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INTRODUCTION

Mycobacterium tuberculosis is a successful world-
wide human pathogen responsible of killing about
3 million people every year (WHO Report, 2006),
it has been estimated that approximately one-third
of the world population has latent infections (Dye
et al., 1999). During the last 2 decades the intro-
duction of molecular tools has enabled us to bet-
ter understand and track tuberculosis (TB) trans-
mission and epidemiology. TB molecular epi-

Corresponding author
Leonardo A. Sechi
Department of Biomedical Sciences
University of Sassari
Viale San Pietro 43/b - 07100 Sassari
E-mail: sechila@uniss.it

demiology exploits selected bacterial DNA targets
to serve as markers for M. tuberculosis strains
(Barnes and Cave, 2003).The most polymorphic
regions targeted include: insertion sequences (IS),
direct repeats (DR) and tandem repeats. As a re-
sult every strain produces specific genetic profiles
called fingerprinting. Identical strain fingerprints
are called clusters and are usually associated with
recent transmission, while strains presenting
unique fingerprint profile suggest remote trans-
mission or infection acquired in the past.
The most established typing method, IS6110-
based restriction fragment length polymorphism
(RFLP), exploits the variable presence and copy
number (0-.25) of the IS6110 transposable ele-
ment among M. tuberculosis complex (MTC)
strains. IS6110 RFLP has been used in many epi-
demiological studies to detect outbreaks and

An evaluation of the utility of rep PCR typing compared to the 15 loci discriminatory set of MIRU-VNTR was under-
taken. Twenty-nine isolates of Mycobacterium tuberculosis from patients were examined. Genomic DNA was extract-
ed from the isolates by standard method. The number of copies of tandem repeats of the 15 MIRU-VNTR loci was de-
termined by PCR amplification and agarose gel electrophoresis of the amplicons. M. tuberculosis outbreak-related
strains were distinguished from other isolates. MIRU-VNTR typing identified 4 major clusters of strains. The same iso-
lates clustered together after RFLP typing, but rep-PCR identified only 3 of them. The concordance between RFLP and
MIRU-VNTR typing was complete, with the exception of two isolates with identical RFLP patterns that differed in the
number of tandem repeat copies at two MIRU-VNTR alleles. A further isolate, even sharing the same RFLP pattern,
differed by one repeat from the rest of its cluster. We also tested the use of an automated rep-PCR for clinical labora-
tory applications but it failed to identify the link between two pairs of epidemiologically related strains clustered by
the other 2 techniques. For superior discrimination, ease of comparison of results and lower cost, MIRU-VNTR typ-
ing should be the favored PCR-based typing tool.
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track TB transmission (Alland et al., 1994), to un-
cover laboratory cross-contamination (Braden et
al., 1997) and to distinguish exogenous reinfec-
tion from endogenous reactivation in relapse cas-
es. Although this method has been widely used
as the gold standard method for years (Kremer
et al., 1999), it is labor-intensive, requires well-
grown cultures, and cannot type strains which
harbor few IS6110 copy numbers (≥5). In addi-
tion this method generates data as an analogue
band pattern, difficult to reproduce and compare
among different laboratories. Those drawbacks
have prompted researchers to develop alternative
typing methods that can give faster results and
can be easily compared.
A rapid PCR-based typing tool like MIRU-VNTR
(mycobacterial interspersed repetitive units- vari-
able numbers of tandem repeats) enables DNA
fingerprints to be obtained from a small number
of bacteria or even directly from clinical samples
increasing the speed of identification of the or-
ganism (Mazars et al., 2001). Various studies us-
ing mycobacterial interspersed repetitive units-
variable number of tandem repeats (MIRU-
VNTRs) based typing show that the discrimina-
tory power of this method is close to that of the
IS6110 based method (Hawkey et al., 2003); and
produces more distinct patterns in case of low
IS6110 copy number isolates (Cowan et al., 2002;
Dye et al., 1999).
This genotyping method has been optimized and
proposed for standardization (Supply et al., 2006).
This study used the discriminatory set of 15 loci,
suitable for epidemiological study, to type 29 pa-
tient isolates of M. tuberculosis. The 15-digit nu-
merical code results obtained for each sample
were compared to the fingerprint given by IS6110
RFLP and to that obtained with another PCR-
based typing method the rep-PCR (repetitive-unit-
sequence-based PCR) to establish the feasibility
and discriminatory power of those methods.
Rep-PCR requires small amounts of M. tubercu-
losis culture material and produces high-resolu-
tion DNA fingerprints, thanks to an automated
and standardized system: the DiversiLab system
(MO Bio Laboratories, Solana Beach, Calif.) A
description of this automated rep-PCR technol-
ogy and its performance characteristics have been
recently published (Healy et al., 2005).
This molecular tool was initially developed for
DNA fingerprinting of nosocomial pathogens

