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Genotipagem dé&lycobacterium tuberculosisolados de uma regido de baixa
endemicidade no sul do Brasil

RESUMO

A tuberculose (TB) é um importante problema de sagtigblica mundial, sendo a principal
causa de mortes devido a um agente infeccioso. j&tivab desse trabalho foi fornecer
informacédo sobre a diversidade genética Mgcobacterium tuberculosisisolados de
pacientes com TB pulmonar atendidos no LaboratdecEnsino e Pesquisa em Analises
Clinicas (LEPAC), utilizando as metodologi@poligotypinge MIRU-VNTR. Os resultados
foram relatados no artigo “Genotyping bfycobacterium tuberculosissolates from low
endemic setting in south of Brazil’. Com os pedis Spoligotypinge MIRU-VNTR dos
isolados deM. tuberculosisforam construidos dendrogramas para avaliar o deatelacdo
entre os isolados. A partir desta avaliacdo podeesdicar que a TB em nossa regiao
desenvolve-se predominantemente devido a reativegd@gena de uma infeccéo latente. Foi
realizada também uma comparacdo da capacidadendisiioria entre as metodologias
utilizadas Spoligotypinge MIRU-VNTR), obtendo-se melhor capacidade distratoria dos
isolados combinando as duas metodologias.

Palavras-chave: Tuberculose; Mycobacterium tuberculosis Epidemiologia Molecular;

Spoligotyping MIRU



Genotyping ofMycobacterium tuberculosisolates from low endemic setting in
south of Brazil

ABSTRACT
Tuberculosis (TB) is an important public healthipeom worldwide and the leading cause of
deaths by an infectious agent. The objective of 8tudy was provide information about
genetic diversity oMycobacterium tuberculosissolated from patients with pulmonary TB
attended at the Laboratério de Ensino e Pesquisdedtises Clinicas (LEPAC), using
Spoligotyping and MIRU-VNTR methodologies. The Héesuvere reported in the paper
“Genotyping ofMycobacterium tuberculosisolates from low endemic setting in south of
Brazil”. From the Spoligotyping and MIRU-VNTR pattes of M. tuberculosisisolates
dendrograms were constructed to evaluate the oeldtip of the isolates. The results show
that TB in our region predominantly develops fromdegenous reactivation of a latent
infection. It was also carried out a comparison décriminatory power between the
methodologies used (Spoligotyping and MIRU-VNTRRtaining better discriminatory
capacity of the isolates combining the two methods.
Keywords: Tuberculosis; Mycobacterium tuberculosis Molecular Epidemiology;

Spoligotyping; MIRU
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CAPITULO |

FUNDAMENTACAO TEORICA

O géneroMycobacteriumé o uUnico representante da famiMycobacteriaceaee
pertence a sub-orde@orynebacteraceace ordem AtinomycetalesBactérias desse género
possuem algumas caracteristicas taxondmicas comoms, alcool-acido resisténcia quando
exposto a coloracdo tintorial Ziehl-Neelsen e DNgncalto teor em guanina e citosia
Atualmente, ja foram identificadas mais de 120 esgédesse género, e poucas foram
reportadas como patogénicas em humanos e/ou affimais

A tuberculose (TB) ou Peste Branca € uma doengtivcontagiosa causada por
bacilos pertencentes ao compladgcobacterium tuberculosiéTC). O complexo engloba
micobactérias que apresentam genoma extremamemitarsi proximo a 10099 e é
composto peldvycobacterium tuberculosi® principal agente da TB em humanigls;bovis
M. bovis Bacille Calmette-Guérin (BCG), cepa atenuada uaiilz na vacinacadoM.
africanum M. microti; M. canettit”; M. capraé®; e M. pinnipedii®.

A TB acomete principalmente pessoas na faixa etéoaespondente a plena
capacidade produtiva, afetando os setores de ragia tenda da populagéo, vindo a acarretar
enorme prejuizo econdmico ao Piis

Estima-se que um terco da populacdo mundial estégatada com o bacildv.
tuberculosis Essa infeccdo pulmonar ocorre pela inalacdo dieudas contendo os bacilos
expelidos por um individuo com TB na forma afivaNa minoria dos individuos infectados
(5-10%) ocorre o desenvolvimento da doenca den&ra2¢b anos apds a infeccdo (TB
priméria). No restante dos individuos (90-95%)aes$eccado permanece em estado latente

(TB latente), onde o bacilo persiste no individwoastado dormente. Entretanto, estima-se
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que ocorra reativacdo do bacilo em 10% dos indoddtom TB latente, ocasionando a TB
secundaria, devido a uma falha da vigilancia dersia imung?.

