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RESUMO

Uma vez que poucas drogas sdo ativas frentdlymbacterium tuberculosis,
torna-se muito importante se conhecer os mecanigm®devam a resisténcia e, embora,
tenha-se aprendido muito sobre a resisténcia, @rgéem alguns antimicrobianos onde
esse mecanismo ndo esta completamente elucidadaquisicdo da resisténcia aos
antimicrobianos em bactérias, por sua vez, € fr#gueente associada com a perda de
fitness e € muito importante a determinacdo fdaess na populacédo, ja que, ele pode
influenciar a o futuro da epidemia de isoladosstesites a multiplas drogas.

As mutacdes associadas com a resisténcia atestiejma nos genasL errs sdo
bem conhecidas e podem explicar em torno de 70Pésilsténcia fenotipica. Mutacdes no
genegidB foram descritas recentemente em isolados clinieos!. tuberculosis como
associadas com a resisténcia a baixas concentragdestreptomicina. Nesse estudo,
mutacdes ergidB ocorreram em 27% das cepas resistentes a estrepi@isem mutacdes
nos genespsL e rrs. Duas mutagcdes foram consideradas polimorfisrgmiB16 (alelo
16G) foi identificado exclusivamente no gendtip@tin American Mediterranean,
enquanto qugidB92 (alelo 92C) foi associado com a linhagem Beijing

Ofitness de 21 cepas multidroga resistentesvileuberculosis foi estudado através
do método de quantificacdo da reducdo da resazwntmanto ditness de 78 cepas foi
estudado através de curvas de crescimento utitizanalycobacterial growth indicator
tube e estudos de competicdo com alguns isolados eedatns. Em geral, analisando-se as
curvas de crescimento, em ambos os estudos as cepasnutacdes K43R empsL e
S531L emrpoB ou cresceram melhor ou sem diferenca do isoladsisd, j& os isolados
com mutacdes empoB- ndo em S531L e com mutacdes em mais de um geseecam
em média mais lentamente que os isolados sens@e&anto as diferentes linhagens, no
primeiro estudo, os isolados classificados cdratn American Mediterranean cresceram
mais rapido no parametro tamanho da fegg mas sem nenhuma diferenca na fase
logaritmica, ja no segundo estudo, o resultadaliferente, as cepas néatin American
Mediterranean cresceram em média mais rapidamente, mas senertdiielestatistica das
cepas Latin American Mediterranean, e também cresceram melhor nos ensaios de
competicdo. @itness dos isolados clinicos estudados é muito hetesmm§rossivelmente

devido ao fato desses isolados apresentarem désrgmaus de resisténcia as drogas,



diferentes muta¢des nos genes e ainda diferentesiges. Em ambos os estudos foi
possivel afirmar que as mutagdes mais encontradasatados clinicos sdo as mutagdes

nao relacionadas com a perdafitioess ou que geram pouco custo biolégico ao isolado.

ABSTRACT

Since few drugs are active against tWgcobacterium tuberculosis, it is very
important to know the mechanisms that lead to t&ste® and, although much has been
learned about the resistance, there are still santanicrobials where it is not fully
understood. The acquisition of antimicrobial resise in bacteria is often associated with
a loss in fitness and it is very important to héive fithess determined in the population,
since it can influence the future of the multidisglates epidemic.

Mutations related to streptomycin-resistance i@ rjpsL and rrs genes are well
known and can explain about 70% of the phenotygststance. Mutations in tlgedB gene
were described recently as being associated wslstamce to low concentrations of
streptomycin in strains df. tuberculosis. In this study, mutations igidB occurred in 27%
of streptomycin-resistant strains without mutatiansthe rrs and rpsL genes. Two
mutations were considered polymorphismisiB16 (16G allele) was found exclusively in
Latin American Mediterranean genotype, wigielB92 (92C allele) was associated with
Beijing lineage in another population.

The fitness of 21 multidrug resistant straindvbftuberculosis was studied by the
method of quantitative resazurin reduction assal faness of 78 strains was studied by
growth curves in mycobacterial growth indicatoréudnd competition assays using some
selected strains. In general, analyzing the grawtires in both studies the strains with the
mutationsrpsL K43R andrpoB S531L grew better or with no difference from the
susceptible strain, on the other hand, strains mwithations inrpoB-but not S531L and
with mutations in more than one gene grew, on a@eranore slowly than susceptible
ones. Regarding the different lineages from thst fetudy, strains classified as Latin
American Mediterranean grew faster in the paramefethe lag phase, but with no
difference in the logarithmic phase. In the secstutly, the outcome was different, non-

Latin American Mediterranean strains grew faster amerage, but with no statistical



difference from Latin American Mediterranean stsairand also grew well in the

competition assays. The fitness of the clinicallates studied is very heterogeneous,
possibly because these isolates present varyingeelegof drug resistance, different
mutations in the genes analyzed and even diffegenbtypes. In both studies we can say
that the frequently mutations found in clinical ledes are the mutations related with no

fitness cost or that generate little fithess cost.
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INTRODUCAO

Tuberculose e epidemiologia

O agente etiolégico causador da tuberculose (hBhemanos foi descoberto por
Robert Kock. Ele concluiu que essa doenca era dids&, pois preenchia todos os
postulados para a definicdo de agentes microbimdégio bacilo era visualizado nos
tecidos afetados pela doenca, poderia ser cultiesaneio de cultura solido estéril e
cobaias desenvolveram a doenca depois de inocutata agente causador, 0 que nao
ocorreu com as cobaias que nao sofreram a inocu(&gifmann and Schaible, 2005).

Em 24 de margo de 1882 em Berlin, Robert Kochsgmt®u seu trabalho sobre a
TB que lhe rendeu o premio Nobel em 1905. Nessaaépaloenca era 0 maior problema
de saude na Europa (Kaufmann and Schaible, 20@8udratamento era realizado em
sanatorios, onde as pessoas doentes descansavehiame dietas saudaveis e respiravam
ar fresco (Daniel, 2006).

Uma medida mais direta para a saude publica foatta por Albert Calmette e
Camille Guérin. Eles desenvolveram uma vacina ecnffB de uma cepa atenuadavle
bovis que foi chamada de bacilo Calmette-Guérin (BCGgstada, em 1921, em uma
crianca que havia nascido de uma mae morrendob#gculose e cuidada por uma avo
também doente. A crianca sobreviveu e ndo deseswvavdoenca e nos proOXimos anos
muitas outras criancas foram imunizadas (Dani€620

Algumas décadas depois a histéria da TB mudouickaszente com a introducao
da quimioterapia. Albert Schatz e Selman Waksmagaleiram a primeira droga efetiva
frente a TB, a estreptomicina (STR), @reptomyces griseus em 1944. Em 1946,
Lehmann descobriu o acido para-amino salicilico§PA em seguida foi descoberta a
isoniazida (INH) por trés diferentes companhiamuiianeamente: Hoffman LaRoche,
E.R. Squibb & Sons e Bayer. A pirazinamida (PZA)descoberta em 1952, a etionamida
(ETH) em 1956 e o etambutol (EMB) em 1961 (Zhar@)5). As décadas de 50 e 60
representaram a época de ouro para a descobedtagies anti-TB, ja que a maioria das
drogas usadas até hoje foram descobertas naquela @hang, 2005).

No século que se segue a descoberta de Koch tedtemse um firme declinio da
TB devido ao desenvolvimento da quimioterapia, exame raios-X, programa de

imunizacdo com BCG, melhorias nas condi¢cdes soumigunicas e a pasteurizacado do
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leite. Estas novas tecnologias determinaram umsisg#imeducdo do numero de casos de
TB nos paises economicamente desenvolvidos. Emtoetao final do século XX, houve
um aumento no numero de casos da doenca em todmdomsendo a TB considerada
uma emergéncia global em 1993, pela Organizacaadiuda Saude (OMS) (Taylat

al., 2003).

Acredita-se que varios fatores contribuiram pasaeequadro: o aumento da
resisténcia aos antimicrobianos utilizados na cptenapia, a epidemia do virus da
imunodeficiéncia humana/ sindrome da imunodeficg&adquirida (HIV/AIDS) no inicio
dos anos 80, o aumento de usuarios de drogasveigtéo aumento da migracao,
transmissdo ativa em ambientes com aglomeragéo naurf@mo prisdes, hospitais,
abrigos para pessoas de rua, favelas) e a degoadagdistemas de saude (Duehtl.,
2006).

Embora a TB possa ser considerada uma doenca gEnteerem alguns paises
europeus e nos Estados Unidos, no Brasil ela né@m éroblema de saude publica
emergente e tampouco reemergente. Ela € um probpeesente desde muito tempo
(Ruffino-Netto, 2002).

A TB é uma doenca contagiosa e transmitida poragiea, esta relacionada a
pobreza e afeta principalmente jovens adultos am aaos de vida mais produtivos. A
grande maioria de mortes relacionadas a TB ocarmaumdo em desenvolvimento (Figura
1). Dados da OMS estimam que em 2009, 1,7 milh&espessoas morreram em
decorréncia dessa doenca no mundo, o que equivdlg(® mortes decorrentes da
tuberculose no mundo por dia. Houve 9,4 milhdeshawos casos de TB, sendo que a
estimativa da incidéncia global caiu para 137 ca&rsl00.000 habitantes, apdés um pico
de 142 casos por 100.000 habitantes em 2004. Hesero vem caindo nos ultimos anos,
embora muito vagarosamente. A estimativa € de 880rbvos casos de MDR-TB
(tuberculose resistente a rifampicina (RIF) e iapiia) e 150.000 mortes decorrentes
desse tipo de TB. Alguns paises da antiga UniaoéBce alcancaram taxas de 28% de
novos casos de TB como sendo MDR (WHO, 2010). Rednos um caso de XDR-TB
(MDR mais resisténcia a drogas de segunda linhi@) j&portado por 69 paises, incluindo
o Brasil (WHO, 2011).
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Figura 1. Taxas estimadas de novos casos de tuberculose paigpem 2009Adaptado

de WHO, 2010.

O Brasil faz parte do grupo dos 22 paises ondeguocorrem 81% dos casos de
TB no mundo. Os cinco paises com a maior incidédei@asos de TB em 2009 foram
india (1,6-2,4 milhdes), China (1,1-1,5 milh&esjrida do Sul (0,4-0,6 milhdes), Nigéria
(0,37-0,55 milhdes) e Indonésia (0,35-0,52 milhd€x)Brasil ocupa o fOlugar nesse
ranking (WHO, 2010).

No Brasil, em 2009, a incidéncia de TB foi de 88as por 100.000 habitantes, em
torno de 72.000 novos casos foram notificados dengi em 2009 e 387 foram casos
confirmados como sendo MDR-TB, a maior taxa de TBnateu homens e mulheres
entre 25-34 anos de idade (WHO, 2010).

Dados da secretaria de vigilancia em saude (S¥i®amn que no estado do Rio
Grande do Sul a incidéncia de casos € de 48/10hablantes, e que esse é o quarto
estado com maior nimero de casos no Brasil. Quasidapitais brasileiras sdo estudadas,
Porto Alegre (capital do estado do Rio Grande dp &a capital com maior incidéncia da
doenca, com 118 casos por 100.000 habitantes (8)19).
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Agente etiologico e caracteristicas da infeccédo

O principal agente etiologico causador da TB emmdmops é oMycobacterium
tuberculosis, que € uma bactéria patogénica aerObica que &stabsua infeccéo
usualmente nos pulmdes (Ducdtial., 2006), embora outros 6rgdos também possam ser
acometidos pela doenca como 0sso0s, rins, ganghesinges, entre outros (Golden and
Vikram, 2005).