such as S. aureus (Del Vecchio et al., 1995) and S.
pneumonia (Versalovic et al., 1993), and then
adapted to mycobacteria (Cangelosi et al., 2004).
This system has been used for outbreak investi-
gation (Freeman et al., 2005) and to type M. tu-
berculosis and M. avium complex isolates
(Cangelosi et al., 2004).
Specific regions, located between noncoding
repetitive sequences of the bacterial genome, are
amplified with the rep-PCR reagent kit, the re-
sulting |DNA amplicons are then separated on mi-
crofluid cheaps by the Agilent 2100 bioanalyzer.
The software analyzes results (fluorescent inten-
sity and migration time) and generates a den-
drogram, a gel-like image and a scatter plot that
are used for comparative analysis. Few studies
have been carried out in Sardinia to characterize
M. tuberculosis genotypes, the data available are
limited and rely only on IS6110 based RFLP typ-
ing (Sechi et al., 1996). This lack of information
and the fact that Sardinia being an island repre-
sents an optimal setting for epidemiological stud-
ies, prompted us to investigate further.
The objective of this preliminary study was to as-
sess the reliability of the DiversiLab system and
MIRU-VNTR in determining the relatedness of
M tuberculosis strains in Sardinia. In order to es-
tablish this, the results achieved were compared
with the fingerprinting obtained by the IS6110
based-RFLP typing.

MATERIALS AND METHODS

Mycobacterial isolates
M. tuberculosis clinical isolates from different
parts of the Sardinian region were collected by
the Diagnostic Laboratory of Tuberculosis,
Department of Biomedical Science, Sassari, Italy.
Bacteria were grown on Middlebrook 7H10 agar
with oleate-albumin-dextrose-catalase enrich-
ment. 
A total of 29 M. tuberculosis clinical isolates, iden-
tified previously by IS6110 nested PCR and bio-
chemical methods (Vestal A.L. 1977), were char-
acterized by IS6110-based restriction fragment
length polymorphism (IS6110-RFLP) analysis,
mycobacterial interspersed repetitive unit-vari-
able numbers of tandem repeats (MIRU-VNTR)
analysis, repetitive sequence-based PCR (rep-PCR)
and with the Diversilab System (Biomiereux).
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Sixteen out of 29 patients presented social links
or a family relationship.

DNA extraction 
DNA was extracted from M. tuberculosis cultures
according to standard protocols (van Soolingen et
al., 1991). For rep-PCR analysis, DNA was ex-
tracted from a 10 µl loop of each Mycobacterium
colony using the Ultra Clean Microbial DNA
Isolation Kit (MoBio Laboratories, Solana Beach,
Calif.). When necessary, the DNA was stored at -
20°C until required. 

MIRU-VNTR analysis 
MIRU-VNTR genotyping was performed by am-
plifying the15 MIRU loci discriminatory subset
for epidemiological study. The PCR primers and
amplification conditions described by Supply.
(Supply et al., 2006), were followed. The numbers
of tandem-repeat units were determined by esti-
mating the sizes of the amplicons on 2% agarose
gels. H37Rv DNA and sterile water were used re-
spectively as positive and negative controls. The
15- digit numerical code results obtained were
entered in the database freely available online at
http://www. MIRU-VNTRplus.org. 