Tosse e expectoracdo persistente por mais deen@snas Sao 0s principais sintomas
da TB na forma ativa. Outras manifestacbes podempsela de peso, febre, sudorese
noturna, cansaco fisico e dores toraéitas

A epidemia da infeccéo pelo virus HIV tem mudaddicamente a epidemiologia da
TB, uma vez que HIV e TB estdo intimamente assosiadEnquanto HIV promove a
progressao da TB latente para doenca ativa, a UBa&das principais infeccbes que matam
pessoas com HIVY. Nos pacientes com HIV/AIDS o inicio rapido daagia anti-retroviral
em individuos com TB latente poderia diminuir ddéacia de TB nesses individ{{gs

O diagnostico da TB deve basear-se, além da a#@aliafinica, na bacteriologia,
radiologia, prova tuberculinica e histopatologitili@ado principalmente na investigacao de
formas extrapulmonarés.

A pesquisa bacteriolégica € um método de imporéarichdamental, tanto para
diagndstico como para controle de tratamento alé&zagla pela pesquisa direta (baciloscopia)
e cultura de Bacilos Alcool-Acido Resistente (BAARDr ser de execucéo rapida, facil e de
baixo custo, a baciloscopia favorece uma ampla ramae diagnéstica, identificando a
principal fonte de infeccao (doentes baciliferédsiultura é indicada para os suspeitos de TB
pulmonar persistentemente negativo ao exame dingdava o diagnostico de formas
extrapulmonares e nos casos de suspeita de resasbatteriana as drogas, seguida do teste
de sensibilidade. O exame radioldgico é auxiliadiagnostico da TB, permitindo a selecéo
de portadores de imagens sugestivas de TB e dasopétologias. A prova tuberculinica
(PPD) é outro teste auxiliar no diagnostico, ncaett uma prova positiva, isoladamente,

indica apenas infeccéo por BAAR e ndo é suficipata o diagnéstico da TB doefich
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TB € uma doenca curavel, desde que obedecidos iosipins da moderna
quimioterapia. O tratamento de casos novos tanta @a forma pulmonar quanto
extrapulmonar adotado atualmente no Brasil é cotogmslos antibidticos Rifampicina (R),
Isoniazida (H) e Pirazinamida (Z) com duracao de iseses, sendo os dois primeiros meses
com R, H e Z e os outros quatro, com R&H

Como conseqiiéncia da falha na infraestrutura ddesaiblica cepas multidroga-
resistente (MDR-TB) e extensivamente droga-resist¢iDR-TB) emergiram. De acordo
com normas internacionais cepas MDR-TB possuenstéesia a pelo menos duas das
principais drogas anti-tuberculosas, H e R e reqtratamento prolongado com
quimioterapicos caros de segunda linha que sdoasXi. E cepas XDR-TB possuem além
da resisténcia a H e R, resisténcia a um farmgetauel de segunda linha (capreomicina,
canamicina ou amicacina) e a uma fluoroquindfgha

Uma das formas de prevenir a TB € a vacinacdo cddC@ (Bacille Calmette-
Guérin), derivada da cepa atenuaddveobacterium bovisA vacina BCG exerce notavel
efeito protetor contra as manifestagbes gravesf@gagdo primaria, como as disseminacgdes
hematogénicas e a meningoencefalite, mas ndoaeinfaccao peld. tuberculosi¢?.

O Brasil ocupa o0 16° lugar entre os 22 paises nsspeis por 80% do total de casos
de TB no mundo. Estima-se que, em 2006, ocorreeoaale 94.000 casos novos, resultando
numa incidéncia de 50/100.000 habitantes e 7.600@HH. No estado do Parana, sul do
Brasil, a taxa média de incidéncia da TB € maigabgue a média nacional ficando na casa de
27,52/100.000 habitanfés,

Atualmente, ferramentas moleculares s&o utilizadasestudo da dinamica de
transmissdo de doencas infecciosas. Sao varigslieacles dessas técnicas moleculares no
estudo da epidemiologia da TB, como discriminag&ceel B recorrente devido a reinfeccao

exdgena ou reativacdo, determinacdo da expansdpéafiea de cepas, monitoramento da
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transmissao de cepas resistentes aos farmacasbantitlose, determinacéo da frequéncia de
resisténcia a farmacos em diferentes grupos, daiede infeccdes mistas nos pacientes,
avaliacdo dos programas de controle, identificagho transmissdo cepa-especifica,
identificacdo de tipos de cepas predominantes (aip@al) em estudos populacionais,
identificacdo de cepas hipervirulentas em populc@evestigacbes da evolucdo db
tuberculosi§®, avaliacéo de contaminacao laboratorial cru28dantre outros.

O conhecimento sobre a dinamica da transmissadda&m sido melhorado desde a
introducéo de técnicas de DNkgerprinting de M. tuberculosisna década de 90, quando
uma variedade de marcadores genéticos foram itbekifs?.

IS6110 € um elemento de insercdo especifico presentenonta do MTC, embora
possa estar ausente em alguns membros desse cofithlelsualmentéMl. tuberculosistém
de 8-18 copias de 631Q porém este nimero pode variar de F25Em 1993,1S6110
Restrition Fragment Lenght PolymorphigiRFLP) foi adotado como método padréo ouro
para tipagem de isolados e tuberculosi$®. Este método se baseia na digestdo da fita de
DNA micobacteriano pela enzima de restrigdaul, que gera fragmentos de diferentes
comprimentos de pares de base. Os fragmentos & sparados em gel de agarose e, apds
Southern Blottinghibridizados por sonda de DNA direcionados paie6d.10°%.

