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Molecular epidemiology (ME), a blend of molecular biology and epidemiology, is very useful to
study the spread of tubercle bacilli in mini epidemics, outbreaks, to analyse the transmission
dynamics of tuberculosis (TB) and to determine the risk factors for TB transmission in a
community. ME has a great role in distinguishing between exogenous reinfection and endogenous
reactivation. In the laboratory, molecular epidemiology can be used to identify cross
contamination. Many new DNA typing methods have been introduced after the initial
introduction of restriction fragment length polymorphism (RFLP) in 1993. An internationally
accepted, standardized protocol for RFLP typing of theMycobacterium tuberculosicomplex
using 1S6110 was published in 1993 and is still used today. Most of the newer DNA typing
methods are PCR based and microarray based methods are also available. This will enable
individual strains of M. tuberculosisor clonal groups to be identified by specific phenotypic
traits. ME will continue to be a useful tool in future to measure the impact of any public health
intervention strategy for control of tuberculosis in the community.
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Molecular epidemiology, the study of distribution Fingerprinting of M. tuberculosisexploits
and determinants of disease occurrence in humamestriction fragment length polymorphism (RFLP) of
populations using molecular techniques, is a blendchromosomal DNA. The amplified illustration of the
of molecular biology and epidemiology. procedure is shown schematically (Fig.). Variation
Epidemiologic investigations that incorporated DNA in the array of fragments generated by specific
fingerprinting of the isolates ofycobacterium restriction endonucleases are called RFLPs.
tuberculosishave been used to provide novel However, restriction enzyme digestion generates
information about the spread of tubercle bacilli in many bands in the gel which make comparison of
miniepidemics and outbreaks, to analyse themany gels nearly impossible. To simplify analysis
transmission dynamics of tuberculosis (TB) and toit is possible to perform Southern blotting of
distinguish exogenous reinfection from endogenouselectrophoretically - separate DNA followed by
reactivation. In addition, ME is also being used to hybridisation with probes to determine the presence
identify the source of laboratory contamination, to and size of fragments containing specific genomic
determine the risk factors for TB transmission in a DNA restriction fragments.
community, and to track the geographic distribution
and spread of clones ofl. tuberculosisof public Repetitive elements called insertion sequences (IS)
health importance. are present in various sites and variable copy numbers
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Fig. Restriction fragment length polymorphism (RFLP) can distinguish two isolatdgadbacterium tuberculosi¥he chromosomal

DNA from 2 clinical isolates oM. tuberculosisvere digested with restriction enzyme. Pvu Il. The resulting DNA fragments were
run on agarose gel electrophoresis along with molecular weight marker. The DNA fragments were transferred from the agarose gel
nylon membrane by southern blotting and hybridized with non radioactively labeled IS 6110 repeat element.
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in the genomic DNA. These ISs serve as probesgculture of M. tuberculosistakes 4-8 wk. Also, this
allowing comparison of the number and size of method has poor discriminatory power for isolates
fragments containing an IS. The most commonly with less than 6 copies of IS6110 (<6 bands in the
used insertion sequence or repetitive element iSRFLP pattern). To avert the poor discriminatory
1IS6110 which is found throughout tie tuberculosis  power of this probe, supplementation of the technique
complex. It was originally hypothesized that IS6110 with other probes has been adopted. Various
insertions occur randomiybut that was not true in repetitive DNA elements that contribute to strain
the sequenced H37Rv strain Mf tuberculosis® variation have been discoveredNh tuberculosi%™®,
Polymorphic GC repeat sequence (PGRS), and major
Internal and external molecular weight standardspolymorphic tandem repeat (MPTR) have a broad
introduced adjacent to the specimen tracks facilitatehost range besidéd. tuberculosiscomplex. Among
accurate computer-assisted analysis of IS6110 RFLRhe various repetitive sequences only 1S6110 and
patterns. The RFLP band patterns of strains may béS1081 are insertion sequences and the others are
compared visually or scanned optically by a short sequences with no known function or
computerized reading system and matched to ghenotype.
reference library of strain profilés When used in
conjunction with standardized international databases The DR region irM. tuberculosiscomplex strains
and computer-assisted analysis, this approach allowss composed of multiple direct variant repeat sequence
comparisons of strains between different laboratoriegDVRS) each of which is composed of a 36-bp DR
in widely separated geographical regions. Twoand a non repetitive spacer sequence of similar size.
computerized systems, Gel compare versionlt has been shown that there is extensive
4.2 program (Applied Maths Inc. Gent Belgium) and polymorphism in the DR region by the variable
(Bio Image whole Band Analyser, version 3.3 presence of DVRS and this polymorphism is used in
Millipore, Ann Arbor Ml USA) have been developed the epidemiology of tuberculosis. The DR locus is
specifically for the analysis of RFLP patternshof presently the only well-studied single locus in the
tuberculosis While these systems are suitable for genome ofM. tuberculosisshowing considerable
the study of large numbers of isolates, they arestrain-to-strain polymorphism. The nature of