IS6110 RFLP typing
Genomic DNA was digested with PvuII, separat-
ed by agarose gel electrophoresis and transferred
by Southern blotting to a nylon membrane ac-
cording to the international standard protocol for
M. tuberculosis (van Embden et al., 1993). DNA
fingerprinting was performed by hybridization
overnight with the IS6110 peroxidase-labeled
probe using an Enhanced chemiluminescence
method (ECL Amersham, Biosciences, Chalfont
St. Giles, United Kingdom).

Cluster analysis
IS6110 RFLP results were read by 3 independent
readers, and genotypes were assigned by con-
sensus. A cluster was defined as a series of iso-
lates that had 100% IS6110 fingerprint identity.
Band tolerance levels were set at 1%.

Diversilab v3.3
For rep-PCR analysis, genomic DNA was ampli-
fied using the DiversiLab Mycobacterium typing
kit (Bacterial Barcodes, Inc., Solana Beach,
Calif.). H37Rv was used as control. The ampli-

cons of various sizes and fluorescent intensities
were separated and detected using a microflu-
idics chip with the Agilent 2100 Bioanalyzer
(Agilent Technologies, Palo Alto, CA, USA). The
Web-based Diversilab software (version 2.1.66)
was used for further analysis. 
It automatically compares the rep-PCR-based
DNA fingerprints of unknown isolates through
the Pearson correlation coefficient and un-
weighted pair group method with arithmetic
mean. The report generated by the DiversiLab
System contained a dendrogram and a scatter
plot for sample comparison. A cut-off value of
95% similarity (Barnes and Cave, 2003) was used
to establish strain identity.

RESULTS

IS6110-RFLP
The IS6110 fingerprinting subdivided 29 M. tu-
berculosis isolates into 13 unique types and 4 clus-
ters. The range of IS6110 copies among isolates
varied from 6-18. Based on the copy number, M.
tuberculosis isolates were classified into 3 groups:
1) low copy number (6);
2) intermediate copy number (8-9) and
3) (high copy number (15-18), however, copy

number higher than 18 was not observed in
any of the isolates studied.

Thirty per cent of the isolates studied showed a
high copy number of IS6110, 52% showed inter-
mediate copy number, 18% showed low copy
number, isolates presenting less than 6 copy num-
ber were not included in the analysis. For the 16
isolates clustered in 4 groups, we also found so-
cial links and blood relations, which can further
justify the clustering (Table 1).
The discriminatory power was calculated by us-
ing Simpson - index of diversity and its value was
found to be approximately 1.0. 

MIRU-VNTR
The majority of the 29 isolates exhibited distinct
MIRU-VNTR genotypes by amplifying with
primers for 15 MIRU loci (Supply et al., 2006).
MIRU locus 4052 was found to be the most dis-
criminatory locus with 8 alleles. A minimum of 3
and a maximum of 11 repeats of this locus were
found in our study and allele number 4 was the
most common. Other loci were less variable with
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TABLE 1 - Clusters of isolates, ties between the members and typing tools results.

Cluster Strains’ ID Social-family RFLP MIRU-VNTR Rep-PCR
relationships

a) 475/06 Schoolmates Same copy Only 2 isolates More than 95%
507/06 Number and differed in the similarity
523/06 molecular number of
547/06 weight repeats at 2 loci

b) 71/01 Acquaintances Same copy Only1isolate More than 95%
571/99 who share the Number and differed in the similarity
143/06 or134/06 same car to go molecular number of
181/06 or 214/06 to work weight repeats at 1 locus
236/06 or 266/06

c) 697/06 Mother son Same copy Same 15 digit More than 95%
819/06 and daughter Number and code similarity
826/06 molecular weight

d) 400/07 Brother and sister Same copy Same 15 digit More than 95%
441/07 plus Number and code for all similarity for
+ molecular weight members brother and
520/06 2 coworkers from for all members sister, but not
118/07 Banari similar to the 2

clustered coworkers

FIGURE 1 - Dendrogram constructed based on MIRU-VNTR genotypes using the UPGMA method.