Entretanto, apesar de ser 100% reprodutivel, ter gtau de discriminacdo e
especificidadé”, o métodolS6110-RFLP é trabalhoso, requer semanas para culnsa
isolados para obter altas concentracdes de DNAe spfoblemas de interpretacdo e
portabilidade do complexo padrdao de bandas e téxo pader discriminatério entre isolados

com baixo niimero de cépias (<6) d6130%>.

Spoligotyping(Spacer Oligotypingé o segundo método de tipagem molecular mais
utilizado em estudos epidemiolégicos da TB ap&d18RFLP?Y. Este método se baseia na

andlise da presenca ou auséncia de 43 espacadolesus DR (direct repeaty um locus
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altamente polimérfico no genoma do bacilo perteteem MTCE?®. O locus DR contém
multiplas e conservadas repeticOes diretas de taonade 36pb e intercaladas com sequéncias
espacadoras ndo repetitivas de 35-41pb de compdffféninicialmente uma amplificacéo
pela Polymerase Chain ReactioffCR) dolocus DR é realizada e ap0s, os produtos séo
hibridizados com 43 oligunucleotideos complemestaae regides espacadoras variaveis
localizadas entre as DRs que est&o imobilizadosrammmembrana de Nylon (Biodyne®)
Spoligotypingg um método simples e rapido, porém com poderidis@tério menor do que

0 do I110RFLP, quando isolados com alto nimero de copidS@tEL0sdo analisados. No
entanto, seu poder discriminatério € maior paraaiacido de cepas com baixo numero de

copias da 16110%.

Spoligotypingtem a vantagem dos resultados poderem ser desgrdo método
padronizado na forma de cédigos, o que facilitaraparacado entre diferentes laboratdifds
e de ser encontrado um banco de dados internadien&poligotyping o SpolDB4, que
atualmente contém 1939 perfis @poligotypescompartilhados Shared Types- STS)
representando um total de 39.609 isolados de 12lsepa Wwww.pasteur-

quadeloupe.fr:8081/SITVITDemp/

Outro método utilizado em estudos epidemiol6gica@d d € o MIRU -Mycobacterial
Interspersed_&petitive _Lhits. Neste método sdo analisadas sequéncias homdlegds$-
100pb de DNA que se repetem sequencialmdatelém repeats¢ que estdo dispersas em
regides intergénicas no genoma Me tuberculosis Foram identificados 4loci contendo
MIRU, dos quais 12 demonstraram-se polimorficosnamero de cépias dessas unidades
repetitivas sendo, portanto qualificadas conavidble Number of indem Rpeats- VNTR.
MIRU-VNTR é um método baseado na realizagdo da BtliRandoprimersespecificos para
cada locus seguido de eletroforese em gel de agarose par&serdos tamanhos dos

fragmentos de DNA amplificados. Os tamanhos dwosplicons sdo estimados pela
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comparacao com pesos moleculares padrdes parandeteéio do niumero dandem repeats
presentes em cadacus®®.

A utilizacdo desses 1Bbci MIRU-VNTR associada ao spoligotyping apresentou
discriminacdo similar ao RFLP-6%10 na maioria dos isolados analisados por Cowan e
colaboradores (2005), mas ainda sendo necessatdizacdo do RFLP para os isolados
agrupados quando for necessaria discriminacaoondic?’.

Recentemente foi definido um grupo del@d MIRU-VNTR, incluindo um subgrupo
de 15loci altamente discriminatorio para ser utilizado cdemwamenta de primeira linha na
tipagem molecular de isolados Me tuberculosi$®. Estudos com esses 15 oul@4 MIRU-
VNTR apresentaram poder discriminatorio comparaassdo I8110RFLP, principalmente

quando combinado coSpoligotypin§*®.
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JUSTIFICATIVA

Sistemas que diferenciam isolados dé. tuberculosis epidemiologicamente
relacionados, de outros néo relacionados, sédonfentas poderosas numa investigacdo de
surtos de infeccdo hospitalar, ou comunitaria, bemo para diferenciar reativacdo enddégena
de uma re-infeccdo exdgena no caso da tuberculdseitilizacdo de metodologias
moleculares de facil execucdo, custo acessivelireipalmente baseadas na PCR tem
apresentado considerados avangos nas genotipagepeiquitem a diferenciacdo de isolados
de M. tuberculosispermitindo a determinacdo do grau de relacdo ergses isolados de
diferentes pacientes participantes no presented@stiste trabalho se fez necessario
considerando que existem poucos estudos sobre iabilidade genética das linhagens
circulantes deM. tuberculosisno Brasil e na 15° Regional de Saude de Maringiéde do
Parana este € o primeiro estudo em que temos GOTETEO.