expensive and not widely available. polymorphism has been used to genotypically classify
clinical isolates by DR-RFLP to define
DNA typing methods epidemiological relationships'

An internationally accepted, standardized protocol ~ Spoligotyping is a polymerase chain reaction
for RFLP typing of theéM. tuberculosisomplex using  (PCR)-based method that interrogates a small DR
IS6110 was published in 1990 and is still used tdday sequence with 36 bp repeats interspersed with short
Between 0-25 copies of 1S6110 are found in almostunique, non repetitive sequences 35-71 bp in length.
all strains ofM. tuberculosiscomple®” and is not All these spacer nucleotides between the direct
known to be present in other organisms. 1S6110repeats can be amplified simultaneously using one
elements differ in their position and number and thisset of primers. The presence or absence of spacers
variability is exploited to distinguish between strains. in a given biotinylated strain is determined by

hybridization with a set of 43 oligonucleotides

Though 1S6110 RFLP typing is the Gold standard derived from spacer sequencesMf tuberculosis
for typing strains ofM. tuberculosis it has several H37Rv. Although the overall discriminatory power
disadvantages. It is a slow, cumbersome, labouof spoligotyping is lower than that of IS6110 typihg
intensive and technically demanding technique it has the specific advantage of higher discrimination
requiring relatively large amountsd., 2 pg) of high  of strains with low copy numbers of IS6210
guality DNA from each strain d¥l. tuberculosisan
amount that can only be extracted from a large The multiple synthetic spacer nucleotides are
number of bacteria grown from clinical material. The covalently bound to a nylon membrane in parallel
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lines. Hybridization is performed in a 45-lane blotter DNA fingerprint analysis was attempted using
by applying PCR products of 2X Sodium chloride M. tuberculosidgsolates spotted onto filter paper and
Sodium Phosphate Ethylene diamino tetracetic acidconcluded that the results were identical to those
(SSPE) in the wells. After washing the membrane,obtained from conventional culture matetial The
the bound fragments are revealed by other method fast ligation-mediated PCR (Flip) is
chemiluminescence by incubating with horse radishpased on mixed-linker method and has the same
peroxidase labeled streptavidin and the discriminating power bu¥l. tuberculosissolates can
autoradiogram is developed. be typed within 6.5 h. Another method, ligation-
mediated PCR (LMPCR) uses the 5’ end of the
The most commonly used secondary markers arélanking sequence of 1S6110 for amplificat?®
the polymorphic guanine/cytosine-rich repetitive Hemi nested inverse PCR method targets the insertion
sequences (PGRS), a triplet repeat of GTG and thgequence 1S6110 and the upstream flanking
major polymorphic tandem repeat (MPTR). The regiong®3. All these methods are based on 1S6110

PGRS typing system uses the polymorphic GC-richelement and hence not useful for typing the isolates
sequence contained in the recombinant plasmidyith jow copy numbers of 1S6110.

pTBN12 as a probé!8 Two other nucleic acid-based

typing systems fo_'M' tuberculosishavg been Exact tandem repeats (ETRs) have also been used
described. Pulse field gel electrophoresis (PFGE),. bcRr-pased strain typing assiys ETRs differ
allows simplified chromosomal restriction fragment ¢ polymorphic repeat sequences by having a
patterns to be generated without using probe 4 iapie number of tandem repeats ranging from

hlybridijzat'icr)]n mthst. :jn thisi methorc]i, DNAD:\SIASS to 79 bp in length, which vary between strains
cleaved with restriction endonucleases that cut and between different species of tletuberculosis

infrequently, creating large fragments of complex
chromosomal DNA. The restriction fragments are ’
then separated using sophisticated and expensive
electrophoresis equipment. This method
discriminates the strains with low IS6110 copies.
There is discrepancy between PFGE and 1S6110 i
classifying strains with 1IS6110 high copy numBgrs