7 alleles in locus 802, 5 alleles in locus 960, 4 al-
leles in loci 424, 3690, 1955, 2163 and 2996. In
locus 960, allele 2 was the most common, present
in 14 isolates. 
Similarly, allele 2 was the most common in locus
424, found in 16 isolates. Loci 2165, 2401, 1644
and 3192 exhibited 3 alleles while loci 577 and
4156 only 2. Least variable was MIRU locus 4
alias 580, in fact allele 2 was found to be com-
monly present in all 29 isolates.
The dendogram (Figure 1) generated by using the
UPGMA algorithm is based on MIRU-VNTR pat-
terns which describe genetic relatedness among
the 29 isolates. Sixteen isolates were closely re-
lated and they clustered in 4 different groups. The
concordance between RFLP and MIRU-VNTR
typing was complete with the exception of two
isolates in cluster a) with identical RFLP patterns,
that differed in the number of tandem repeat
copies at two MIRU-VNTR alleles (523/06 locus
2996 and 475/06 locus 802). A further isolate of
cluster b) (214/06) had one repeat more at locus
1644 compared to the rest of the cluster, but iden-
tical RFLP fingerprint.
After entering our strains in the MIRU-VNTRplus
database, we carried out a best matches analysis
against the 186 reference strains collection rep-
resentative of the main principal MTBC lineag-
es. A total match was found for a single strain.
We then performed the analysis without using
the database content, just comparing our strains
one against the other to generate a dendrogram
which describes the genetic relatedness of the 29
isolates under study.

Analysis of M. tuberculosis isolates by auto-
mated rep-PCR
Isolates were analyzed with the DiversiLab
Mycobacterium typing kit (Bacterial Barcodes,
Inc., Solana Beach, CA, USA). The dendrogram
and virtual gel images indicate strain level group-
ing of the 29 M. tuberculosis isolates (Figure 2).
Rep-PCR also identified 4 main clusters: the first
3 being the same identified by RFLP and MIRU-
VNTR typing and a rather different fourth one.
To this cluster belong 2 isolates of cluster d) the
brother and sister from SS (SS400/07; SS441/07)
and 3 isolates from NU and OR (NU447/02;
NU549/02; OR147/03). All the other samples clus-
tered separately from each other, as observed af-
ter applying the other 2 typing tools. After re-

peating the analysis three times we had discor-
dant results for the 2 coworkers from Banari. The
first time the 2 strains had 76% similarity (dif-
ferent), the second and third they turned out to be
similar with strain 520/06 deriving from strain
118/07.
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FIGURE 2 - Rep-PCR-generated dendrogram and virtu-
al gel images representing rep-PCR fingerprint patterns of
29 M tuberculosis isolates from Sardinia. An SI cutoff of
95% was used for interpretation of relatedness. The four
isolates, which rep-PCR fail to cluster are depicted by
rectangle.



DISCUSSION

Epidemiological studies have helped shed light
on the transmission dynamics and spread of M.
tuberculosis strains. But the most widely used typ-
ing tool IS6110-RFLP is unable to give us results
in “real time”, so it quite often ends up giving re-
sults once outbreaks are already established. For
local outbreaks and investigations of laboratory
cross-contamination where speed is of the utmost
importance suspect strains should be initially in-
vestigated using a PCR-based method. For this
reason we performed both Rep-PCR and MIRU-
VNTR typing for a total of 29 Mycobacterium tu-
berculosis patient isolates from the Sardinian re-
gion. MIRU accurately identified 4 clusters which
were also defined by IS6110-based RFLP and
three of these were confirmed by Rep-PCR. Both
MIRU-VNTR and RFLP identified 16 linked iso-
lates involved in cross-infection among groups of
3, 4 and 5 people. To note, even being isolated 6
and 7 years before the other members of cluster
b), isolates 71/01 and 571/99 have the same RFLP
pattern but present a polymorphism at locus
1644, suggesting a higher rate of evolution at this
locus compared to that of IS6110- RFLP patterns.
For all the members of cluster b) Rep-PCR found
a very high percentage of similarity with a max-
imum of 99.2% for strains 143/06 and 214/06. In
case of cluster a) the concordance among the 3
techniques was 100%, with MIRU-VNTR typing
that was even able to further discriminate this
isolate due to the number of repeats at 2 loci
(802,2996).
The 3 techniques gave identical fingerprints for
the family members of cluster c). The same, as
might be expected, was found for the 2 family
members of cluster d) but in this case MIRU-VN-
TR typing and RFLP linked these (400/07; 441/07)
with other cases (520/06; 118/07) leading to the
discovery of an unsuspected chain of transmis-
sion. Rep-PCR failed to identify this association
and gave ambiguous results for the two cowork-
ers, but found a high percentage of similarity be-
tween the 2 family members and 3 other isolates
(447/02; 549/02; 147/03). At the moment we know
only that these patients come from different ge-
ographical regions and we have not been able to
identify any social link. Furthermore they proved
to be clearly unrelated after typing with the oth-
er 2 techniques.