As informacdes obtidas em formato binario servpéa construir um banco de dados
dos isolados obtidos e comparar, os perfis pretedeam nossa regido com os perfis de

Spoligotypinge MIRU-VNTR em outras regides do Brasil e outrasps.
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OBJETIVOS

GERAL
Caracterizar molecularmente amostrasMietuberculosisisoladas de pacientes com
tuberculose pulmonar atendidos no Laboratério deirene Pesquisa em Analises Clinicas

(LEPAC) que é laboratorio de referéncia da 152 ®&ide Saude de Maringa, Parana

ESPECIFICOS

Analisar e interpretar os perfis obtidos utilizaratécnica$poligotypinge MIRU-
VNTR com os isolados dd. tuberculosis

Avaliar o grau de relacéo entre os isoladogvidguberculosisobtidos de pacientes
com tuberculose.

Comparar os perfis dep8ligotypinge MIRU-VNTR encontrados com os perfis do
isolados de outras regibes e em outros paises.

Comparar a capacidade discriminatéria das técispatigotypinge MIRU-VNTR.

Verificar a principal forma de ocorréncia da tulhdose em nossa regido, por

transmissao recente ou por reativacdo endégenadeuberculose latente.
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GENOTYPING OF Mycobacterium tuberculosi$SOLATES FROM LOW ENDEMIC

SETTING IN SOUTH OF BRAZIL

Erika Noda Nogufj C. Q. Fujimura Leit® A. C. Malaspin} A. C. B. Santds R. D. C.
Hiratef, M. H. Hiratd, R. Fressatti Cardo%o

Abstract

Objective: To provide information about the genetic diversityd prevalent genotype of
Mycobacterium tuberculosisand compare the usefulness of two methodologies in
epidemiological study of tuberculosis in low endemsetting in the south of Brazil.

Methods: We employed spoligotyping and MIRU-VNTR technique genotype M.
tuberculosissolates from patients with pulmonary tuberculosis

ResultsThe 93 isolates analyzed by spoligotyping weredéid into 36 different patterns and
30 were described in the SITVIT database. Latin Aca@ and Mediterranean, Haarlem and
T family were responsible for 26.9%, 17.2% and %,.8f tuberculosis cases respectively.
From the 84 isolates analyzed by MIRU-VNTR, 58 sedwnique pattern and 26 belonged
to 9 clusters. The MIRU loci 40, 23, 10 and 16 wire most discriminatory. MIRU-VNTR
and spoligotyping combined showed 85.7% of discratory power (Hunter-Gaston Index,
HGI=0.995).

Conclusion: Spoligotyping and MIRU-VNTR typing combined are efid tools for
epidemiological study in this low endemic settimgthe south of Brazil and tuberculosis
probably predominantly develops through reactivatblatent infection.

Keywords: Mycobacterium tuberculosis Tuberculosis; Molecular Epidemiology;
Spoligotyping; MIRU
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Introduction

Tuberculosis (TB) is an important public healthlgemm worldwide, with an estimated 9.27
million new cases in 2007, and the leading causgeaths by an infectious agent. In Brazil,
the estimated incidence rate is 48/100 000 inhafsitaBrazil has five distinct geographic
regions, among which the distribution of TB casases greatly. In Parana State, south of
Brazil, the average rate of tuberculosis is 27.6@/@00 inhabitant$Maringa and the small
cities surrounding it form a low endemic area of inBParana State with an incidence rate of
22.62/100 000 in 2007 (personal communication).

Genotyping methods have been extensively applied Bnepidemiological study
worldwide®*®° Those studies are based on the assumption thian{satvith genotypically
clustered strains are epidemiologically linkedrelpresents recent transmissions, while those
infected with different types of strains are noten@tic markers should be sufficiently
polymorphic to distinguish unrelated strains arabk enough to identify isolates of the same
strains. Therefore, the typing methods must beodkprible, discriminatory and easy to
perform.

Some PCR-based techniques are being now used feredifiate Mycobacterium
tuberculosisisolates. Nowadays, genotyping approaches taggetie variable number of
tandem repeats (VNTR) analysis based on mycobatteterspersed repetitive units (MIRU)
is the most promising. This technique is basedhenvariability found at 12 specific loci
interspersed throughout the mycobacterial gendRecently a 15 or 24 loci MIRU-VNTR
genotyping®® have been evaluated and applied for moleculareeginlogical typing in
mycobacteria.

Spoligotyping is the second most widely used methafter 15110 based
fingerprinting® and it is based on the presence or absence dfaf sgget sequences in the

direct repeat (DR) locus M. tuberculosicomplex genomé:



24

Spoligotyping combined with MIRU have been used réplace the restriction
fragment length polymorphism (RFLP) typing basedtloa insertion sequenced@8lQ the
“gold standard” for genotypindy/l. tuberculosissince 1993, an expensive, laborious and
lengthy methodology that requires weekshf tuberculosisculturing, specific software to
analyze the RFLP band-patterns making it diffic¢alinterpret and exchange data. In addition
to that, this method is limited for genotypiMy tuberculosissolates containing low number
of 1IS6110copies.