A high resolution typing method based on the
variable number of tandem repeats (VNTR) of
mycobacterial interspersed repetitive units (MIRUS)
rhas been successfully employed in typing the
mycobacterial isolates yielding a resolution power close
to 1IS6110-RFLP. MIRUs are short (40-100 bp) DNA
elements often found as tandem repeats and dispersed

, _in intergenic regions in the genome of the
PCR-based methods are easier to perform, requirg, tuberculosiscompleX®. The strains vary in the

relatively smaller amounts of genomic DNA and even nymper of repeats at different loci. Each typed strain
can be performed on non viable organisms or directlyis assigned a 12-digit number corresponding to the
from clinical specimens relative to RFLP nymber of repeats at each MIRU loci, forming the
genotyping®?2 basis of a coding system that facilitates
interlaboratory comparisofs®. The technical

Many PCR based typing assays have beenyifficulty of sizing the multiple small PCR fragments
developed in the recent past based on 1S6110 as thig gvercome by combining multiplex PCR with a
target. Ligation mediated PCRmixed linker PCR,  fluorescence-based DNA analyZer Relative to
hemi-nested inverse PCR, 1S6110 inverse PCR|S6110 RFLP typing, MIRU VNTR profiling is fast,
IS6110 ampliprinting and double-repetitive (DR) appropriate for strains regardless of their 1S6110
element PCR are among the techniques developed RFLP copy number and permits rapid comparison of
to date. Spoligotyping is a PCR based method whichglobal strains using a binary data classification
has been described before. systend®.

PCR-based methods

Automated detection of DNA fingerprints was Fluorescent amplified fragment length
achieved using mixed-linker PCR Mixed-linker  polymorphism (FAFLP) typing is a whole genome
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approach that involves digesting genomic DNA with amplified DNA fragmertt. This approach allows a
two restriction enzymeskECoRIandMsc ). The DNA fragment of 300 to 500 bp to be sequenced in
restriction fragments are linked to the adaptors using24 h. In future, improvements in automation of target
a DNA ligase. Only particular restriction fragments amplification and direct sequence analysis may lead
are visualized after PCR amplification because theto practical implementation of this method in
primer for the EcoRI| adaptor sites contains thelaboratories.
selection bases ATC or G labeled with fluorescent
dyes and then amplifying the resulting fragments with  Another approach is to evaluate the relatedness
different fluorescent dye-labeled primé&tsThis of strains based on the whole genome sequence using
method is useful for discriminating low copy number DNA microarrays and DNA chip technology. These
strains. techniques allow simultaneous detection of genetic
variation at various genomic sites by analysis of the
Kremer et aP® compared 5 different methods of amount and specific location of mycobacterial DNA.
RFLP typing which employed 1S6110, 1S1081, Conceptually, they use oligonucleotide arrays
PGRS, the DR and the GTSS repeat as probes. Ofontaining thousands of oligonucleotides on a limited
the PCR- based methods compared, VNTR typing,surfacé
mixed-linker PCR and spoligotyping were highly
reproducible between different laboratories.The Deletion microarray approach will potentially
double repetitive PCR (DRE-PCR), I1S6110 inverseprovide information both on phylogenetic
PCR, 1S6110 ampliprinting and arbitrarily primed relationships and information about specific
PCR were not reproducible. Despite the developmenbiologically relevant phenotypes. Briefly, the genome
of different typing methods, RFLP using 1S6110 is of a strain is compared against that of a known,
being widely used and considered the Gold standardgequenced reference strain, using a microarray. Any
to which other methods are compated Thus  deletions that have occurred will be detected in the
implementation of multiple molecular techniques in comparison. Since deletions rarely occur
a single study provided better discrimination betweenindependently at exactly the same chromosomal
strains and insight for phylogenetic groupiffigs locus, they can be considered unique and irreversible
Today, most of the molecular epidemiologic studiesgenetic events. The number and distribution of these
rely on 1S6110 RFLP typing and a secondary typingdeletions provide a genomic pattern that can be used
method such as PGRS or spoligotyping for isolatesto construct phylogenetic relationships. The genomic
with less than 6 bands in the IS6110 RFLP bandpatterns can also be used to determine whether the
pattern. loss of specific genes is related to the phenotype of a
strain, such as its transmissibility or antigenicity.
There is rising interest in identifying relationships
between strains that have a specific phenotype sucMolecular epidemiology as a tool to identify
as increased infectivity, virulence, or outbreaks and to analyse the transmission
hypermutability. Direct comparison of genomic DNA dynamics of TB
sequences of strains bf. tuberculosiswould be the
best way of quantitatively determining whether the  Qutbreak situation usually involves person-to-
two strains are similar or different, but DNA person spread or simultaneous infection from a
sequencing is still too expensive and complex to becommon source. By definition, all isolates involved
applied in practical situations to large numbers ofin outbreak of an infection would be expected to be
isolates. Currently, it is possible to analyze shortclonal. Non clonality, which is often easier to
segments of DNA for sequence similarities and determine, eliminates an isolate from consideration
differences. Genomic fragments can be amplifiedin a specific chain of transmission. Ideally, strain
using PCR, and an automated DNA-sequencingtyping will provide a clear, objective basis for
procedure involving fluorescent dye-labeled jdentifying the outbreak strain and distinguishing it
terminators can be used to directly sequence the PCRrom epidemiologically unrelated isolates. Many
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studies on TB have extended these assumptions to In summary, DNA fingerprinting is a useful tool