O M. tuberculosis pertencente a familia Mycobacteriaceae, € um dogonentes
do complexo M. tuberculosis, junto com outros membrosMycobacterium bovis,
Mycobacterium bovis BCG, Mycobacterium microti, Mycobacterium africanum e
Mycobacterium canetti, Mycobacterium caprae e Mycobacterium pinnipedii. Todos os
membros desse complexo sdo bactérias de multigbckpita com um tempo de geracéo
perto de 24 horas e levam de 3 a 4 semanas panarf@olénias em meios de cultura
sélidos (Cole, 2002). O genoma da cepa H37RW¥dauberculosis tem 4.411.529 pares
de bases (pb) e um conteudo G+C de 65,6% (€ale, 1998).

Essa bactéria tem forma de bastonete, ndo teraldlagem forma esporos, néo
produz toxinas nem tem cépsula. Os bacilos ténudarg altura variando de 0,3-0,6 e 1-4
Km, respectivamente, e possuem um complexo envetdpkar (Ducatiet al., 2006). Sua
parede tem baixa permeabilidade, j& que possui estraitura e composi¢ao rica em
lipideos (De Rosgt al., 2006).

O M. tuberculosis tem a capacidade de entrar em periodos de latéamauma
atividade metabodlica limitada, dificultando a ac¢is antimicrobianos, contribuindo para a
natureza cronica da doenca e impondo um regimeralantento longo. Além disso,
existem, numa mesma infeccéo, populacdes de batzl@mmportamentos diferentes em
funcdo de sua localizacdo e atividade. Assim, osildsa presentes nas cavidades
pulmonares multiplicam-se de forma ativa em um amtli aerdbio, os bacilos do interior
dos macrofagos, o fazem em um ambiente microaemfitjue induz a laténcia, e os
bacilos que se encontram no interior da lesdo sase&am, ocasionalmente, um ciclo
replicativo. Por outro lado, se M. tuberculosis pode multiplicar-se nos tecidos, onde a
penetracdo dos antibidticos é facilitada, no malteeseoso a penetracdo dos antibidticos e

mais dificil. Os farmacos antituberculosos apresantm perfil de atividade diferenciado
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frente a cada uma dessas localizagbes e populag@pgecessario assegurar-se de que 0
tratamento prescrito seja ativo contra todas €a#,(2003).

O estado de dorméncia, no qual o bacilo permangiesagnte, pode ser resultado
da acdo de mediadores celulares da resposta inmengoglem conter, mas nao erradicar a
infeccdo. Quando a imunidade diminui, as bactéal@msnentes reativam-se, causando a

deflagracdo da doenca, mesmo décadas apos a mfaagéal (Coleet al., 1998).

Transmisséo e sintomas

A principal via de transmisséo e infeccdo ocomreepdssoa a pessoa, através de
pacientes com TB ativa que tossem como resultadafldenacdo pulmonar crénica tipica.
As particulas liberadas por um paciente doenteegalmdas de um pulméo infectado para
o ar, sendo capazes de ficar em suspensao por hepessentando uma doenca altamente
contagiosa (Ducatet al., 2006). Os principais determinantes do riscordecgédo sao a
concentracdo de bacilos da particula exalada pete,fsuas caracteristicas aerodinamicas,
a taxa de ventilacéo e o tempo de exposicéo (BemarMurray, 1992).

A doenca cavitaria, onde existe uma lesdo near@ranulomatosa que causa
erosdo dos brénquios, expelindo milhdes de bastéames vias aéreas, é fortemente
associada com aumento da transmissao (Flynn and 20@5).

Quando infectado conM. tuberculosis, a maioria dos individuos desenvolve
infeccdo latente e assintomatica. Esse enormeved8eD representa a principal fonte de
casos novos, pois uma pessoa infectada latentententea chance de 5-10% de
desenvolver tuberculose durante toda a sua vida,se&la estiver infectada com o virus
HIV essa proporcdo passa para 5-10% por ano de @ddlV nesse caso € um fator
ambiental que afeta a taxa de manifestacéo da ddérignhoff, 2009).

Outros fatores que podem afetar a conversdo aedad latente para doenca
formam uma rede complexa de interacdes patogermetieso: o status do hospedeiro
(genética, nutricdo, vacinacdo, estado de saudspres ambientais (influéncias
imunomoduladoras como co-infeccdes) e a virulérida cepa deM. tuberculosis
(Ottenhoff, 2009).

O processo patoldgico e inflamatério produz sirsmntipicos da TB, como
fraqueza, febre, perda de peso, suores noturnoss do peito, insuficiéncia respiratdria e

tosse (Bloom and Murray, 1992).
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Tratamento

A TB é uma doencga curavel em praticamente 100%cad®ss novos, sensiveis aos
medicamentos anti-TB, desde que obedecidos os iposc basicos da terapia
medicamentosa e a adequada operacionalizacdo temérao. O tratamento dos
baciliferos € a atividade prioritaria de controle B, uma vez que permite interromper a
cadeia de transmissdo. A transmissibilidade estédepte desde os primeiros sintomas
respiratorios, caindo rapidamente apds o inicitral@amento efetivo. Na pratica, quando o
paciente ndo tem historia de tratamento anterion petros riscos conhecidos para a
resisténcia, pode-se considerar que, apds 15 dimtdmento e havendo melhora clinica,
0 paciente ja é ndo infectante (BRASIL, 2010).

Em 1979, o Brasil preconizou o tratamento paraBacdmposto pelo Esquema |
com duracao de seis meses e consistindo de dwess faprimeira é a fase intensiva que
dura dois meses, com trés drogas (INH, RIF e PZi)stnadas diariamente. Durante a
fase de continuagdo (quatro meses), INH, RIF tamb@omnadministradas diariamente. A
duracado do tratamento aumenta para nove mesesaadhdA ndo é empregada durante a
fase intensiva. O EMB e STR sdao utilizados parnarnanto de pacientes com intolerancia
para um dos outros farmacos ou infectados por cegmstentes (BRASIL, 2002). Os

esquemas de tratamento adotados no Brasil des@ee$thb resumidos na tabela 1.

Tabela 1.Esquemas de tratamento da TB utilizados no Brasilesde 1979

Esquemas de Tratamento da TB

Sem tratamento anterior, casos novos de 2meses: RIF/INH/ PZA

todas as formas exceto meningoencefalite Esquemal 4 meses: RIF/INH

Com tratamento anterior, casos de
o ) 2 meses: RIF/INH / PZA
retratamento em recidivas ou retorno apés Esquema 1
4 meses: RIF/ INH / EMB

abandono do esquema 1 Reforcado

Meningoencefalite tuberculosa 2 meses: RIF/INH / PZA
Casos de meningite tuberculosa Esquema 2 7 meses: RIF/INH
Faléncia do esquema 1 ou esquema 1 3 meses: STR/ETH/ PZA

reforcado e casos de falénciado 1, 1R ou2 Esquema3 9 meses: ETH/EMB

ETH, etionamida; EMB, etambutol; STR, estreptonacirPZA, pirazinamida; RIF,
rifampicina; INH, isoniazida. Adaptado de Brag002
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Em 2009, o Programa Nacional de Controle da Tuib@se, juntamente com o seu
Comité Técnico Assessor reviu o0 sistema de trateonga TB no Brasil e introduziu o
EMB como quarto farmaco na fase intensiva de tratdon (dois primeiros meses) do
Esquema basico (antigo esquema 1). O novo esquentratdmento utilizado no Brasil
encontra-se na tabela 2. Essa recomendacdo e rdpgse farmacologica sédo as
preconizadas pela OMS e utilizadas na maioria désep (BRASIL, 2010).

Tabela 2.Esquemas terapéuticos basicos utilizados atualmerne Brasil.

Esquema terapéutico

2 meses: RIF/ INH / PZA/ EMB

Esquema Bésico adultos 4 meses: RIF / INH
2 meses: RIF/ INH / PZA
Esquema Basico Criancas 4 meses: RIF / INH

2 meses: RIF/ INH / PZA/ EMB

Esquema Tuberculose Meningoencefélica 7 meses: RIF / INH

EMB, etambutol; PZA, pirazinamida; RIF, rifampicjnBNH, isoniazida. Adaptado de
BRASIL, 2010.

Resisténcia aos farmacos

Embora a TB seja uma doenca curavel, o tratanten&eis meses necessario para
curar a doenca € bastante longo e ainda apresgniicante risco de toxicidade e efeitos
adversos. Esses fatores fazem com que a ades&aci@mtp ao tratamento seja dificil, e
essa ndo-adesdo, frequentemente, seleciona bsctsistentes as drogas anti-TB (Zhang,
2005). A prescricdo errbnea por parte do médico @s@ em monoterapia, seja por
suplemento irregular dos antimicrobianos ou outrativo, também podem selecionar
cepas resistentes (Zhang and Yew, 2009).

O M. tuberculosis € naturalmente resistente a muitos antibioticosidde
principalmente, ao envelope altamente hidrofébipwe atua como uma barreira para
muitos compostos. Varios determinantes do potendil resisténcia sdo também
codificados pelo genoma. Isso inclui enzimas hitoals ou modificadoras de drogas
como ag3- lactamases e acetil-aminoglicosideo-transferadmsmbas de efluxo de drogas
(Coleet al., 1998).
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Para bactérias em geral, a resisténcia adquirate pser devido a mutacdes
(mutacBes pontuais, delecdes, insercles, inversdas)por transferéncia genética
horizontal. EmM. tuberculosis ainda n&o foi descrito nenhum elemento genéticeemo
como os plamideos e transposons conferindo resiatéthang and Yew, 2009). Por isso,
o desenvolvimento da resisténcia neste microrgang@pende basicamente de alteracdes
genéticas no genoma da bactéria (Normark and N&r2@e2).

A resisténcia ddVl. tuberculosis as drogas anti-TB é consequéncia de mutacdes
espontaneas nos genes que codificam o alvo doiardbrano ou enzimas envolvidas na
sua ativagdo. As mutacBes associadas a resist@ncfaram descritas para VAarios
compostos e a resisténcia a multiplos antimicraisiad desenvolvida devido a aquisicédo
sequencial de mutacdes em diferentes genes, tarabgaimente selecionadas por um
tratamento inadequado (Normark and Normark, 2002jn8erset al., 2011). Essas
mutacdes encontradas em isolados resistentes admaism antimicrobiano nédo diferem

das encontradas em isolados mono resistentes.

As drogas anti-TB podem ser categorizadas em ambivianos de primeira (mais
eficientes e menos téxicos) e segunda linha. Oprideeira linha s&o: INH, RIF, PZA,
EMB e STR; e os de segunda linha: KAN, AMK, CARlaserina, PAS, etionamida e
fluoroquinolonas (Zhang, 2005).

As cepas resistentes a mais de um antimicrobiaderpaer classificadas em duas
categorias, de acordo com o0s antimicrobianos psirguais essas cepas sao resistentes:

multidroga resistente (MDR) e extensivamente-resistas drogas (XDR).

Uma cepa é considerada MDR quando apresenta reséstbs antimicrobianos de
primeira-linha RIF e INH, que fazem parte de amdm$ases do esquema basico e sdo as
duas drogas mais importantes do tratamento. Atéesia a ambos obriga que sejam
utilizados no tratamento outros antimicrobianosrmor efetividade, maior toxicidade e

maior custo (De la Iglesia and Morbidoni, 2006).

Mais recentemente, cepas XDR tem surgido com éesist a RIF e INH mais a
resisténcia adicional a derivados de fluoroquinalan pelo menos uma das drogas
injetaveis de segunda linha (amikacina (AMK), kaitama (KAN) e/ou capreomicina
(CAP) (Ottenhoff, 2009).
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Alguns dos antimicrobianos de importancia para ésse serdo descritos com mais
detalhes a seguir.

Rifampicina

A RIF interfere na sintese do acido ribonucléicblfR pois se liga na subunidade
B da RNA polimerase (codificada pelo gemp®B) (Telenti et al., 1993). As mutacdes
ocorrem em uma regiao bem definida de 81 pb dexse, gnde sdo encontradas 96% das
mutacdes nos isolados resistentes a RIF (Tederti, 1997). As mutacdes nas posicoes
531 e 526 estédo entre as mutacdes mais frequemttesacs isolados resistentes e estao,
frequentemente, relacionadas com alto nivel destéwiia (Zhang and Yew, 2009;
Almeida da Silva and Palomino, 2011).