CONCLUSION

Myriad studies have shown the importance of the
molecular typing tool to fully understand routes
of transmission. It is also important to be able to
have rapid results. Nowadays this is possible
thanks to PCR-based techniques. The aim of our
preliminary study was to evaluate 2 of them.
MIRU-VNTR typing was the most reliable and
should be considered the best typing tool for a
number of reasons. 
MIRU-VNTR has discrimination similar to that of
high IS6110 copy number strains and better for
low copy number strains (Cowan et al., 2002; Lee
et al., 2002; Valcheva et al., 2008). The typed
strains are expressed by a 15 or alternative 24-
digit numerical code, corresponding to the num-
ber of repeats at each locus. This numerical code
is easy to compare and exchange at inter-, and in-
tra-laboratory level. When laboratories have ac-
cess to an automated sequencer this method is
relatively easy to set up and yields results within
a day. Alternatively it can be performed with a
simple PCR machine and a gel apparatus
(Freeman et al., 2006). The storage of data is very
easy and data analysis is now further facilitated
by the online accessibility of the multifunctional
MIRU-VNTRplus database kindly supplied by
Supply (Allix et al., 2008).
After entering our strains in the database, we car-
ried out a best matches analysis against the 186
reference strains collection representative of the
main principal MTBC lineages. A total match was
found for a single strain. We then performed the
analysis without using the database content, just
comparing our strains one against the other to
generate a dendrogram describing the genetic re-
latedness of the 29 isolates under study.
Conversely, only few studies have demonstrated
strain-level discrimination for automated rep-
PCR with the DiversiLab system (Cangelosi et al.,
2004), and one of them proved that rep-PCR does
not yield consistent results when it is applied to
DNA extracted directly from small amounts of
primary diagnostic cultures, requiring well-
grown secondary cultures, delaying the time
needed to obtain primary results (Ashworth et
al., 2008).
The DiversiLab system is a highly integrated, au-
tomated and rapid testing platform but it is very
expensive, requires training of personnel and did
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not prove as valuable as MIRU-VNTR in distin-
guishing tuberculosis outbreak-related strains
from other isolates.

Acknowledgments
This work was supported by the MIUR, the
University of Sassari FAR, the City of Olbia and the
EU project TBSUGENT.

REFERENCES

ALLAND D., KALKUT G.E., MOSS A.R., MCADAM R.A.,
HAHN J.A., BOSWORTH W, DRUCKER E., BLOOM, B.R.
(1994). Transmission of tuberculosis in New York
City. An analysis by DNA fingerprinting and con-
ventional epidemiologic methods. N. Engl. J. Med.
330, 1710-1716.

ALLIX C., HARMSEN D., WENIGER T., SUPPLY P., NIEMANN

S. (2008). Evaluation and strategy for use of MIRU-
VNTRplus, a multifunctional database for online
analysis of genotyping data and phylogenetic iden-
tification of Mycobacterium tuberculosis complex
isolat. J. Clin. Microbiol. 46, 2692-2699.

ASHWORTH M., HORAN K.L., FREEMAN R., OREN E.
(2008). Use of PCR-based mycobacterium tuber-
culosis genotyping to prioritize tuberculosis out-
break control activities. J. Clin. Microbiol. 46, 856-
862.

