centage of clustered RFLP patterns in the entire database was
not very strong, we saw that this percentage was lower 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 handling LIBs. Bands
recorded in GelCompar with a height of .15% of the average
height of all bands in the RFLP pattern should be considered
normal-intensity bands. Bands recorded in GelCompar with a
height of 10 to 15% of the average height of all bands in that
RFLP pattern should be labeled as low-intensity bands. If
RFLP patterns with LIBs cluster with other RFLP patterns,
this clustering result, as well as its possible epidemiological
confirmation, needs to be interpreted carefully.
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