Isoniazida

O mecanismo de acdo da INH ainda néo esta totatnedmtidado. A INH é uma
pro-droga que requer a ativacdo pela enzima catpE®xidase (codificada pelo gene
katG) da bactéria para gerar vérios radicais reat(Vidshéze and Jacobs, 2007; Almeida
da Silva and Palomino, 2011). O alvo mais conhedadNH € a via de sintese do acido
micélico da parede celular, especialmente a prateiarregadora enoil-acil redutase
envolvida nessa sintese e codificada pelo gem& (Banerjeeet al., 1994; Vilchéze and
Jacobs, 2007), embora as espécies reativas predudidante a ativagdo da INH possam
causar danos também ao acido desoxirribonucléiblAjDcarboidratos, lipideos e inibir o
metabolismo da nicotimanida adenina dinucleotit®) (Zhang, 2005).

O mecanismo de acdo da INH ainda pode envolvero®uggenes ainda
desconhecidos, ja que existem isolados clinicasteages a este antimicrobiano que nao
apresentam mutacfes &aiG e nem eninhA. Outro gene relacionado com a resisténcia a
INH (ndh), codifica uma enzima: nicotinamida adenina dieatitieo reduzido (NADH)
desidrogenase (De la Iglesia and Morbidoni, 2006).

A substituicdo de um unico nucleotideo no cédon IBC—ACC; S315T) do
genekatG pode ser encontrada em 53%-96% dos isoladosergsis a INH e é a mutacéo
mais encontrada em isolados resistentes a estaienotbiano (Marttilaet al., 1998, van
Soolingenret al., 2000).

19



Estreptomicina

A STR é um aminoglicosideo e atua interferindcsimiese protéica, pois inibe a
iniciacdo da traducdo do RNA mensageiro (mRNA)jlifando uma leitura errénea do
codigo genético (Honoré and Cole, 1994; Zhang, R005local de sua acdo na sintese
protéica é na subunidade ribossomal 30S, espauificte na proteina ribossomal S12
(codificada pelo gengosL) e no RNA ribossomal (rRNA) 16S (codificado pegienerrs)
(Finkenet al., 1993).

Mutacbes nesses dois genes sdo 0s principais m@oande resisténcia em alto
nivel & STR. A mutacdo mais comumente encontradaubstituicdo no cédon 43 do gene
rpsL (AAG— AGG; K43R), porém mutacbes no cdédon 88 (AAGAG; K88Q;
AAG—AGG; K88R) também séo bastante comuns (Fulaidd., 1999; Brzostelet al.,
2004; Meieret al., 1996). As mutacbes no genes ocorrem nas regides por volta dos
nucleotideos 530 e 912 (Finketral., 1993; Sreevatsaat al., 1997). Entretanto, esses dois
genes juntos explicam apenas 70% dos casos d&énesisfenotipica (Sreevatsahal.,
1997; Riskaet al., 2000) e, por esse motivo, outro locus ou meoamisleve estar
envolvido nessa resisténcia.

Recentemente, foi observado que mutacdes no geBe que codifica uma 7-
metilguanosina metiltransferase especifica par®® RNA, estdo associadas com a
resisténcia em baixo nivel a STR & tuberculosis. As mutacdes nesse gene tém sido
observadas em alta freqtiéncia em isolados clirdedd. tuberculosis (Okamotoet al.,
2007, Spiest al., 2008).

Kanamicina e Capreomicina

As drogas injetaveis como a KAN e CAP séo as jpais drogas de segunda linha
para o tratamento da tuberculose MDR (Jugtieli., 2009).

A KAN é um aminoglicosideo e, assim como a STRjdora da sintese protéica
através de modificacdes das estruturas ribossornalkRNA 16S (Zhang, 2005).

A CAP €& um antibiético polipeptidio obtido dg&treptomyces capreolus, sua
estrutura quimica € diferente dos aminoglicosidendgretanto, eles sdo similares em
termos da sua acdo e efeitos adversos. O mecamisnagdo da CAP ainda néo esti
completamente esclarecido. Acredita-se que a déogdiva, pois interfere na sintese
protéica bacteriana (Arbex al., 2010).
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Mutacbes no gene que codifica o rRNA 1688&)( particularmente nas posicoes
1401, 1402, 1484, tém sido associadas com a mSBté esses antimicrobianos
(Feuerriegekt al., 2009; Almeida da Silva and Palomino, 2011). T®do sugerido que
mutacdes no gerteyA (codifica uma rRNA metiltransferase que modif@anucleotideos
C1409 na hélice 44 do rRNA 16S e o nucleotideo GIfi2hélice 69 do rRNA 23S) sao
responsaveis pela resisténcia a CAP. Tem sidatesfaoresisténcia cruzada variada entre
varios aminoglicosideos e CAP (Jughatlial., 2009). Um estudo recente encontrou que
mutacdes na regido promotora do gereem M. tuberculosis confere baixo nivel de
resisténcia a KAN (Almeida da Silva and Palomir@l D).

Ofloxacina

As fluoroquinolonas (FQ) s&o potentes drogas dars#a linha recomendadas para
tratar a tuberculose MDR, a ofloxacina (OFL) é uetas. O alvo principal das FQ é a
DNA girase, uma topoisomerase do tipo Il compogia guas subunidades A e duas
subunidades B, codificadas pelos geggsA e gyrB, respectivamente. Na célula, as
topoisomerases regulam o superenrolamento das fesDNA para atender as
necessidades da transcricdo e replicacdo. Mutagéssregides que determinam a
resisténcia as quinolonas (QRDR) desses genes é ecanismo primario de
desenvolvimento da resisténcia as FQ (Mokrousay., 2008).

As mutacOes em QRDByrA tem sido identificadas em uma alta proporcéo de
cepas resistentes a OFL e mutacOes ggnB s&o encontradas em menor mas néo
negligenciavel nimero de isolados resistentes a @ekrousovet al., 2008; Feuerriegel
et al., 2009). A mutacdo mais encontrada gyrA € no codon 94 (GASGGC; D94G)
(Feuerriegekt al., 2009) e a mutacdo no codon 95 é consideradaolimgfismo que néo
esta envolvido com a resisténcia a FQ. Geralmems chutacdes egyrA ou mutacdes
concomitantes ergyrA e gyrB sdo necessarias para o desenvolvimento de urhmaier

de resisténcia (Zhang and Yew, 2009).

Epidemiologia Molecular
A genotipagem de cepas Ok tuberculosis € utilizada para responder questdes
evolucionarias e para pesquisar a dinamica de niige8o0 dessa doenca em estudos

epidemiolégicos (Bouakazet al., 2010). A tipagem molecular ainda pode ser atile

21



para aumentar o conhecimento sobre as diferengasut@ncia e transmisséo e a variacéao
da efetividade das vacinas (Conetal., 2009).

As técnicas mais utilizadas para diferenciar ggmsealeM. tuberculosis utilizam
técnicas baseadas no polimorfismo de tamanho dgméato de restricdo (RFLP,
restriction fragment lenght polymorphism) da sequéncia de inser¢cao 1S61¢1]igotyping
e unidade de repeticdo de micobactéria- repetigitardem de numero variavel (MIRU-
VNTR, mycobacterial interspersed repetitive unitss variable number of tanden
repeats)(Gagneux and Small, 2007).

Sooligotyping € uma técnica de genotipagem que explora a vidiade da regido
de repeticao direta (DR) eM. tuberculosis (Kamerbeelet al., 1997). Desde 1999, uma
base de dados da diversidade genética tem sidoipaga para analisar a diversidade
genética do lécus DR na populacdo e estudar a eardpte da transmissédo global
levando em conta a evolugao temporal e espacidBdéBrudeyet al., 2006). Os dados
acumulados revelam que poucas linhagens princgsad® distribuidas em todo o mundo,
engquanto outras sédo especificas de determinadi@&segeograficas, figura 2 (Brudey
al., 2006; Solet al., 2001). Hoje em dia, a base de dados (SpolDB49rseu acessivel

via internet,

0,00 — region
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Figura 2. Percentagem das principais linhagens do SpolDB@Beijing, Beijing-like,

CAS, EAI, Haarlem, LAM, Manu, X, T, S). AFR, Afric AM, America Central; EUR,
Europa; FEA, Extremo-oriente Asiatico; MECA, Meidemte e Centro-Asiatico; NAM,
Ameérica do Norte; OCE, Oceania; SAM, América do ulideyet al., 2006).
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o que facilitou a comparacédo de estudos epidenicaégem uma escala global. Na ultima
atualizacdo feita em 2006, foram descritos 1938stigiferentes de um total de 39.295
cepas representantes de 122 paises (Briday 2006).

O RFLP da 1S6110 é considerado o padrédo-ouro esttécnicas de genotipagem
de M. tuberculosis (van Soolingeret al., 2007). A 1IS6110 é um transposon exclusivo do
complexoM. tuberculosis e pode ser encontrado em uma grande variedadéndera de
copias e posicdo no genoma. Esta técnica é demeraddalhosa, requer semanas de
incubacédo para cultivar um namero de organismosqaea fornecer quantidade de DNA
suficiente para sua realizacdo (Matheehal., 2006; van Soolingest al., 2007). Além
disso, os padrdes obtidos sdo dificeis de compaméne laboratérios distintos, pois
requerem programas especializados para analiseodgdexos padroes de bandas gerados
(Mathemaet al., 2006). As cepas que possuem um numero pequecdpiks de 16110,
geralmente inferior a 6, podem apresentar padr@émnticos, mesmo nado sendo
epidemiologicamente relacionadas (Gouldéhgl., 2000). Isto ocorre devido a existéncia
de pontos preferenciais de integracdo do 1SGidlgenoma dél. tuberculosis (Filliol et
al., 2000).

O método de MIRU-VNTR baseia-se na amplificacdo macdo em cadeia da
polimerase (PCR) de multiplos locus utilizangdmers especificos para as regifes
flanqueadoras desses loci e na determinacao d@ta® dos amplicons, que refletem o
namero de copias dos MIRU-VNTR alvo. A analise dasianhos pode ser realizada
utilizando um sistema de eletroforese capilar (Al al., 2004), eletroforese em gel
(Mazarset al., 2001) ou cromatografia liquida de alta efici@n@HPLC) (Evanst al.,
2004). Os dados digitalizados permitem comparat&o € intralaboratorial.

As técnicas descritas brevemente acima sdo baseadaelementos genéticos
moveis (IS6110) ou elementos repetitivos do DNpoligotyping e MIRU-VNTR) que
mudam rapidamente, resultando em um alto poderimis@atorio, um importante pré-
requisito para ferramentas moleculares serem us@das determinar transmissao,
identificando também contaminacédo cruzada nos s e diferenciando reativacao de
reinfeccdo da doenca em pacientes (Gagneux and, 20@T). Entretanto, devido a rapida
mudanca desses loci, padrdoes idénticos podem sargirlinhagens de cepas né&o
relacionadas (homoplasia) como resultado da evolagavergente (Warregt al., 2002;

Gutackeret al., 2006). Assim como estudos em outros organismasalj@ntaram, sao
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necessarios diferentes marcadores para o estuddifelentes escalas evolucionarias
(Gagneux and Small, 2007).

Para que associacdes filogenéticas sejam defisielasambiguidade, marcadores
genéticos precisam ser unicos e idealmente irrenass Esses marcadores genéticos tém
sido identificados enM. tuberculosis na forma de polimorfismos de sequéncias grandes
(LSP, large sequence polymorphisms) e polimorfismos de Unico nucleotideo (Sisipgle
nucleotide polymorphisms). Os SNPs atuam como mutacdes filogeneticamente
informativas, pois a baixa variacdo nas sequérdga®NA deM. tuberculosis torna a
ocorréncia de mutagfes independentes muito impeisdyuntamente com a falta de
transmissao horizontal de genes que reduz ainda anprobabilidade de observacgéo de
SNPs independentes e recorrentes. Entdo, SNPssda8Rilogeneticamente informativos
em M. tuberculosis, tornando-se marcadores ideais para inferir sditmgenias mais
profundas (Gagneux and Small, 2007).