BARNES P.F., CAVE M.D. (2003). Current concepts: mo-
lecular epidemiology of tuberculosis. New England
Journal of Medicine. 349, 1149-1156.

BRADEN C.R., TEMPLETON G., STEAD W., BATES J.H., CAVE

M.D., VALWAY W.E. (1997). Retrospective detection
of laboratory cross-contamination of Mycobac -
terium tuberculosis cultures with use of DNA fin-
gerprint analysis. Clin. Infect. Dis. 24, 35-40. 

CANGELOSI G.A., FREEMAN R.J., LEWIS K.N., LIVINGSTON-
ROSANOFF D., MILAN S.J., GOLDBERG S. (2004).
Evaluation of a high throughput repetitivese-
quence-based PCR system for DNA fingerprinting
of Mycobacterium tuberculosis and Mycobacterium
avium complex. J. Clin. Microbiol. 42, 2685-2693.

COWAN L.S., MOSHER L., DIEM L., MASSEY J.P., CRAWFORD

J.T., (2002). Variable number tandem repeat typing
of Mycobacterium tuberculosis isolates with low
copy number of IS6110 by using mycobacterial in-
terspersed repetitive units. J. Clin.Microbiol. 40,
1592-1602.

DEL VECCHIO V.G., PETROZIELLO J.M., GRESS M.J.,
MCCLESKEY F.K., MELCHER G.P., CROUCH H.K.,
LUPSKI J.R. (1995). Molecular genotyping of me-
thicillin-resistant Staphylococcus aureus via fluo-
rophore-enhanced repetitive-sequence PCR. J. Clin.
Microbiol. 33, 2141-2144.

DYE C., SCHEELE S., DOLIN P., PATHANIA V., RAVAGLIONE

M.C. FOR THE WHO GLOBAL SURVEILLANCE AND

MONITORING PROJECT. (1999). Global burden of tu-
berculosis. Estimated incidence, prevalence and
mortality by country. JAMA 282, 677-686.

FREEMAN R., KATO-MAEDA M. HAUGE K.A., HORAN K.L.,
OREN E., NARITA M., WALLIS C.K., CAVE D., NOLAN

C. M., SMALL P.M., CANGELOSI G.A. (2005). Use of
rapid genomic deletion typing to monitor a tuber-
culosis outbreak within an urban homeless popu-
lation. J. Clin. Microbiol. 43, 5550-5554.

HAWKEY P.M., SMITH E.G., EVANS J.T., MONK P., BRYAN

G., MOHAMMED H.H., BARDHAN M., PUGH R.N.
(2003). Mycobacterial interspersed repetitive unit
typingof Mycobacterium tuberculosis compared to
IS6110-basedrestriction fragmentlength polymor-
phism analysis for investigation of apparently clus-
tered cases oftuberculosis. J. Clin. Microbiol. 41,
3514-3520.

HEALY M., HUONG J., BITTNER T., LISING M., FRYE S.,
RAZA S., SCHROCK R., MANRY J., RENWICK A., NIETO

R., WOODS C., VERSALOVIC J., LUPSKI J.R. (2005).
Microbial DNA typing by automated repetitive-se-
quence-based PCR. J. Clin. Microbiol. 43, 199-207.

Kremer K., van Soolingen D., Frothingham R., Haas
W.H., Hermans P.W., Martin C., Palittapongarnpim
P., Plikaytis B.B., Riley L.W., Yakrus M.A., Musser
J.M., van Embden J.D. (1999). Comparison of
methods based on different molecular epidemio-
logical markers for typing of Mycobacterium tuber-
culosis complex strains: interlaboratory study of
discriminatory power and reproducibility. J. Clin.
Microbiol. 37, 2607-2618

LEE S.G., LYNN L.H., IRENE H.K., RICHARD B., YEWWONG

S. (2002). Discrimination of single copy IS6110
DNA fingerprints of Mycobacterium tuberculosis
isolates by high resolution minisatellite based typ-
ing. J. Clin. Microbiol. 40, 657-659.