define clusters of patients in the community basedto confirm or rule out the possibility of recent TB

on identical DNA fingerprinting patterns from the transmission between two or more persons. It has
isolates oM. tuberculosis Conventional TB contact @lso shown that TB transmission can occur through
investigations use circuitous approaches to collectShort, casual and unsuspected contacts. Molecular
information and to screen spouses, partners, 0theg:.\pide_miologic studies_suggest that the traditional or
household members, co-workers and increasinglyclassical contact tracing approaches such as DNA

distinct contacts for TB infection and dise&se fingerprinting could be particularly useful to guide

Several studies have added molecular typing of thecontacf[ tracmg _strategles in low quence areas,
. . where its predictive value would be high.
isolates of contacts who were also TB cases, in order

to trace the source of infection. Molecular
epidemiological data overlaid with conventional novel insights into the transmission dynamics of

epidemiology data would help in knowing the .0 ¢ 10si¢. Such an approach has shown that a
transmission dynamlcs. In a high incidence area iy, q_susceptible strain ®. tuberculosigthe C or J
Barcelona, Spain (163 TB cases/100,000 population)girain) which was first identified as causing a large
there was 61.5 per cent concordance between thgythreak in 1990 in a homeless shéfteas become
DNA fingerprint results (1IS6110 RFLP and PGRS) widely prevalent in New York cif§. The availability
and conventional contact tracig In this study the  of standardized genotyping technique for
authors concluded that conventional contact trackingM. tuberculosisand the existence of extensive
was useful for identifying new TB cases, but it did collections of fingerprints made it possible to do a
not provide much information about the chains of molecular epidemiological assessment of
TB transmission and how to block or prevent that. tuberculosis transmission between different
geographic regioris Daleyet af? described 12 cases
In a five-year population-based study in the of TB that occurred in a housing facility in San
Netherlands, contact investigations of persons in fiveFrancisco, USA, among HIV infected people. The
of the largest clusters identified epidemiological links démonstration of transmission bf. tuberculosisin
between them based on time, place and risk factorg10S0comial settings*, congregate living facilities
However TB transmission also occurred onIythroughanOI among persons at high risk such as the

,57 | 5
short term, casual contact that was not easily detecte omeless a}nd those who are_HIV '”f?C‘.‘“‘d has
. . . — een especially important. Fingerprinting in the
in routine contact investigatiofts : .
context of geographic studies has shown the

acquisition ofM. tuberculosisof Tunisian or

Iq Iow-incidenie argasssuch as San I:r""nCiSCOEthiopian genotypes by Dutch persons who resided
(California, USAJ?, Zurichf® and Amsterdai, @ 5 Tynisia or Ethiopi# as well as spread of the

relatively small percentage (5-10%) of cases havingprganisms between Greenland and Denfark
identical RFLP patterns were actually identified as a

contact by the source case. This suggests thagxogenous infection vs endogenous reactivation
unsuspected transmission of TB occurs and is not

easily traced by conventional contact tracing  post-primary TB which occurs many years after a
investigation§'. In a contact tracing study done at primary infection, may develop as the result of
Thiruvallur near Chennai, India, only 10 per cent reactivation of the endogenous primary infection or
concordance was seen between conventionahs a result of a recent exogenous infection. In this
epidemiology and molecular epidemiology using era of effective treatment regimens, the notion that
IS6110 and DR prob&s Among the patients in the multiple episodes of TB in one patient are almost
clusters having identical fingerprints by 1S6110 and always caused by endogenous reactivation may be