@
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Figura 3. Filogeografia global deM. tuberculosis de acordo com os LSROs circulos
coloridos indicam a linhagem predominante. Adap@el&Gagneux and Small, 2007.

Um estudo incluindo pacientes tratados de TB emFancisco (Estados Unidos
da América), mas nascidos e infectados com a dommc80 diferentes paises que foram
analisados através de 19 LSPs filogeneticamentaniattivos e linhagem especificos,

24



revelou que existem 6 linhagens principais e 15irswdgens deM. tuberculosis, e
constatou que a genética da populacdoMietuberculosis € altamente estruturada
geograficamente. Cada uma das seis linhagensigaiadoi associada com uma area
geografica em particular e o0 nome dado a linhagefiete a sua associacdo geografica,
figura 3 (Gagneuxt al., 2006b).

Os achados desse estudo sdo consistentes conariadan origem e evolugcdo da
TB humana, ond#. tuberculosis expandiu e se diversificou quando se espalhoufpeaa
do Leste da Africa. E, como consequéncia, difeselidagens d#l. tuberculosis podem
ter se adaptado a populacdes humanas especifiagad@xet al., 2006b). Essas linhagens
podem ter moldado e selecionado diferentes polisrods genéticos associados a
resisténcia do hospedeiro nessas diferentes pdmsdpmanas (Ottenhoff, 2009).

Existe uma nomenclatura confusa entre os métogogethotipagem, onde o0s
grupos genéticos recebem diferentes nomes baseadosalizagdo geografica, a tabela 3
mostra a comparacéo entre a nomenclatura usadatgetacas de LSPspoligotyping.

Tabela 3. Comparacdo da nomenclatura dos gendtipasando LSP espoligotyping.

LSP (Gagneux, 2006) Spoligotyping (Filliol et al, 2003)  regido prevalente

Indo-Oceania Africa-india Ocidental (EAI) Sul daid©cidental,
Africa Ocidental e Sul da
india

Asia Oriental W-Beijing China, Jap&o, Sul da Asia
Ocidental, Rassia

india-Africa Oriental ~ Asia Central (CAS) Norte dadia, Paquist&o,
Libia, Sudéo

Euro-America X, Haarlem, Latino Americae  Ubiquo

Mediterraneo (LAM)
Africa Ocidental 1 M. africanum Nigéria, Gana
Africa Ocidental 2 M. africanum Senegal, Gambia

Atualmente, SNPs vem sendo usados em estudoserfitigos para diferenciar as
linhagens deM. tuberculosis (Bouakazeet al., 2010; Filliol et al., 2006; Gutackeet al.,
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2006). Alguns SNPs tém sido relacionados com liehagespecificas dd. tuberculosis
em diferentes estudos: como o SNP no gegC (R182H) pode diferenciar as cepas
entre as linhagens Haarlem e nao-Haarlem (Alixal., 2006); a variacdo em Rv2629
(N64A) foi encontrada exclusivamente em isoladogtepeentes a linhagem Beijing
(Chakravortyet al., 2008; Homolkaet al., 2009); um SNP erfadD28 no codon 507 pode
ser um marcador especifico para isolados pertezgarinhagenkast Asia (Asia oriental)
(Chuanget al., 2010), e um SNP no codon 103 do gene que cadiig85C (Rv0129c) foi
descrito como sendo LAM linhagem especifico (Gibetoad., 2008).

Fitness

O progresso da evolucao € determinado pelo aungenfioness do organismo. O
conceito dditness é derivado de disciplinas como ecologia e biol@yialutiva e implica
na existéncia de uma variacdo que pode ser hegrtadaindividuos da mesma espécie.
Para agentes infecciosdithess € composto da medida da habilidade de um organismo
sobreviver, reproduzir e ser transmitido (Cobeal., 2003). Este € um conceito inclusive
numerico, onde, &@itness do isolado sensivel pode ser definido como teradorvgual a 1
(Gagneuwset al., 2006c).

A evolucdo adaptativa opera sobre a substituicdG gdmes loci especificos que
codificam um feno6tipo sob sele¢cdo. Como conseqa@eiuma mudanca no ambiente, um
alelo previamente favorecido; Asera substituido pelo agora favorecido aleloen&ssus,
A,. Se as condi¢cdes do ambiente estiverem constanteama populacdo, o genotipo
mutante mais adaptado nesse ambiente prevalecguarglo mutantes mais adaptados
estejam sendo gerados, um substituira o outro rflet\al., 2000).

Nas bactérias, as mutacbes que conferem reseténsi farmacos ocorrem nos
genes que codificam os alvos celulares desses daem&sses alvos geralmente sao
codificados por genes essenciais e altamente c@ukE, logo, esses mutantes podem
possuir enzimas que nao exercem as atividadesofaisi tdo eficientemente quanto os
isolados selvagens ou ndo mutados (Borrel and Gag2€09). Geralmente € assumido
que isolados resistentes as drogas possuem umizakigico (diminuicdo dditness) em
decorréncia da aquisicdo da resisténcia (Billingtoal., 1999). Entretanto, mutacdes que
conferem resisténcia as drogas podem ter impadteentes ndfitness bacteriano, que
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pode variar com a mutacao especifica que causastérecia e também combackground
genético da bactéria (Gagneux, 2009).

Na auséncia do farmaco, essas mutacfes sao assoc@m uma diminuicdo nas
taxas de replicacdo da bactéria, pois podem cdesdes em processos vitasg( na
transcricdo para resisténcia a RIF, na sintes@ipeopara resisténcia a STR). Na falta da
pressao seletiva do antibiotico, essa redugdopizaedo, frequentemente, constitui uma
desvantagem seletiva para o mutante resistente@Rlsy 2000).

A perda dditness pode se refletir, na auséncia dos antibidticos,stéem uma taxa
de crescimento reduzida vivo ou in vitro, mas também como uma taxa de transmissao
reduzida, um aumento na taxa de remoc¢do do patdgelwo sistema imune ou uma
diminuicdo da invasdo ao hospedeiro. Os custoggisténcia estdo entre os fatores mais
importantes que determinam ambos, a taxa e a alida emergéncia da resisténcia
(Schulz zur Wieschkt al., 2010).

Isolados deescherichia coli foram descritos como tendo uma taxa de crescimento
menor depois da aquisicdo de plasmidios confermedosténcia (Kysliket al., 1993).
Schrag e Perrot (1996) observaram que o alefo(&insivel a STR) tem uma vantagem
sobre o alelo St(resistente a STR), efitness associado com essa resisténcia é estimado
em 14% e 19% por geragdo, em experimentos de cup@peintre o alelo selvagem e o
mutante resistente. Outros estudos também mostrdimiauicdo dofitness pelo isolado
mutante. Daviest al. (2000) demonstraram que o isolado multidroga msist deM.
tuberculosis tinha umfitness relativo de 0,73.

Embora a aquisicdo de determinantes de resistéma$a antimicrobianos é
frequentemente associada com diminuicaditthess, as mutagdes chamadas de sem custo
bioldgico ou com baixo custo tém sido descritasv@mos sistemas biolégicos. Embora
cepas resistentes as drogas frequentemente sofremraducéo inicial nditness, elas
continuam evoluindo através da aquisicdo de ummais mutacdes em sitios secundarios
gue podem melhorar ou até restaurafitness dessas cepas através do tempo. Esse
processo € conhecido como evolucdo compensat@iae{Band Gagneux, 2009). Tanto na
presenca como na auséncia da pressao seletivantlustacos, mutacdées compensatorias
podem ser obtidas sem a perda da resisténcia (Semch Perrot, 1996; Schra al.,
1997).
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Adaptacdes que aumentanfitmess em E.coli com alteragcdes na RNA polimerase
(resistente a RIF) ocorrem mais por mutagBes cosgpé@rias do que pela reversdo para
um estado novamente sensivel, tanto na presengaogna auséncia de antibibticos
(Reynolds, 2000).

Os custos da resisténcia sdo geralmente medidavaeente com o0 Sseu
correspondente selvagem na auséncia de antibioszogar ao que ocorre no organismo
do hospedeiro quando a bactéria mutante resistemtejue competir com a populacao de
bactérias sensiveis. Em muitos estudoditoess da cepa resistente € medido em
competicdo com a bactéria selvagem e na auséntiatdmento (Schulz zur Wiesehal.,
2010). Algumas outras caracteristicas que definditness podem ser quantificadas em
laboratorio, embora a contribuicdo precisa paraicesso empirico de um individuo no
“mundo real” ainda ndo esteja clara. As abordagéifizadas em laboratorios para estudo
dofitness emM. tuberculosis resistente aos antimicrobianos incluem a medigéaxhs de
crescimento, infectividade em modelos animais eapacidade de resistir a desafios
especificos (Cohemt al., 2003). Outra maneira de medirfitness de um organismo
transmissivel € considerar a sua eficacia em genar epidemia. O potencial epidémico
pode ser quantificado pela estimativa do niumeroiongel infec¢cdes ou casos secundarios
causado por um genotipo especifico depois da duadutdo em uma populacdo. Nao
existe um método de medicao fitmess que seja considerado padréo (Coétead., 2003).

Vérios estudos tém utilizado abordagens experiaemiara estudar os efeitos da
resisténcia as drogas filness deM. tuberculosis.

Para estudar a influéncia de diferentes mutagéesonferem resisténcia a RIF no
fitness de M. tuberculosis, Gagneuxet al. (2006¢) selecionaram mutantes espontaneos para
0 generpoB e através de experimentos de competigddatro mostraram que todos os
isolados resistentes a RIF tem um custo biolodce8(— 0,91). Quando a comparacao foi
feita entre isolados clinicos foi encontrado quatieude cinco cepas clinicas com mutacéo
em rpoB S531L ndo tinham qualquer perda fiteess. E importante destacar qupoB
S531L é a mutagdo associada com 0 menor custaylmolém mutantes de laboratorio e
com nenhuma perda di¢ness em algumas cepas clinicas e que também € a mutajdo
frequente relacionada com a resisténcia a RIF estlados clinicos globalmente. Em
contraste, o isolado mutado R529Q gmoB, possui 0 maior custo biolégico de todos os

mutantes geradan vitro e nunca foi observado em isolados clinicos (Gagriza09).
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Ao gerar mutantes espontaneosMietuberculosis resistentes a RIF, Billingtoet
al. (1999) obtiveram um numero limitado de mutacGegenerpoB e perceberam que as
mutacfes ocorriam em uma frequéncia similar. Osglagligeriam que as mutacdes
geradas séo igualmente provaveis de acontecerr(s@R®1 e 526), mas a sua prevaléncia
na populacédo ird depender da habilidade do isajaéoa possui de sobreviver, ou melhor,
do custo biologico da mutagéo.

Mariam et al. (2004) compararam ditness de uma cepa parental altamente
virulenta e transmissivel del. tuberculosis com isolados espontaneamente gerados e
resistentes a RIF. Todas as mutacfes geradas mtgrese um custo biolégico, e é
importante destacar aqui que a mutacdo especifE2l\8 em rpoB é raramente
encontrada em isolados clinicos de pacientes, embesociada com alto nivel de
resisténcia, conferiu 0 mais alto custo bioldgico.

Em um estudo sobre a resisténcia a INH, foi ingadb o papel de diferentes
mutacdes que conferem resisténcia a essa drogaansmissdo deMl. tuberculosis
(Gagneuwxet al., 2006a). Foi concluido que somente cepas comtagdm S315T erkatG
ou mutacdes fora desse gene conseguiram causarseeamdarios. Esse resultado salienta
que mutacdes distintas que conferem resisténaiiogms podem ter efeitos varidveis no
fitness da cepa e na sua transmissao (Gagneux, 2009).