The aim of our study was to provide initial infortiea about the genetic diversity and
prevalent genotype . tuberculosissolates in a low endemic setting in the soutBi&zil
based on spoligotyping and MIRU-VNTR typing and dompare the usefulness of these

methodologies in epidemiological study of TB inttheea.

Materials and methods

Study isolates

A total of 93M. tuberculosisisolates analyzed in this study were obtained fthenculture
collections of the Clinical Bacteriology Laboratpfyepartment of Clinical Analysis of State
University of Maringa, Parana State, south of Brazireference TB laboratory that attends
patients from Maringa and other cities in the nodbkt of Parana State, Brazil. The culture
collection was obtained from a sample bank contginsolates originally cultured from
November 2005 to June 2008. The isolates were regltin Difcd™ Lowenstein Medium
Base (Becton, Dickinson and Company, Sparks, MDA)$d identified a$/. tuberculosis
by the conventional biochemical te$tand molecular biology? The following retrospective
demographic and epidemiological data were colletwedll patients by review of a national

TB notification database (SINAN — National Diseabkdification System): city and zip code
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of residence at the time of diagnosis, age, sdwiaty, HIV status, sample susceptibility

profile, alcoholism and the occurrence of otheedses.

DNA extraction

DNA from M. tuberculosiswas extracted from a subculture on Difébowenstein Medium
Base, as described by Gonzalez-y-Merchand &t with minor modifications. Briefly, a
loopful of bacterial growth was suspended in 6Mrgdme hydrochloride (Sigma Chemical
Co., St. Louis, Mo, USA) and bacilli were lysedfogezing at -20°C for 30 min and followed
by heating at 65°C for 10 min. This procedure vegeeated twice. DNA was further extracted
by 2 volumes of phenol-chloroform-isoamyl alcoh#2b4:1, v/v), followed by two steps of
extractions with chloroform-isoamyl alcohol (24:t/v). DNA was purified by ethanol
precipitation, dissolved in 50l of Tris-EDTA, pH 8.0 (TE buffer) and stored atG°Z until

the use. DNA concentration was determined by ulbfat/spectrophotometry.

Spoligotyping

Spoligotyping was performed in all the 98. tuberculosisisolates to detect presence or
absence of 43 spacers by using the standard m&tBoigfly, DR region was amplified using
1 ul of mycobacterial DNA in 24 ul of a reaction miréucontaining 0.4 uM of each primers
DRa 5-GGTTTTGGGTCTGACGAC-3' (biotinylated 5 end)and DRb 5'-
CCGAGAGGGGACGGAAAC-3, (Integrated DNA Technologjdac. Coralville, USA) and
PCR Master Mix (Promega Corporatiovadison, Wisconsin, USA) according to
manufacture’s instructions. The amplification ok tbDNA was carried out in a TC-512
thermal cycler (Techne, UK). PCR products were tiybed with a set of 43 spacer
oligonucleotides covalently linked to the spoligembrane (Isogen Life Sciences, The

Netherlands), according to the manufacturer’s utstons. Bounded fragments were detected
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by chemiluminescence after being incubated withepstvidin-peroxidase conjugate
(Boehringer, Ingelheim, Germany) and assessed bgnaanced chemiluminescence system
(ECL; GE Healthcare UK Limited, Buckinghamshire, WJKSpoligotypes were reported by
using an octal code where the 43-digit binary repnéing the 43 spacers (“1” is hybridization
and “0” is no hybridization) was divided into 14sef three digits (spacers 1 to 42) plus one
additional digit (spacer 43). Each three digitsveas converted to octal code (000 = 0, 001 =
1,010 =2,011 =3, 100 =4, 101 =5, 110 = 6 ahdl = 7) with the final digit remaining

either 1 or 0 yielding a 15-digit octal designattfn

MIRU-VNTR typing

MIRU-VNTR typing was performed only in 84 out of 99. tuberculosisisolates at
Laboratory of Mycobacteria Dr. Hugo David in theh8ol of Pharmaceutical Science, Sao
Paulo State University, Araraquara, Sao Paulo, iBréze isolates were genotyped by PCR
amplification of the original 12 MIRU-VNTR loci (2, 10, 16, 20, 23, 24, 26, 27, 31, 39, and
40) as described by Supply et®aand Mazars et af.in a PTC-100 thermal cycler (MJ
ResearchRamsey, Minnesota, USAEach locus was amplified individually with @ of
mycobacterial DNA in 23 pl of a reaction mixturentaining 0.4 UM of loci respective
primers and PCR Master Mix (Promega Corporationdistan, Wisconsin, USA) according
to manufacture’s instructions. The PCR conditioos dach set of primers were described
elsewheré® The PCR amplicon was subjected to electrophoiies&0% w/v agarose gel
(Invitrogen Life Technologies, Sao Paulo, Brazillhe 50 and 100-bp DNA Ladders
(Invitrogen Life Technologies, Sdo Paulo, BraziBrer used as molecular markers. The gels
were stained with ethidium bromide and visualizesder ultraviolet light and
photodocumented with Alpha-imager 2200 (Alpha leebt CorporationSan Leandro, CA,

USA). The size of PCR fragment was determined by visoaiparison with the molecular
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markers and the MIRU allele scoring was determimezbrding to Mazars et #l.and Supply

et al'® The results from each of the 12 loci were combitvecteate 12-digit allelic profiles.