DR, only 10 per cent could name the contact whichquestioned. It is now possible to characterize the
could be a source cdée genotype oM. tuberculosisoy DNA fingerprinting,

Molecular epidemiological studies have provided



NARAYANAN : MOLECULAR EPIDEMIOLOGY OF TB 239

which can show whether a new episode of the diseaspatient with a positive culture fdvl. tuberculosis
is caused by infection with the same strain that causeduring a one-month period, including both incident
a previous episode or by a different strain. Thus,and prevalent cases, and RFLP analyses were
molecular epidemiology using DNA fingerprinting performed. The DNA fingerprinting of all
can determine the proportion of cases due to receni. tuberculosisisolates from a 700-bed urban
infection and the proportion due to reactivation. hospital in Chicago, USA, revealed only one possible
instance of nosocomial transmission and five false-
RFLP studies conducted in Hong Kéhghowed  positiveM. tuberculosisultures out of 183 patierits
that the patterns of 88 per cent of the isolates fromlin another study, isolates collected prospectively
patients with relapses matched those for their pre-over 5 yr from a municipal health department
treatment counterparts indicating a high frequencylaboratory, underwent DNA fingerprinting using
of occurrence of infections caused by endogenoudS6110 and pTBN12 sequences, clinical and
reactivation ofM. tuberculosis A study conducted laboratory records of all isolates with matching DNA
at the Tuberculosis Research Centre (TRC), Chenndiingerprints and processed within 42 days of each
on pre- and post-treatment isolates by DR-RFLPother, were reviewed, and 4.0 per cent of the culture-
analysis indicated (69% of the isolates by DR probepositive patients were identified as probable or
and 50% by 1S61100) a high degree of endogenouslefinite false-positives. In a convenience sample of
reactivation among patients who have relapses afteisolates from three other mycobacterial laboratories,
successful completion of chemother&gy Small 12 per cent were found to be definite or probable
et alf®used 1S6110 typing to trace exogenous false-positive. The reasons for laboratory cross-
reinfection with multidrug-resistari. tuberculosis  contamination are careless specimen processing and
in patients with advanced HIV infection. Recently, contaminated reagefits A small, but non-negligible
molecular epidemiological study undertaken in aproportion of cases with laboratory cross-
rural area near Chennai, India as part of the modetontamination was detected in every institution that
DOTS (directly observed therapy short course)looked for it®” As a result, DNA fingerprinting is
programme using fingerprinting with two probes now used in some settings to routinely evaluate all
(1S6110 and DR) and cluster analysis revealed morespecimens for possible laboratory cross-
of endogenous reactivation than exogenouscontamination.
reinfection in the community. Similar observations
were made by the molecular biological study In general, laboratory cross-contamination should
conducted in New York City from 1989 to 1992 be considered if isolates were cultured within one
and in San Francisco, California during 1991 andweek of each other and had identical DNA

19928, fingerprints. Laboratory contamination should be
suspected wheM. tuberculosiss grown from smear-
Laboratory contamination negative specimens, from low-yield cultures, and

from patients who are otherwise asymptomatic. A
It is very important to determine whether a group Single positive culture in clinically well patients with