Em outro estudo com esse mesmo antimicrobianogdaoonstrado que a perda
completa da atividade de KatG em cepas clinicamesistentes a INH € associada com
significante diminuicdo dditness e que mutacdes compensatérias no gaEpe irdo
ocorrer com o tempo, a fim de restaurafitoess dessas cepas (Bottger and Springer,
2008).

A mutacao mais encontrada em cepas clinicas nekg&@, S315T, parece nao ter
mais a capacidade de ativar a INH enquanto mantatividade de catalase. Essa mutacéo
é selecionada favoravelmenie vivo, pois ela causa resisténcia a INH, enquanto gera
somente uma reducdo minima fitness. Neste estudo em particular, foi demonstrado ser
virulenta em modelo animal da doenca, indicando wua perda significante rfttness
bacteriano parece ndo acontecer quando a cep@ajaressa mutacao (Pwral., 2002).

Quando isolados resistentes a STR foram estudtmloigmonstrado que 89 dos 90
isolados deM. tuberculosis mutados no cédon 43 dpsL tinham a mutacdo AAGAGG,

que € uma mutacdo classificada como sendo nadivestfapresenta propriedades
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virulentas inalteradas determinadas experimentakmarvivo) enquanto quen vitro esse
tipo de mutacdo ocorre quase na mesma frequéneiangtacoes restritivas (apresentam
viruléncia atenuada) (Bottgeral., 1998).

Foi avaliado se uma mutacéo epsL poderia estar associada com custo biolégico
em laboratdrio. Para isso foram feitos 10.000 nggsgseriais em meio sem STR e com
glicose limitada, utilizado um isolado &ecoli. Apés, foi feito também o sequenciamento
de DNA e foi comprovado que a sequéncia do gpde do ancestral e do isolado depois
de 10.000 geracdes eram iguais (mutacao no codiys4r) (Schraget al., 1997).

A ocorréncia de mutagbes sem custo biologico eaduedo compensatéria de
bactérias resistentes as drogas fez com que isotadstentes ndo desaparecessem como
um resultado do uso restrito de antibioticos, pddeestes, persistir na populacédo por um
longo periodo, mesmo apds o0 uso de antibidticoseserzido ou eliminado (Mariaet al.,
2004).

Alguns estudos tém revelado que diferentes linmg@dem influenciar Gtness
dos isolados dé/. tuberculosis. Toungoussovat al. (2004) estudaram o crescimeto
vitro de cepas resistentes e ndo a RIF e observaraaigyueas cepas resistentes a RIF do
gendtipo W-Beijing apresentam um crescimento raeftuzém comparacdo as cepas
sensiveis as drogas enquanto outras cepas resssgRIF cresciam tdo bem quanto as
sensiveis e as cepas sensiveis as drogas do g@enddip-Beijing foram as que
apresentaram o menor custo biolégico. Em um estodocepas brasileiras da linhagem
LAM, foi descrito que as cepas com o genotipo LANham uma taxa de crescimento
mais rapido do que cepas nao pertencentes a aksgdm, ndo-LAM (von Grokt al.,
2010).

A TB-MDR € uma grande ameaca para a saude humat@deno mundo. Segundo
Billington et al. (1999), que estudou o custo fisiolégico da res@e a rifampicina
induzidain vitro em M. tuberculosis, os isolados resistentes encontrados tinham sement
uma modesta diminuicao fibness e, provavelmente, viveriam bem no ambiente.

Em suma, os resultados de estudos experimengdizados com cepas resistentes a
RIF, INH e STR sugerem que, em isolados clinicriste uma forte presséo seletiva que
favorece mutacdes que conferem resisténcia as slegme causam o minimo de custo

bioldgico ou que diminuem poucditness (Borrel and Gagneux, 2009).
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Além de estudos experimentais, abordagens tedéoassido usadas para estudar
as bactérias resistentes aos antimicrobianos. Esi@tedricas sugerem quditmess dos
isolados resistentes as drogas € um dos princp@@metros que ditam o futuro das
epidemias de tuberculose MDR e XDR (Borrel and ®@agn2009). Modelos matematicos
tém sido construidos para um melhor entendimeriioesa dindmica de transmissdo da
TB, para uma previsdo de futura epidemia de TBst&sie as drogas e para 0 correto
desenho de programas publicos de saude (Lugtiahi 2009; Cohen and Murray, 2004).

JUSTIFICATIVA

Os avancos cientificos e tecnoldgicos ainda n@anfocapazes de erradicar ou
mesmo controlar a TB, fazendo com que esta enfadrigermaneca como um importante
problema de salde publica no século XXI. Aliadogaadro epidemiolégico grave, o
namero de casos de TB causados por cepdd.deberculosis resistentes a multiplos
antibioticos vem crescendo em todo o mundo, ameacado apenas o controle dessa
doenca como prenunciando um futuro ainda maisildific

Estratégias de controle como vacinas, métodos dgndstico e regimes de
tratamento, precisam ser melhoradas, o que passassagiamente pelo melhor
conhecimento da biologia do bacilo e suas pecdades.

Alguns modelos matematicos estimam que o futuroepg@lemia de isolados
resistentes as drogas sera influenciado pelo tisltagico determinado pela resisténcia. A
validacdo destas estimativas dependem de expeomgue avaliem no campo da biologia
as idiossincrasias dos microrganimos. Entender alogi@ da resisténcia aos
antimicrobianos € essencial para a elaboracdoaggmmas racionais visando preservar o
tempo de vida efetivo dos farmacos.

Este estudo visa aprofundar o conhecimento sobraliferentes mutacbes e
gendtipos que ocorrem em isolados clinicos brasdeleM. tuberculosis e seus efeitos no

fitness destas cepas.
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OBJETIVOS

O objetivo principal desse trabalho foi verificeg isolados com mutagbes nos
genesrpsL, rrs, gidB, rpoB e katG apresentam alguma vantagem adaptativa quando
comparados com isolados que apresentam mutacOescquem em menor frequéncia e
com isolados sem mutagdes. Para que esse objesise &lcancado foram selecionados 76
isolados resistentes a estreptomicina e/ou rifamgipelo método das proporcdes e 30
isolados sensiveis a todas as drogas de primeira, [pelo mesmo método, do periodo de
2005-2006 pertencentes ao banco de amostras do NATE (Laboratorio Central do
estado do Rio Grande do Sul).

A partir da selecdo das amostras os objetivoscé&mes puderam ser alcancados.
Foram eles: analisar as sequéncias dos ggsesrrs e gidB dos isolados, genes esses
relacionados com a resisténcia a estreptomiciraisan a sequéncia da regidat-spot do
gene relacionado com a resisténcia a rifampicipeB; sequenciar o geri@tG em alguns
isolados selecionados e resistentes a isoniazidéisar o nivel de resisténcia as drogas de
primeira linha: rifampicina, isoniazida e estreptoma, segundo o método REMA;
analisar o nivel de resisténcia as drogas de saglinda: ofloxacina, capreomicina,
kanamicina nos isolados MDR, segundo o método REb®bImparar os gendtipos dos
isolados utilizandaspoligotyping e PCR LAM especifico. Esses foram os objetivos mais
basicos, pois através desses resultados obtidmymileados isolados foram escolhidos
para participar das outras partes do estudo.

Os isolados que apresentaram as mutacOes desseeee cultura viavel foram
utilizados nos estudos subsequentes, que visavaheefitness, cumprindo os seguintes
objetivos: analisar a velocidade de crescimentocepas em placas e sistema MGIT960;
comparar ofitness entre os isolados mutados e ndo mutados; compafdness dos
isolados de diferentes linhagens; realizar compesic entre o0s isolados mais

representativos.
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RESUMO

As mutacOes relacionadas com a resisténcia gastreina nos genapsl e rrs
sdo bem conhecidas e podem explicar em torno de d@@%esisténcia fenotipica.
Recentemente, o gewgedB foi descrito como associado com baixo nivel dasténcia a
estreptomicina erivlycobacterium tuberculosis. Mutagcdes engidB tém sido descritas com
alta frequéncia, e esse gene parece ser bastaleohico, apresentando mutacdes
pontuais e de fase de leitura ocorrendo em cepadartes e sensiveis a estreptomicina.
Nesse estudo, mutacdes a@miB foram associadas com baixo nivel de resisténcia a
estreptomicina e ocorreram em 27% das cepas mgista estreptomicina sem mutacdes
nos genespsL e rrs. Entretanto, a associacdo de certas mutacOegiefn com a
resisténcia a estreptomicina ainda precisa sersiigagla, pois foram encontradas
mutacfes engidB em cepas sensiveis a estreptomicina. Isso ocsomente quando a
cepa era resistente a rifampicina e isoniazida.sDuatacdes especificas sdo muito
frequentes neste e outros estudos em cepas résistegensiveis a estreptomicina, essas
mutacOes ndo foram consideradas como relacionamasacresisténcia, mas como um
polimorfismo. As cepas foram estratificadas de @aoicom diferentes linhagens
filogenéticas e foi demonstrado que o polimorfisgidB16 (alelo 16G) estava presente
exclusivamente no gendtip@tin American Mediterranean, enquanto que o polimorfismo
0idB92 (alelo 92C) estava associado com a linha@efjing em outra populacdo. Na
amostra estudada, os dois polimorfismos de Unicdeatideo caracterizados podem

distinguir as linhagenisatin American Mediterranean e Beijing das outras linhagens.
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ABSTRACT

Mutations related to streptomycin-resistance ia rpsL and rrs genes are well
known and can explain about 70% of this phenotypsistance. Recently, tlggdB gene
was found to be associated with low level streptwmyesistance inMycobacterium
tuberculosis. Mutations ingidB have been reported with high frequency, and ¢eise
appears to be very polymorphic, with frameshift gooint mutations occurring in
streptomycin-susceptible and streptomycin-resistrdins. In this study, mutations in
gidB appeared in 27% of streptomycin-resistant strthas contained no mutations in the
rpsL or rrs genes and were associated with low-level streptomrgsistance. However,
the association of certain mutations grdB with streptomycin-resistance needs to be
further investigated as we also found mutationgidB in streptomycin-susceptible strains.
This occurred only when the strain was resistamiféonpicin and isoniazid. Two specific
mutations appear very frequently in this and o#tadies in streptomycin-susceptible and
resistant strains, these mutations were not coresides related to streptomycin-resistance,
but as a polymorphism. We stratified the strainsoeding to the different phylogenetic
lineages and showed that tielB*® polymorphism (16G allele) was exclusively presant
the Latin American Mediterranean genotype, while gtuB® polymorphism (92C allele)
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was associated with the Beijing lineage in anoffggulation. In the sample studied, the
two characterized single nucleotide polymorphismosild distinguish Latin American

Mediterranean and Beijing lineages from the othedges.

INTRODUCTION

Acquired drug resistance Mycobacterium tuberculosis arises from spontaneous
chromosomal mutations. Clinical drug-resistant tabksis (TB) occurs when these
genetic alterations are selected for during dise@sément. This can occur via erratic drug
supply, suboptimal physician prescription and peatient adherence (34).

The aminoglycoside antibiotic streptomycin (STRYsvthe first antibiotic used to
control TB. It interacts directly with the smalbdsomal subunit 16S rRNA and interferes
with translational proofreading, thereby leadingrtbibition of protein synthesis (14, 33).
Mutations associated with high-level STR-resistarmceM. tuberculosis have been
identified in the genes encoding ribosomal protei? ¢psL) and 16S rRNA 1(rs) (9).
However, mutations in these two genes explain afdgut 70% of the cases of STR
resistance in clinical isolates (22, 26), implyithgt there must be other loci involved or
another mechanism for STR resistance.

Recently, it was shown that mutations in the geneoding a 7-methylguanosine
(m7G) methyltransferasegifiB) specific for the 16S rRNA results in low-levell 8-
resistance (20). However, in clinical isolateshbf tuberculosis, mutations ingidB have
been observed in strains that are both suscejiiflgesistant to STR (20, 25).