Interpretation of genotyping results
The found spoligotypes were compared to internatidatabase SITVIT, which is an updated
version of the published SpolDB4.0 datab@send it is available atwww.pasteur-

guadeloupe.fr:8081/SITVITDemo/BioNumerics software (version 4.45; Applied Maths

Sint-Martens-Latem, Belgium) was used for analysisspoligotyping and MIRU-VNTR
patterns. Dendrograms were constructed for spoigog, MIRU-VNTR and these
methodologies combined. The genetic distance wis draploying the UPGMA algorithm
(Unweighted Pair Group Method with Arithmetic Me&h) The evaluation of the
discriminative power of each typing method sepdyates well as in combination was
undertaken by using the Hunter-Gaston index (H&Which is based on the probability that
two unrelated strains sampled from the populatest will be placed into different typing
groups. Allelic diversity of each locus MIRU-VNTRaw classified as “highly discriminant”
(HGI > 0.6), “moderately discriminant” (08 HGI < 0.6) and “poorly discriminant” (HGI <

0.3)%

Results

The study population came from 8 cities (Maringd ather 7 small neighboring cities) and it
was consisted of 78 males (83.9%) and 15 femal@4%d). The age of the patients ranged
from 14 to 83 years old (mean age was 40.0 yegifty.two (55.9%) patients were white, 6
(6.4%) black, 22 (23.7%) mixed and 13 (14.0%) wen&nown. The results of the HIV
testing were available for 43 (46.2%) patients. Agdhese, 4 (9.3%) were tested positive.

The use of alcohol was known in 58 patients, wig3€39.7%) patients reported to use it.
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The presence of other diseases such as diabetesaridl illness was known in 55 patients,
where 3 (5.5%) patients reported to have diabetds2a(3.6%) mental illness. The tests for
drug resistance were performed in 69 (74.2%) isslaResistance was detected in 3 clinical

isolates (4.3%), one was resistant to rifampicid 2mwvere multidrug-resistant (MDR-TB).

Spoligotyping
Thirty six different spoligotyping patterns wereselved in the 93/. tuberculosisisolates.
Spoligopatterns of 83 isolates (89.2%) were classificcording to SITVIT database, which
65 isolates were clustered into 12 Shared IntesnatiTypes (ST), comprising from 3 to 13
isolates each cluster and the remaining 18 isoltewed unique ST. The main STs found in
the present study were ST46 (n=13, 15.7%), ST2@2SAnd ST47 with 6 isolates (7.2%)
each one.

Ten isolates (10.8%) have not been identified | $ITVIT database yet, being 4
orphans (40.0%) and the remaining included in 2 8w that comprised 2 and 4 isolates
each cluster (60.0%). These 6 new spoligotypes aleeady submitted for SITVIT database

(www.pasteur-quadeloupe.fr:8081/SITVITDemo/

Based on the spoligotypes, distinct families wetentified: Haarlem (H), Latin
American and Mediterranean (LAM), Undesignated (QJ, family (modern TB strains),
East-African Indian (EAI) and S lineage (Figure arable 1).

Of the 83 M. tuberculosisisolates identified in the SITVIT database, 72 had
classification into families and sublineages actwydo SpolDB4. The frequencies of these
72 isolates ranked in LAM, U, H and T families with (34.7%), 17 (23.6%), 16 (22.2%) and
11 (15.3%) isolates respectively. The minor famsilaserved in our study were EAI (n=1,

1.4%), S lineage (n=1, 1.4%) and H1-S (n=1, 1.4%).



29

ElevenM. tuberculosisisolates did not have classification into familescording to
SpolDB4 but they had an attributed ST number adogrdo SITVIT database (ST2508,

ST2512, ST2525, ST2563 and ST2654).

MIRU-VNTR typing

MIRU-VNTR typing was conducted in 84 clinical istda and a total of 67 distinct MIRU
patterns were obtained. Fifty-eight (69.0%) isdateere orphans and the remaining 26
(31.0%) were included in 9 clusters comprising B ieolates each one (Figure).

Allele polymorphism analysis of twelve MIRU locivealed that MIRU locus 40
was the most discriminatory locus with 8 alleledloived by MIRU loci 23, 10 and 16. In the
MIRU locus 40 the presence of 3 alleles was thetrfreguent followed by a single copy.
MIRU 20, 26 and 31 loci were moderately discriminadther loci were less polymorphic
with 2 alleles in MIRU loci 4, 20 and 39 and onhallele in MIRU locus 24, where a single

copy was present in all 84. tuberculosigsolates analyzed (Table 2).