of culture positive isolates represents a true outbreakiegative acid fast bacilli (AFB) smears and no other
of TB or a pseudo outbreak based on false positiveevidence of TB may not always need therapy.
laboratory cultures oM. tuberculosis DNA Laboratory cross-contamination should also be
fingerprinting analysis is a very good tool to identify suspected when there is a sudden increase in culture
false positive laboratory cultures. Earlier positive isolates, without an epidemiological or
investigations focused on the isolates of clinical explanation. For example, adopting more
M. tuberculosisthat were processed together in rapid and sensitive methods may increase the
the laboratory and had identical 1IS6110 RFLP contamination rate. The isolates should be analyzed
patterns, but were from at least one otherwiseby reliable molecular typing techniques, and
asymptomatic patiefft®¢ In a study conducted in compared with specimens that were originally
New York City””, an isolate was collected from every processed during the same time period. Many
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investigators used 1S6110 RFLP typing, VNTR with recent infection are specific to a particular
typing’ or spoligotyping* to detect and evaluate community and others are common to TB patients in
laboratory cross-contamination. geographical areas. In San Francisco, among persons
< 60 yr of age, Hispanic ethnicity, birth in the United
Simultaneous infection by more than one strain  States and a diagnosis of AIDS were independently
of M. tuberculosisby RFLP associated with being in a clustérSpecific
interventions were directed at persons with one or
It has been understood from the recent reports thagnore of the independent risk factors, and
a single patient could be infected with more than one;qnsequently the proportion of TB cases that were
strain ofM. tuberculosisat any given time as more  .,stered decreased over titheln a recent study in
reports are confirming infections by multiple strains. New York city birth outside the United States, age
Phage typing method was used in the 1970s to detect ’

the presence of more than one strain (phage types) if 60 yr, and diagnosis after 1993 were independently

. I . : associated with reaction of latent tuberculosis
a single patierit’® Due to technical complexity of . fecti LTBI). while h | ated
the assay method, the results were not reliable. WitHn ection ( ), while homelessness was associate

the advent of newer methods of genotyping in earlywith.clustering or recent transmis§ion. TB among the
nineties, like 1S6110-based DNA fingerprinting foreign-born persons was more likely to result from

together with secondary typing methods, it is possibleth€ reactivation of LTBI among those who were not

M. tuberculosisisolated from clinical samples. that TB prevention and control strategies need to be
targeted to the large number of foreign born persons
Few reports have shown the simultaneousin New York city who have latent TB infection.
infection with two or more strains of. tuberculosis  However, HIV was not associated with clustering
by RFLP™. Yeh et aF® demonstrated the existence among TB patients in a university teaching hospital
of simultaneous infection with two strains of Rio de Janerio, BraZiand HIV was not a risk factor
M. tuberculosisusing 1S6110 DNA fingerprinting, for clustering among South African gold min¥rs
based on the relative intensities of the band patterns.
Infections from multiple strains d¥1. tuberculosis The Ilimited numbers of molecular
are sometimes mistaken to be due to laboratory crossspjgemiological studies conducted in India were
contamination. Itis important to identify “true” mixed |aporatory-based and comprised small numbers of
infections to gain insights into the patterns of patient§:62 The recent study from Tuberculosis

:\;la?sm;ssmnd of 'tr|1e .dlslease n hthehcommun,(';yaResearch Centtewas the first in India to combine
olecular epidemiological approaches nave provided,, oo« ;jar and conventional epidemiologic

novel |n3|g_hts. Ao_loptlon of more rigorous repo_rtmg techniques to investigate the mechanism and risk
standards in studies of the molecular epidemiology, o
factors of transmission. They reported several