Genotyping ofM. tuberculosis strains is useful to answer evolutionary questions
and for surveying its transmission dynamics in epitblogical studies (2). In addition,
molecular typing improves our understanding of basic biology of bacterial pathogens,
including differences in virulence and transmidgipiand the variable effectiveness of
vaccines (7). Spoligotyping is a PCR-based genntygechnique, which exploits the
variability of the direct repeat (DR) region M. tuberculosis (16). Since 1999, genetic
diversity databases have been organized foiMheiberculosis complex DR locus as an
attempt to analyze population structure and to sssgsbe complexity of global TB
transmission underlying the spatial and temporalwgion of the TB genetic landscape (3).
The accumulated data demonstrate that a few magades of conserved spoligotypes are
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well distributed throughout the world, whereas oshare specific for certain geographic
regions (3, 24).

Single nucleotide polymorphisms (SNPs) are the trmobust and appropriate
phylogenetically informative markers (7). Therefome recent years, some authors have
proposed SNPs in phylogenetic studies (2, 8, 1@neSSNPs have been linked to specific
M. tuberculosis phylogenetic lineages, such as a SNP inntgeC gene (R182H), which
can differentiate between Haarlem and non-Haarleeages (1), the variation in Rv2629
(N64A), which is found exclusively in lineages frdeijing (5, 13) and a SNP fiadD28
codon 507, which acts as a specific marker folBast Asia lineage (6).

In the present study, we investigated mutatiorthé@ygidB gene in clinical isolates
representative of the genetic diversity bf. tuberculosis to explore its possible
involvement in STR-resistance in strains from seuthBrazil. Furthermore, we stratified
the strains according to the different phylogenéitieages and showed that thielB*®
polymorphism (16G allele) was exclusively presenthe Latin American Mediterranean
(LAM) genotype and that thgidB®? polymorphism (92C allele) was associated with the

Beijing lineage in another population.

MATERIAL AND METHODS

Strains. One hundred and siM. tuberculosis strains originating from the south of Brazil
were isolated between 2005 and 2006 at LACEN-RSif@keLaboratory of Rio Grande
do Sul State - Brazil), and 29. tuberculosis strains of Beijing genotype were acquired
from the collection at the ITM (Institute of TropicMedicine - Belgium).

MIC determination. The resazurin microtiter assay (REMA) was used [iC
determination (21). Briefly, 96-well plates werdlel with 7H9-oleic acid-albumin-
dextrose-catalase medium. Serial 1:2 dilutions dRS(125 pg/ml to 0.12 pg/ml),
rifampicin (RIF) (16 pg/ml to 0.03 pg/ml) and isamid (INH) (12.8 pg/ml to 0.01 pg/ml)
were performed in each column. The breakpoint tsatktermine STR resistance was an
MIC of >1 pg/ml; INH and RIF resistance was considered aihMIC of >0.25 pg/ml
(19).

DNA extraction and sequencing.DNA was isolated from mycobacterial cultures by a
lysozyme/proteinase K cetyltrimethylammonium broenigrocedure (28). A 306-bp

fragment of theM. tuberculosis rpsL gene (GenBank accession number L08011) and the
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530 (238 bp) and 912 region (238 bp) of thre gene (GenBank accession number
X52917) were amplified as described by Tracevska.€R27) and a 675-bp fragment of the
genegidB (GeneBank accession number AAK48404) was amglidie described by Spies
et al. (25). Amplification products were sequenaesing the ABI Prism 3100 DNA
sequencer (Applied Biosystems) and MegaBACE 1000AD&halysis system (GE
Healthcare Life Sciences). Nucleotide sequencese vasralyzed using the programs
PREGAP and GAP4 of the STADEN software package 1@10. Nucleotide sequences
with Phred values >20 were considered for analysis.

Genotyping. Spoligotyping was performed using a commercial (lsbgen Biosciences
B.V., The Netherlands) and according to the marufacs instructions. Spoligopatterns
obtained were entered in a binary format as Exmelagisheets (Microsoft, Redmond, WA)
and compared to the SITVIT database (http//wwweasguadaloupe.fr:0881/
SITVITDemo/) (3).

LAM-specific PCR. The strains were further characterized by a LAMesjic PCR to
classify strains that could not be assigned t#arnationally recognized genotype lineage
or to confirm the spoligotyping result. In this agsPCR primers identify the presence of
an 1$110 insertion (position 932204 according to the whol&’Rv genome sequence),
which is unique to all members of the LAM linead@). PCR amplification products were
electrophoretically fractionated in a 3.0% agarget at 85 volts for two hours. The
presence of a LAM strain was represented by a b&a2@5 base pairs, while a non-LAM

strain was represented by a band of 141 base (@&iys

RESULTS
Mutations in the rpsL, rrs and gidB genes and STR resistance

To analyze if mutations igidB gene were related to STR resistance, we compared
the mutations present in resistant and susceptibdéns with sequencing data frampsL
andrrs, genes known to be related to STR-resistance.

Among the 40 STR-resistant strains, ten highly S&ststant strains (MIEL25
png/ml) presented only the mutation in codon 43 (AABGG, K43R) of therpsL gene.
One strain highly resistant to STR presented a toutén codon 88 (AAG-AGG, K88R)
of therpsL gene and a mutation in codon 183 of théB gene (GCG>ACG, A183T),

while another strain highly resistant to STR camgdi a silent mutation in codon 81 of the
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rpsL gene (CTG-TTG, L81L), a frameshift mutation in codon 117 bégidB gene (350
nucleotide G insertion) and a mutation in posi®@3 of therrs gene (Table 1).

TABLE 1. Mutations inrpsL, rrs andgidB genes in resistant strains.

Phenotypic rpsL rrs gidB no. of STR
resistancé strains MIC
RHS
AAG—AGG, K43R - - 8 >125
AAG—AGG, K88R - GCG->ACG, A183T 1 125
CTG—>TTG, L81L 905 A-G 117 frameshift 1 125
(insG350)
- 513 C-T - 1 8
- 513 C-T - 1 72
- 491 C-T GCG>GAG, A200E 1 15
- 491 C-T - 1 8
- 491 C-T - 1 4
- - TGG>TCG, W45S 1 2
- - CCG—CTG, P84L 1 2
- - CAT—TAT, H48Y 1 4
- - - 6 2-8
HS
- 513 C-T - 1 31
- - GGT—CGT, G30R 1 15
- - TGC—-TGA C52stop 1 15
- 491 C-T - 1 8
- - AAC—ACC, N52T 1 4
S
AAG—AGG,K43R - - 1 >125
AAG—AGG, K43R - - 1 125
- 904 C-G - 1 125
- - GGG->GAG, G117E 1 72
- - 39 frameshift 1 8
(delC115)
- - TTG>TTT, L79F 1 2
- - CTA—CCA, L49P 1 8
- - GGG-TGC, G164C 1 8
- - - 3 2-8
Total 40

R, rifampicin; H, isoniazid; S and STR, streptoinyc

Three resistant strains presented a singleTGnutation in position 513 of the's
gene and one strain contained~G mutation in position 904. The-€T mutation in
position 491 of thers gene appeared in four low-level resistant strathege without
mutations in the other studied genes and one withutation in codon 200 of thgidB

gene (GCG>GAG, A200E) (Table 1). This mutation in positionl4@f therrs gene is also
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present in two STR-susceptible strains, one of whlso contains a mutation in codon 115
(GTG—GGG, V155G) of theidB gene (Table 2).

TABLE 2. Mutations inrpsL, rrs andgidB genes in STR-susceptible strains.

Phenotypic rrs gidB no. of strains  STR MIC
resistanc®
RH
- - 32 0.12-1.0
- 34 frameshift 1 0.5
(delG100)
491 C-T GTG->GGG, V115G 1 <0.12
- CCG-CTG, P84L 1 1
- CCG—CGG, P93R 1 1
- TCT-TTT, S100F 1 0.25
H
- - 2 0.5
Susceptible
- - 26 <0.12-1.0
491 C-T - 1 1
Total 66

®R, rifampicin; H, isoniazid; S and STR, streptonmyci

Ten strains with low-level STR-resistance presgtiéferent mutations in thgidB
gene (TGG-TCG, WA45S; CCG>CTG, P84L; CAT-TAT, H48Y; GGT-CGT, G30R;
TGC—TGA, Cb2stop; 51 AAG>ACC, N51T; 39 frameshift; TT&STTT, L79F;
CTA—CCA, L49P; 164 GGSTGC, G164C) and one with intermediate level resista
presented the mutation GG&5AG, G117E (Table 1). Nine STR-resistant strains
presented no mutations in the fragments of the gshadied (STR-MIC from 8 until 2
pa/ml).

Of the 66 STR-susceptible strains, 60 did not gmesny mutation in the DNA
fragments of the studied genes. Six strains predemiutations, five of which contained
mutations in thegidB gene (34 frameshift; CCGCTG, P84L; CCG>CGG, P93R,;
TCT—-TTT, S100F; GTG-GGG, V115G). Additionally, all five of the straim®ntaining
gidB mutations were RIF and INH-resistant (Table 2).sceptible strain had mutations

in therpsL gene.

Highly frequent gidB*® polymorphism and LAM lineage
Apart from the severaidB mutations that appeared in single strains (Tablasd
2), one particular mutatiojdB*® (CTT—CGT, L16R), appeared frequently (n=63, 60%)
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in this study population and was identified in Zbistant and 39 susceptible strains.
Therefore, this mutation was not considered as t&tion related to STR-resistance, but as

a polymorphism and was not included in Tables 1Zand

TABLE 3. Spoligotyping of the strains agidB*® polymorphism.

Spoligotyping lineage LAM-specific PCR no. of isolates 16G allele 16T allele
H1% Non-LAM 2 - 2
H2 Non-LAM 1 - 1
H3 Non-LAM 10 - 10
S Non-LAM 2 - 2
Tl Non-LAM 4 - 4
T1 (T4-CElancestor?) Non-LAM 4 - 4
T2 Non-LAM 1 - 1
T3 Non-LAM 2 - 2
T5_MAD2 Non-LAM 5 - 5
X1 Non-LAM 1 - 1
X2 Non-LAM 1 - 1
LAM1°® LAM 9 9 -
LAM2 LAM 8 8 -
LAM3 LAM 4 4 -
LAM3 and S /convergent Non-LAM 1 - 1
LAM4 LAM 3 3 -
LAM5 LAM 14 14 -
LAM6 LAM 3 3 -
LAM9 LAM 12 12 -
u° 6 LAM 10 6 -
4 Non-LAM - 4
No SIT in SpolDB4 4 LAM 9 4 -
5 Non-LAM - 5
Total 106 (100%) 63 (60%) 43 (40%)

8, Haarlem:"LAM, Latin-American-MaditerranearfU, unknown:°SIT, Shared

International Type; SpolDB4, Spoligotyping Data 8ds

The presence of this polymorphism was comparedrdot to the distribution of
spoligotype lineages, and we observed a very stemsgciation between 16G allele and
the LAM lineage (Table 3). To confirm this, all atns were analyzed using a LAM-
specific PCR test.

Of the 54 strains that had the spoligopatternrdeteed as LAM, 53 presented the
16G allele and were confirmed by the LAM-specificR®test. One strain that belongs to
the LAM3 and S /convergent sublineage had a 16@&lealin gidB gene and was not
considered to belong to the LAM lineage by the LApEcific PCR (Table 3).

49



All strains belonging to the Haarlem, T, S, antinéages were considered as non-
LAM by the LAM-specific PCR test and contained #&T allele ingidB gene (Table 3).

From the ten strains belonging to the Unknowndges six were classified as LAM
by the LAM-specific PCR test and all six also prasd the 16G allele. Nine strains
presented no shared international type (SIT), aun 6f them also had the sargielB®
polymorphism (16G allele) and were identified asM.Ay the LAM-specific PCR test
(Table 3).