Combining spoligotyping and MIRU-VNTR typing

Within the 84M. tuberculosisisolates analyzed by spoligotyping and MIRU-VNT¥Ihg,

72 (85.7%) distinct genotypes were obtained, hawnglusters with 100% similarity.
Considering the similarity indices of at least 698 observed 3 distinct clonal groups,
representing 92.9% of the isolates analyzed (F)gure

The data summarizing the discriminative power ahetyping and combined methods by the

Hunter-Gaston index are shown in Table 3.
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Discussion

Molecular methods have been used for epidemiolbgtadies of tuberculosis in some
developed countries. However, this kind of studgdarce in developing countries. In Brazil,
there are few studies of this natdré?>?*?’The comprehension about TB pathogenesis,
including differentiation between reactivation @itdnt infection and recent mycobacterial
infection is important in developing preventionaségies.

To explore the TB molecular epidemiology in thethatest region of Parana State, we
chose to work with two effective and fast methodas: spoligotyping and MIRU-VNTR
typing. The clustering formation indicates exogendanfection and unique patterns of
polymorphism are associated with reactivation d¢éra infection, indicating that primary
infection occurred at different time and place differentM. tuberculosisstrains?

A large diversity on circulation strains was obsehn our study withM. tuberculosis
isolates from low endemic TB setting in Brazil. Theethodologies allowed 85.7%
differentiation of theM. tuberculosisisolates analyzed, suggesting that TB in Maringd a
other cities located in the northwest of ParanateStaredominantly develops through
reactivation of the latent infection. In agreemeviglaghini et af found a similar result in a
recent study in Curitiba city, capital of Paranat&t with 93.5% differentiation oM.
tuberculosisisolates using Mixed-linker PCR DNA fingerprintingafrune et at® analyzing
M. tuberculosissolates of three regions of Rio Grande do SuleStouth of Brazil, observed
66.0% clonal differentiation using6310-RFLP and spoligotyping. Borsuk et &l analyzing
isolates of two cities of Rio Grande do Sul Staté36110RFLP and spoligotyping observed
high clonal diversity oM. tuberculosissolates.

The distribution of 93 isolates analyzed by spdligong in our study showed 36
distinct patterns, which 6 (10.8% of isolates) haee been described in SITVIT yet. These

new STs were submitted to this database by our @& \group. The LAM, H and T were the
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largest families observed in our study and they thee three genotypic families most
frequently found in Africa, Central America, Europed South of Americ#.

Malaspina et al’ analyzingM. tuberculosisisolates from Araraquara, S&o Paulo
State, southeast of Brazil, a state that borderan@aand Borsuk et &f. from Rio Grande do
Sul State, south of Brazil, reported the prevalesfc8T53 (T1 sublineage). In our study, this
ST was representative in only 5.4% (5/93) of tlodaites and the ST46 (Undesignated — likely
H lineage) was the prevalent, with approximately0%4 (13/93) of the isolates.

One isolate belonged to EAI lineage (ST48, EAI1_S0Which is more prevalent in
South-East Asia, was detected in our study anchather study in the north of Brazil. The
ST1892 (Undesignated lineage) and ST2512, chaiaetein our study, have exclusive
geographic distribution in Brazil. ST61 (LAM10_CABublineage), ST563 (Undesignated
lineage) and ST2654 identified in our study had e#n described in our country yet. The
other STs that have already been described in SiTddtabase were identified in other
studies in Brazil, but in our State it was thetftrsie, probably because of the scarce study in

our region Wwww.pasteur-guadeloupe.fr:8081/SITVITDemo/

When MIRU-VNTR was applied to the study Bf. tuberculosisisolates, the most
allelic diversities were observed in MIRU loci 4@3, 10 and 16 and moderate
polymorphisms were found in MIRU loci 26, 20 and &bvalev et af® observed the most
allelic diversities in MIRU loci 26, 31 and 10 M. tuberculosisisolated in Ural region,
Russian Federation. Sharma et wlorking with only six MIRU loci (MIRU 4, 10, 16,8 39
and 40) observed the most discriminatory loci wererder of diversity, 26, 10, 16 and 40 in
isolates from Kanpur, India.

The MIRU locus 24 was present as a single copylis@ates analyzed in our study

which came in agreement with Kovalev efalDn the other hand, these authors refer to
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MIRU locus 23 as having the second lowest discratary power which differs from our
results that were the MIRU locus 39.

MIRU-VNTR really reduced the number of epidemiokmli links among isolates
studied, that were overestimated by spoligotypithgs demonstrating a better differentiation
capacity ofM. tuberculosiglinical isolates in our study. We believe that ttse of newly 15
or 24-locus MIRU-VNTR®? could increase the discriminatory power of thighod.

Despite of the high discriminatory power of MIRU-VYR typing observed in our
study, there were isolates clustered by this metlhmdome cases, clustered isolates were
discriminated by spoligotyping, demonstrating tleech of the use of these two methodologies
combined to provide a higher discriminatory powar épidemiological study. According to
Cowan et af’ the combination of these two methodologies, thesteting rate is similar to
that of ISS110RFLP fingerprinting.