of tuberculosis would improve the comparability of . i i
studies and help investigators to assess thecharacterlstlcs qf the molecular.epld_emlo-logy of TB
implications of their results in the rural settings at Chennai India using 1S6110
and DR probes which differ from previously reported
Risk factors and settings for recent transmission  1indings in other settings. Forty one per cent of
M. tuberculosisisolates harboured a single 1S6110
Molecular typing techniques in combination with COPY. Such a high proportion of single-copy isolates
conventional epidemiological methods, can be used'a@s not been reported elsewhere except south*tndia
to identify the risk factors associated with recent The proportion of clustering in this study ranged from
transmission. Cases defined as patients whos® to 38 per cent depending on whether single-copy
isolates have clustered RFLP patterns, and controlstrains were excluded or included in the analysis.
are defined as patients whose isolates have uniqu€lustering was higher in older patients contrary to
band patterns. The risk factors that are associatethe observation by many other investigatds
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Geographical distribution and dissemination of  Transmission of drug resistant strain
tuberculosis
There is no evidence of a lower risk of infection
There may be a link between geographic locationamong contacts exposed to TB patients with drug
and 1S6110 number. Some isolatedotuberculosis  resistant pulmonary TB. A population based study
contains no or very few copies of IS6110. One earlyin Mexico reported that MDR-TB were less likely to
study based on 1S typing claimed tNatuberculosis  be in clusters relative to persons with drug-
strains from regions in Central Africa, where susceptible TB”. Similar results were reported by
tuberculosis is highly endemic, are generally relatedstudies among South African gold min¥rand in
to each other than isolates from the Netherlandsthe Netherland4®. Except in localized areas with
where the transmission rate is slow and where theoor cure rates, and a high prevalence of HIV, it is
majority of TB cases are presumed to be the result ofinlikely that drug resistance strains spread fast. This
reactivation of LTBY. has been shown by mathematical modeling of the
relative transmission of drug resistant versus drug
Several of the strains identified in outbreaks havesensitive strairi4®. The studies showing reducing
been associated with large clusters that are widelybacterial transmissibility are predominantly for
dispersed both geographically and temporarily, strains resistant to isoniazid. Isoniazid is a key
suggesting they are either more transmissible or the\\omponent of the short-course regimen for treatment
are more likely to cause disease once transmitted thagf TB.  Studies with animal models showed that
are other strains. The most commonly cited andisonjazid resistant strains caused significantly less
reviewed example of the geographical disseminationgisease in guinea pigs than did drug susceptible
of a particular clone oM. tuberculosisis that of g qingi0-112 Specific mutations or deletions within
Beijing/W strain§'®?which is a multidrug-resistant ino katG gene of isoniazid resistant stains of

strain of M. tuberculosis responsible for causing 1 tyberculosishave been associated with decrease
many cases of TB and deaths attributable to TB; its pathogenecity®>114 The most commonly

among patients and health care workers in nosocomiag)CCurring KatG mutation were [serine 315 replaced
outbreaks and other institutional settings in New York by threonine (S 315T] is associated with clinically
city during the 19908, This strain was later found significant levels of isoniazid resistance

in other parts of USA. By the late 1990s theWStramMycobacterial genome sequence and molecular

was recog_nlzed as the member Of. Beul_r_]_g g(:"no.typ(:"epidemiology reveal the phenotypic and genotypic
family strains. A study performed in Beijing, China

T
reported that 85 per cent of the isolates were strains‘ﬂflssoc""mOnjé '

with more than 66 per cent similarity among their Th leted blished ¢
IS6110 RFLP patteris This “Beijing family” of € comp e_te » PUDIIShEd genome sequence o
strains was also detected in high proportions amongd"": tuberculosisprovides an enormous amount of

strains in other parts of Adfathe former Russian Information that will widen research in molecular
Federatiof*1%° and Estonia Latin Amerié#. Beijing epidemiology and mycobacteria genoriitsThere are

stains including the W strain and its variants, have@ Number of molecular typing techniques available
an insertion of IS 6110 in the dnaA-dnaN lotas  Which will enable individual stains or clonal groups to

Based on several early technical studies and a revieWe identified by specific phenotypic traits to study the

of 16 studies of the Beijing or W strains that gave 9eénetic basis of these important traits using gene
results on spoligotyping, the W family and Beijing €xpression profiling with microarrays. The strains are
family strains have as identical, characteristic being examined for specific differences in correlation

spoligotype based on DNA polymorphism in With bacterial pher.wo.t.ypes such as.tissue tropigm,
the direct repeat region that contains spacersvirulence, transmissibility, pathogenesis, antogenecity,
35-431.94103-106 The true proportion of TB cases resistance to antimicrobial agents and immunogenecity.
attributable to the Beijing family of strains and an The casual relationships can be established if we
association between the Beijing family of strains andunderstand the specific polymorphism, deletions or other
drug resistance is hard to assess. changes in the genotypes of the strains.
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Future research should focus on phenotypic?.
characteristics, gene expression and genotype-
phenotype correlations iM. tuberculosisstrains.
Molecular epidemiological methods will continue to
play an important role to identify appropriate public
health interventions and to measure their impact.8'
However, most of these studies are being conducted
only in industrialized countries and resource-rich
areas that have a relatively low incidence of TB.
Therefore, the inferences drawn and their applications
are limited. There is a strong need for additional o
studies in different geographical areas and
populations with a high burden of disease. There is
a need for a better understanding of the epidemiology
of tuberculosis; instead of using molecular
epidemiology only as a tool for molecular typing,
we need to find ways to enlist this tool to answer

guestions of major public health importance. 10.
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