Polymorphism in gidB®? and Beijing family

Interestingly, previous reports identified a difet gidB mutation that appears
frequently within a population. According to Via at (29), the majority of the isolates
studied (85%) contained an A-C SNP at nucleotid® @ZAA—GAC, E92D). According
to Okamoto et al. (20), the majority of the clidicsolates studied (70%) had this same
polymorphism E92D, and they did not consider thigration to be related to STR
resistance.

This polymorphism was not found in our Brazilisangple, and because there is a
different distribution of lineages around the worlde decided to test the possible
relationship of this polymorphism with the Beijiggnotype. We sequenced tidB gene
in 22 Beijing strains to better understand thig@ation and found that all of these strains
had the 92C allele in thgidB gene (GAA-GAC, E92D) as well as the 16T allele.
Consequently, they were classified as non-LAM sgaand confirmed the relationship of

the gidB** polymorphism with the Beijing genotype.

DISCUSSION

Genetic resistance to anti-tuberculosis drugsuis @ spontaneous chromosomal
mutations because no mobile genetic elements, auphasmids or transposons, have been
characterized irM. tuberculosis. Therefore, it is of critical importance to detenmithe
mutations related to STR-resistance.

Mutations associated with STR-resistancerpaL and rrs are well known. For
example the mutation in codon 43 opsL (found in ten strains in this study) is the most
frequent mutation associated with high level STRstance (4, 10, 26), while the mutation

at position 491 ofrs (found in 4 strains in this study) is not relatedSTR-resistance (30,
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31). However, mutations in thgidB geneof M. tuberculosis possibly related to STR
resistance have been described in other studie2%2@9).

In this study, we analyzed 10d. tuberculosis clinical isolates from Brazil and
found that 18% (19/106) had mutationsgialB (without the L16R polymorphism). Only
three resistant strains had also mutations in ofjlea@es associated with STR-resistance.
Eleven of 40 STR-resistant strains (27%) had mutationly ingidB; ten had a low level
of STR-resistance and one had intermediate resesta@ccording to other reports (22, 26),
approximately 30% of STR-resistant strains lack atiahs inrpsL or rrs. In our study,
gidB mutations may explain 27% of strains that weststant to STR without mutations in
rpsL or rrs. However, nine strains (22%) considered STR-rasishad no mutations in
rpsL, rrsorgidB.

We found five STR-susceptible strains with mutagiangidB that occurred only in
RIF- and INH-resistant strains. NjgdB mutation was observed in fully-susceptible sgain
Okamoto et al. (20) came to the same conclusgB mutations in STR-susceptible
strains occurred in 15/51 strains resistant to I&fdl RIF but in only one (1/24) fully-
susceptible strain.

Mutations ingidB have been reported frequently in other studidanito et al.
(20) reportedyidB mutations in 33% of STR-resistant strains. Spieal.et25) found that
73% of isolates presented nucleotide mutations 58advith low-level STR-resistance had
mutations only irgidB. In the study by Via et al. (29), 15 differentyraorphisms ingidB
from 21 isolates were described, including drugzeptble and -resistant strains.

In addition to being frequently mutatedidB seems to be very polymorphic.
Apparently, mutations are not present at consesited, with the exception of thgdB*®
and gidB%? polymorphisms, which are not associated with S&&stance. Taking into
account all published studies (20, 25, 29) and ¢tims, a total of 414M. tuberculosis
strains have been sequenced forgiti gene comprising strains from Japan (132), South
Korea (97) and Brazil (185).

The frameshift mutations at codon 14, 36 and &h egpeared in one susceptible
strain. The frameshift mutations at codon 34, 39, and 118 appeared in several strains
each, both in STR-resistant and -susceptible strdihe frameshift mutation at codon 40
appeared only in one resistant strain that contame additional mutations in the other

STR-resistance associated genes.
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Point mutations (substitutions) are more varidbén the frameshift mutations and
did not occur at conserved sites. Fifty-five diffiet point mutations have been found in the
gidB gene. Forty-three of them occurred only once:irRlsusceptible strains (L35R,
W45R, V65A, V66M, L74S, V74A, V77A, R83L, P84R, RB4P93R, P93Q, S100F,
V115G, R116P, R118C, D132V, R137G, V139M, A183E88W), 10 in resistant strains
with mutations inrpsL and/or rrs (E40stop, R47Q, 155S, E57stop, R96R, E103stop,
L128S, K147T, A183T, V188G) and 12 in resistanaiss with no mutations in theosL
and/orrrs genes (G30R, W45C/V110V/W148R, W45S, H48Y, L49B1N C52stop,
D67H, P75S/V110V/A141A, P75A, G117E, G164C).

While investigating the evolution of drug-resistann the KwaZulu-Natal family
of M. tuberculosis, loerger et al. (15) reported a distigetlB mutation, a 130 bp deletion
(spanning amino acids 50-93 encompassing the SAWiti site) that causes a frameshift
in the C-terminal remainder, which they presumeddmpletely abrogate the function of
the protein. This deletion was found in both dragistant (MDR and XDR) and in one
STR-susceptible strain.

It will be necessary to sequence more clinicalai®s ofM. tuberculosis to better
understand the role afidB gene mutations in STR-resistance, thus, allovangiore
accurate identification of mutations relevant farRSresistance. NeverthelegsdB gene
mutations appearing in STR-resistant strains wadhadditional mutations in other genes
seem to be associated with low-level resistanc®TiB. Low-level antibiotic resistance is
frequently required as an initial step for the egaece of high-level resistance. If the
bacterial population is not killed effectively bygiaven antibiotic, the cells will remain
under stress, and this may increase the mutatter(18).

Okamoto et al. (20) found that 70% (93/132) afiickal isolates had the amino acid
substitution E92D imgidB. We previously found the L16R substitution in 4938/79) of
clinical isolates (25). Via et al. (29) found 85%3(97) of isolates containing a point
mutation in E92D ogidB.

Taking all this into account, we can observe thmtlymorphism gidB%
(GAA—GAC, E92D) was found more frequently among straiream Asia and
polymorphismgidB® (CTT—-CGT, L16R) was very frequent among strains fromzBra
According to Brudey et al. (3), Beijing and BeijHige strains represent about 50% of the

strains from Far East-Asia (such as Japan and SKaotka), and the LAM lineage
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corresponds only to 5% of the strains. In South Acag about 50% of the strains belong
to the LAM lineage, and the Beijing genotype isharobserved. In Brazil, only 0.8% of
the strains have been reported as Beijing gendBge

We have successfully characterized two SNPs that distinguish LAM and
Beijing lineages. All strains belonging to LAM liage by LAM-specific PCR had the
SNPs in codon 16 (G allele) and codon 92 (A allefgjidB indicating their belonging to
the LAM and non-Beijing lineages. Similarly, all iBeg strains characterized by
spoligotyping had the SNPs in codon 16 (T allele aodon 92 (C allele) igidB; thus,
they were classified as non-LAM/Beijing strains.wéver, since we have analyzed only
samples from Brazil and Asian countries, it will ipe@portant to extend these studies to
samples from other geographic regions.

One strain gave discordant results; it was cleskihs LAM3 and S/convergent
sublineage by spoligotyping, but as non-LAM by th&M-specific PCR and bygidB*®
polymorphism. Spoligotypes evolve through successoss of spacer DNA sequences
(16), and since lineages are defined by spaceerpaitthe independent loss of similar
spacers sets can lead to the convergent evolutispaligotypes (32). This is problematic
because not all strains may truly represent thesigthed spoligotyping lineage (11). This
may explain the discrepant result found in thisdgtundicating that a convergence of
spoligotype may have occurred. The same has beemnted by Gibson et al. (11) where
strains classified as LAM by spoligotyping were sioiered as non-LAM by LAM-specific
PCR and SNP analysis.

When some spoligotyping patterns could not begassi to an internationally
recognized genotype lineage, we were able to diffigite these strains as LAM or non-
LAM by the gidB*® polymorphism and LAM-specific PCR, indicating tretdoligotyping
alone is not always the best method to differeatisM strains.

In conclusion, we have described two SNPs ingiu® gene that allowed us to
distinguish LAM and Beijing lineages from the otHareagesin M. tuberculosis. The
previously reported association of certain mutaiongidB with resistance to STR needs

to be further investigated.
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RESUMO

A aquisicdo de resisténcia aos antimicrobianos bactérias € frequentemente
associada com uma perdafdeess, enquanto algumas cepas com mutacdes de baixo ou
nenhum custo tém sido relatadas. No presente estudasaio de redugao quantitativa
resazurina foi escolhido para estudditress de isolados dd. tuberculosis com mutacdes
nos genegpsL, rpoB e katG e diferentes perfis de resisténcia, através daeasude
crescimento. Foi possivel observar que algumassocggsceram mais lentamente do que
as cepas sensiveis, como as cepas com mutacoemneopgB, mas ndo em S531L, e
cepas com mutacbes em todos os genes estudadossaw rtempo. Por outro lado, as
cepas com a mutacdo no codon K43Rmkk cresceram mais rapidamente que as cepas
sensiveis. Cepas com mutacbes no codon S3déTkatG apresentaramfitness
heterogéneos. Algumas cepas com as mutacdes rgat@315, rpoB531 e
rpoB531/katG315 cresceram mais rapidamente do quetdia para as cepas sensiveis
quando as cepas foram analizadas individualmergsteNirabalho foi demonstrado que
algumas cepas com as mutacdes mais frequentegonaldas com a resisténcia em alto
nivel a estreptomicina, a isoniazida e rifampicpwem crescer tanto quanto ou até

melhor do que a média para as cepas sensiveis.
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SUMMARY

The acquisition of drug resistance in bacteriafien associated with a loss in
fitness, while some strains with low- or no-costtations have been reported. In the
present study, the quantitative resazurin reducgsay was chosen to study fitnes$/lof
tuberculosis isolates with different mutations in thgsl, rpoB, and katG genes and
different resistance profiles, through growth cuvié was possible to observe that some
strains grew slower than the susceptible straimgha strains mutated npoB but not in
S531L and strains with mutations in all genes swidit the same time. On the other hand,
strains withrpsL K43R mutation grew better than the susceptiblaiss. Strains mutated
in katG S315T presented heterogeneous fitness. Somensstigith the mutations
rpsL43/katG315, rpoB531, andrpoB531katG315 grew faster than the average for the
susceptible strains, when we analyzed strain anstHere we showed that some strains
with the most frequent mutations related with higkel streptomycin, isoniazid and
rifampicin resistance, can grow as much as or dvetter than the average for the

susceptible strains.
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1. Introduction

Tuberculosis (TB) is considered as multidrug tesis (MDR) disease when
Mycobacterium tuberculosis bacilli is resistant at least to rifampicin (RI&hd isoniazid
(INH) drugs, the two main first-line drugs used fid treatment. The resistance to these
two drugs obliges the administration of less effegtmore toxic, and more costly drugs.
The molecular mechanisms of resistance have bemidated for many antituberculosis
agents. Isolates have been shown to become rdsistzentially through mutations
occurring spontaneously at low frequency in chroonual genes. In clinical practice, they
are selected as a result of inadequate therapegiimens or patient failure to comply with
adequate treatmeft.

INH is the most widely used first-line anti-TB dxuand mutations in tha&atG gene
is the main mechanism of INH resistankatG S315T mutation is the most common in
INH-resistant strains, accounting for 50-95% of Hsistant clinical isolates® Several
studies have shown that RIF-resistance is due t@atroos in a defined region of the 81
base pair (bp) of thepoB gene, which encodes tlfiesubunit of the RNA polymerase.
Mutations in this region are found in about 96%RbF-resistantM. tuberculosis strains
recovered globall§> Another first-line drug used in the TB treatmestsireptomycin
(STR), and high level STR-resistance strains ptesertations in thepsL gene which
encodes the ribosomal protein $12.