The results obtained with spoligotyping in our studuggest a possible
epidemiological link between two patients, who werisoners in the same prison during the
same period of time, and presented the same malegattern (ST46). However, when these
isolates were analyzed by MIRU-VNTR we observed theaM. tuberculosigsolates showed
different patterns. In otheM. tuberculosis isolates that were clustered (combining
Spoligotyping and MIRU-VNTR typing), no correlatiomith retrospective epidemiological
data was observed.

In summary, the present study offers the firstghsabout the genetic diversity bf.
tuberculosisisolates from patients with TB in cities from nawbst region in Parana State.
The data indicate that TB predominantly developsfreactivation of a latent infection. The
combination of spoligotyping and MIRU-VNTR typinfpeved 85.7% clonal differentiation
of the M. tuberculosigsolates analyzed in our study, showing to be lgigiscriminatory by

Hunter Gaston index. Our results encourage additigtudies in this setting in a well
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designed prospective epidemiological study to ledized for evaluation of the National
tuberculosis Control Plan.
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Table 1 Spoligotypes of the ™. tuberculosisisolates that MIRU-VNTR typing were not

performed.

Identification Octal Format sT? Lineage/
n° sublineage
85 7 7 7 77777776 0771 53 T1
86 7 7 4 33 7 6 06 56 0 7 7 1 SND5 -
87 7 77 7 7 7 7 7 00 0O0O0O0O 46 U (likely H)
88 7 7 7 777777720771 50 H3
89 7 7 7 75 7 7 7 7 7 6 0 4 7 1 SND6 -
90 7 7 75 7 7 6 00 0O0O0O0 O0 0 2508
91 7 7 7 77 7 777413731 48 EAI1-SOM
92 5 7 7 7 7 7 6 07 56 0 7 7 1 SND4 -
93 7 7 7 7 7 7 6 0756 07 71 64 LAM6

& ST: Shared International Type number according /8 database.

SND: Spoligotype not described.
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Table 2 Allelic polymorphism of 12 MIRU-VNTR loci from th84 M. tuberculosigsolates

from patients with TB in Maringa and region in tn@rthwest of Parana State, Brazil.

MIRU no. Allele no. HGI?  Conclusion
0 1 2 3 4 5 6 7 8

MIRU 2 1 10 72 1 0.254 Poorly discriminant
MIRU 4 82 2 0.047 Poorly discriminant
MIRU 10 6 14 40 23 1 0.673 Highly discriminant
MIRU 16 1 9 9 45 20 0.641 Highly discriminant
MIRU 20 21 63 0.380 Moderately discriminant
MIRU 23 1 16 29 35 3 0.678 Highly discriminant
MIRU 24 84 0.000 Poorly discriminant
MIRU 26 2 16 61 4 1 0.439 Moderately discriminant
MIRU 27 4 6 74 0.219 Poorly discriminant
MIRU 31 4 12 68 0.326 Moderately discriminant
MIRU 39 1 83 0.024 Poorly discriminant
MIRU 40 26 5 34 8 2 4 3 2 0.732 Highly discriminant

2 HGI: Hunter-Gaston index.
The allelic diversity of the loci was classifiedlaghly discriminant (HGI > 0.6), moderately
discriminant (0.3< HGI < 0.6) and poorly discriminant (HGI < 0.3), accoglio Sola et al.

(2003).
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Table 3 Discriminatory power of spoligotyping and MIRU-VIRT typing, alone and in

association.
Methodologies No. of distinct No. of clusters No. .Of clustered HGI®
patterns isolates
Spoligotyping 33 13 64 0.954
MIRU 67 9 26 0.991
Spoligotyping + MIRU 72 8 20 0.995

@ HGI: Hunter-Gaston index.
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CAPITULO 1lI

CONCLUSOES

A caracterizacdo molecular delycobacterium tuberculosissolados de pacientes com

tuberculose pulmonar de nossa regiao

1. Foram detectadaspoligotypesjue ainda nao foram descritos no Brasipeligotypes

novos que ainda nao foram descritos no banco desdatérnacional SITVIT.

2. Dentre as duas técnicas de genotipagem de isotblbk tuberculosisutilizadas, a

técnica MIRU-VNTR foi a mais discriminatéria.

3. Combinando as duas metodologi&pdgligotypinge MIRU-VNTR) obtém-se uma

melhor capacidade discriminatéria dos isolados.

4. Dos isolados analisados pelas duas metodologiaswamsos 85,7% de diferenciacao
de M. tuberculosis sugerindo que em Maringa e regido a TB predontémaente

desenvolve-se devido a reativacdo endogena denietgdo latente.
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PERSPECTIVAS FUTURAS

Esta informacao inicial sobre a diversidade geadtics isolados dkl. tuberculosis
circulantes abre novos caminhos para o estudo idaremlogia molecular da TB em nossa
regido. Posteriores estudos devem ser realizadosnowos isolados d#l. tuberculosise
analisando 24ocusna metodologia de MIRU-VNTR. A implantacéo de féan de biologia
molecular permite a liberacdo de dados de difeagda genética dos isolados e com isto
conhecer melhor a dinamica da transmissao dessgald® conhecimento dessa dinamica de

transmissao permite o desenvolvimento de estratéligigrevencao da TB.