MAZARS E., LESJEAN S., BANULS A.L., GILBERT M.,
VINCENT V., GICQUEL B., TIBAYRENC M., LOCHT C.,
SUPPLY P. (2001). High-resolution minisatellite-
based typing as a portable approach to global analy-
sis of Mycobacterium tuberculosis molecular epi-
demiology. Proc. Natl. Acad. Sci. USA 98, 1901-
1906.

SECHI L.A., ZANETTI S., DELOGU G., MONTINARO B., SANNA

A., FADDA G. (1996). Molecular Epidemiology of
Mycobacterium tuberculosis strains isolated from
different region of Italy and Pakistan. J. Clin.
Microbiol. 34, 1825-1828.

SOLA C., FERDINAND S., SECHI L.A., ZANETTI S., MARTIAL

D., MAMMINA C., NASTASI A. FADDA G., NASTOGI N.
(2005). Mycobacterium tuberculosis molecular evo-
lution in western Mediterranean Islands of Sicily
and Sardinia. Infection, Genetics and Evolution 5,
145-156. 

SUPPLY P., ALLIX C., LESJEAN S., CARDOSO-OELEMANN M
RUSCH-GERDES S., WILLERY E., SAVINE E., DE HAAS P.,
VAN DEUTEKOM H., RORING S., BIFANI P., KUREPINA

N., KREISWIRTH B., SOLA C., RASTOGI N., VATIN V.,

Tracking M. tuberculosis infection in Sardinia, Italy 161



GUTIERREZ M.C., FAUVILLE M., NIEMANN S., SKUCE

R., KREMER K., LOCHT C., VAN SOOLINGEN D. (2006).
Proposal for standardization of optimized my-
cobacterial interspersedrepetitive unit-variable-
number tandem repeat typing of Mycobacterium
tuberculosis. J. Clin. Microbiol. 44, 4498-4510.

VALCHEVA V., MOKROUSOV I., NARVSKAYA O., RASTOGI N.
AND MARKOVA N. (2008). Utility of new 24-locus vari-
able-number tandem-repeat typing for discriminat-
ing Mycobacterium tuberculosis clinical isolates col-
lected in Bulgaria. J. Clin. Microbiol. 46, 3005-3011.

VAN EMBDEN J.D., CAVE M.D., CRAWFORD J.T., DALE J.W.,
EISENACH K.D., GICQUEL B., HERMANS P., MARTIN C.,
MCADAM R., SHINNICK T.M. (1993). Strain identifi-
cation of Mycobacterium tuberculosis by DNA fin-
gerprinting: recommendations for a standardized
methodology. J. Clin. Microbiol. 31, 406-409.

VAN SOOLINGEN D., HERMANS P.W., DE HAAS P.E., SOLL

D.R., VAN EMBDEN J.D. (1991). Occurrence and sta-
bility of insertion sequences in Mycobacterium tu-
berculosis complex strains: evaluation of an inser-
tion sequence dependent DNA polymorphism as a
tool in the epidemiology of tuberculosis. J. Clin.
Microbiol. 29, 2578-2586.

VERSALOVIC J., KAPUR V., MASON E.O., SHAH U., KOEUTH T.,
LUPSKI J.R., MUSSER J.M. (1993). Penicillin-resistant
Streptococcus pneumoniae strains recovered in
Houston: identification and molecular characteriza-
tion of multiple clones. J. Infect. Dis. 167, 850-856.

VESTAL A.L. (1977). Procedure for isolation and identi-
fication of mycobacteria. US Department of Health,
Education and Welfare, Publ No CDC 77-8230,
Centre for Disease Control (CDC) Atlanta, Georgia.

WORLD HEALTH ORGANIZATION. (2006). Global
Tuberculosis Control. WHO Report. World Health
Organization, Geneva, Switzerland.

162 S. Masala, P. Molicotti, A. Bua, A. Zumbo, G. Delogu, L.A. Sechi, S. Zanetti



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 320
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.09375
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 320
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.09375
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ITA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