The acquisition of drug resistance in bacteriaroftarries a biological cost. This is
because antibiotics generally target essentiahljigonserved genésAlthough drug-
resistant strains often suffer an initial reductionfitness, they continue to evolve by
acquiring one or more secondary-site mutationsdhatimprove or even restore the fithness
over time! Furthermore, although the acquisition of drugsiesice determinants is often
associated with a loss in fitness, some straink i@iv- or no-cost mutations have been
reported. For example, the most frequent mutatiorrpsL gene related with STR-
resistance, the mutation in codon 43 of thgt. gene® the mutatiorkatG S315T° and the
mutationrpoB S531L were described as having a relative fitrggsater than or equal to
1.0, which is considered the fitness of the susikepstrain®®

As cited above, most of the fitness studies amegdly realized considering a
mutation related with drug-resistance in one gdreetane, and only a few fitness studies

have taken into account the possible variable &ffet cumulative mutations in different
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genes at the same time on TB fitness. The aimisfdtudy was to compare the growth
curves, measured by spectrophotometric quantiinatf resazurin reductichin 21 MDR
M. tuberculosis isolates with different mutations in thpsL, rpoB, andkatG genes and 3

susceptible isolates from southern Brazilian TBeguas plus the reference strain H37Rv.

2. Material and methods

Strains - Twenty-one MDR (nine also STR-resistalt)tuberculosis strains with different
mutations in the genepsL, rpoB, andkatG and 3 susceptible strains from TB patients in
southern Brazil (LACEN-RS- Rio Grande do Sul censtate laboratory collection) were
selected to this study. Strain H37Rv was used fsemce strain. Th&l. tuberculosis
strains with the respective resistance profile gewe mutations are in the Table 1.

MIC determination - Resazurin microtiter assay (REMA) was used folCM
determinatiort? Microplates were filled with 7H9 plus 10% oleicid@lbumin-dextrose-
catalase (7H9-OADC) medium. Serial 1:2 dilutionsSaR (125 pg/ml to 0.25 pg/ml), RIF
(16 pg/ml to 0.03 pg/ml) and INH (12.8 pg/ml to D.Aag/ml) were performed in each
column. The breakpoint to determine STR resistamae a MIC of 1 pg/ml and for RIF
and INH was 0.25 pg/nif

DNA Extraction and sequencing- DNA was isolated from mycobacterial culturestbg
lysozyme/proteinase K cetyltrimethylammonium broenjitoceduré? A 306 bp fragment
of theM. tuberculosis rpsL gene was amplified as described by Tracevska'8wsing the
primers SM1-CCAACCATCCAGCAGCTGGT and SM2-
ATCCAGCGAACCGCGGATGA. The hot spot fragment of ttmwB gene (157 pb) was
amplified as described in Telenti et “al.using the primers RF1-
GGTCGCCGCGATCAAGGAGT and RF2-TGCACGTCGCGGACCTCCAdathe 232
bp fragment of théatG gene was amplified as described in Dalla Cost etising the
primers KatG1-CATGAACGACGTCGAAACAG and KatG2-
CGAGGAAACTGTTGTCCCAT. Sequencing was performed e tABI Prism 3100
DNA sequencer (Applied Biosystems). Nucleotide seges were analyzed using the
programs PREGAP and GAP4 of the STADEN softwarekgge ver. 10.0. Nucleotide
sequences with Phred values >20 were considereah#dysis.

Genotyping - Spoligotyping was performed using a commercitl(lsogen Biosciences

B.V., The Netherlands) according to the manufactumestructions. The Shared
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International Types (SITs) and families were idei according to the SpolDB4.The
strains were further characterized by a LAM-spedfCR to classify strains that could not
be assigned to an internationally recognized ggmtyeage. In this assay, PCR primers
identify the presence of an@810 insertion, which is unique to all members of theMLA
lineage'” PCR amplification products were electrophoreticaltactionated and the
presence of a LAM strain was represented by a b&2@5 base pairs, while a non-LAM
strain was represented by a band of 141 basepairs.

Fitness measurement The fithess was measured by the growth timehefdtrains as
indicated by resazurin reduction by mycobacterial etabolism quantified
spectrophotometrically. The subcultures of theistravere made 21 days before the test in
Léwenstein-Jensen medium. The inoculum was prepasetbllowing: McFarland tube
No. 1 in autoclaved water and diluted 1:20 in 7HRBGT (oleic acid, albumin, dextrose,
and catalase) medium (Becton Dickinson, USA). Tlagepwas filled with 100 pl of 7H9-
OADC medium in each well that will receive a inaoul plus the negative control
(resazurin control), after that 100 ul of each ilom were added in triplicate (in three
different wells) and the plate was sealed and iatedbat 37C for 48 hours. Then 30 pl of
the resazurin 0.02% was added and the plate retuméhe incubator and the readings
were performed every 12 hours for 7 days at 620using a plate reader (TECAN
Spectrum Classic). All tests were done in the samek with the same prepared reagents
as 7H9 medium and resazurin. For the growth cuneeaverage of the optical density
(OD) of the triplicate for the same inoculum wakakated and diminished of the average
for the negative control wells and compared in fiorcof time (h). The fithess of each
strain was estimated for two parametétke length of the lag phase was determined from
the time of starting the incubation until reacharg OD of 0.2 and the growth index was
the time needed by each strain to reach an OD4o$tarting at an OD of 0.2. This time
was calculated from the growth curve considerirgg #il strains were in the logarithmic

phase of growth between the two OD values.
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Table 1. The resistance profile to RIF, INH and StiRatation in the'psL, rpoB andkatG

genes and the spoligotyping lineage in the strsiindied.

strain no. resistante mutatior? lineage
500201 MDR+S rpsL43/katG315 T5_MAD2
500270 susceptible susceptible LAM1
500281 MDR+S rpoB531/katG315 LAMS
500294 MDR+S rpsL43/katG315 LAM
500425 MDR+S rpoB531/katG315 H1
600007 MDR rpoB531/ katG315 LAM9
600599 MDR rpoB531 LAM9
600726 MDR+S rpoB531/ katG315 LAM5
621042 susceptible susceptible T3
621044 MDR rpoB531/ katG315 LAMS
621047 MDR+S rpsL81/rpoB526Y/ katG315 H3
621049 MDR rpoB531/ katG315 LAMS
621052 MDR+S rpsL43/rpoB531/ katG315 T5_MAD2
621087 MDR rpoBins516/ katG315 LAM
621113 susceptible susceptible LAM2
621164 MDR rpoB531/ katG315 LAMS
621172 MDR+S rpsL43/rpoB526Y/ katG315 T5_MAD2
621173 MDR+S rpsL43/rpoB531/ katG315 LAM6
621192 MDR rpoB526P/ katG315 NAO LAM
621230 MDR rpoB531/ katG315 LAMS
621241 MDR rpoB531/ katG315 LAMS
621242 MDR rpoB531/ katG315 LAMS
621257 MDR rpoBins516/ katG315 LAM
6001061 MDR rpoB531/ katG315 LAM5

4 MDR- strain phenotypic resistant to INH and RIFDRI+S- strain phenotypic resistant to

RIF, INH and STR® rpoB - TCG-TTG, S531L; CAG>TAC, H526Y; CAG-~CCC,
H526P and ins 516 CCAGAACAACCEpsL - AAG—AGG, K43R and CTG>TTG,

L81L; katG- AGC—ACC, S315T.

3. Results

Molecular characterization

From the 24 strains, three were classified aseqide and without mutations in
the sequenced genes. From the other 21 strairswere resistant to INH, RIF and STR
(MDR+S), four had mutations on these three gengsL81/rpoB526Y/katG315;
rpsL43/rpoB531/katG315; rpsL43/rpoB526Y/katG315sL43/rpoB531/katG315), three
had mutations only impoB andkatG (rpoB531/katG315) and two had mutations only in
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the rpsL and katG genes (rpsL43/katG315). Twelve strains were tasisto INH, RIF
(MDR), eight had the same mutation (rpoB531/katG3a&0other two also had the same
mutation (rpoBins516/katG315), one had the mutaf{rpoB526P/katG315) and another
one had mutation only inpoB (rpoB531) (Table 1). The mutations foundrpoB are
TCG—TTG, Sb531L; CAG-TAC, H526Y; CAC-CCC, H526P; and ins 516
CCAGAACAACCC; inrpsL are AAG—AGG, K43R and CTG>TTG, L81L and inkatG

is AGC—ACC, S315T.

Of the strains studied, 17 were classified by igtyping and LAM specific PCR
as belonging to Latin American-Mediterranean lireggub lineages: three LAM, one
LAM1, one LAM2, nine LAM5, one LAMG6, and two LAM9and seven were classified as
non-LAM (sub lineages: three T5-MAD2, one Haarlemmde Haarlem3, one T3, one non-
LAM) (Table 1).

Biological cost

The length of lag phase and the growth index fbstaains studied are given in
Figure 1. In order to compare the growth of différstrains we separated the strains in
groups and compared the average of the differentpgr (Table 2). When we compared the
length of lag phase among the susceptible, MDR4#EMIDR, the MDR strains presented
a faster growth than the susceptible and the MDRAgh was the slowest. Comparison
of the growth index showed that the susceptibl@irstrhad the faster growth, followed by
MDR and MDR+S.

After we separate the strains according to theatiarts found in the genepsL
andrpoB. The mutation in th&atG gene was not analyzed in this moment becausesalmo
all strains had the sami@tG S315T mutation (20/21) and these strains had variable
mutations in other genes and, in consequence gadgeineous fitness.

When strains with different mutations were comgatbe lag phase was shorter in
strains mutated impsL K43R, followed in order by: strains mutated ripoB S531L,
susceptible strains, strains mutatedpoB not in S531L, and lastly the strains mutated in
both genes that had the longest lag phase. Thetlyiodex for these groups shows that
the faster group was again strains with mutationpsL K43R, but now followed in order
by susceptible straingpoB S531L mutated strains, strains mutatedpoB but not in

65



S531L, and lastly the strains with mutations in entiran one gene had the slowest growth
index (Table 2).

1pSL43/poB531/ katG315 [— 60 o
rpsL43/rpoB526/ katG315 h 23 1 82
rpsL43/rpoB531/ katG315 h 11 1107

rpsL8L/rpoB526/ katG315 *_.2;‘ 61
rpoB531/ katG315 _ 27 179
h 19

rpoB531/ katG315

175

|

rpoB531/ katG315 51

*rpoB531/ katG315* h 16 171
*rpoB531/ katG315* h 1> 167

rpoB531/ katG315 h 22 7

*1poB531/ katG315* h 13 168

rpoB531/ katG315

1100

31

!

rpoB531/katG315 1122 m growth index

181 @ length of lag phase

rpoB531/katG315
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rpoB531/ katG315 59

|

rpoBins516/ katG315 80

rpoBins516/ katG315 64

rpoB526/ katG315 33 186

*rpsL43/katG315* h 11 161
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*poB531* h 10 160
susceptible h 13 168
susceptible 67
susceptible _ 22 169
H37Rv h 15 1101
AVERAGESsusceptible h 18.8 176,3

[

50 100 150

W
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Figure 1. The growth index and the length of tlgp phase for each strain. *strains that
have the length of the lag phase and the growtkximalues lower than the average for the

susceptible strains.

The comparison of the average of the susceptibdéns with individual mutated
strains shows that the individual mutated straometimes had the length of the lag phase
and the growth index values lower than the averéwe the susceptible strains,
demonstrating that some resistant strains greverfasan the average for the susceptible
strains measured. This is the case of the straummted in rpsL43/katG315 (500294),
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rpoB531 (600599), rpoB531/katG315 (600726, 6210821164), these strains are
indicated in Figure 1.

The comparison between LAM and non-LAM straingaading to the length of the
lag phase, the average of the group of LAM stragash the OD of 0.2 in less time than

the non-LAM strains and the growth index is alnbst same for the two groups.

Table 2. Comparisons among different groups ofrera

length of lag phase growth index
comparison no. average st. deviation average siafien
susceptible 4 76.3 16.5 18.8 5.7
MDR+S 9 81.6 20.6 24.2 15.6
MDR 12 72.6 13.5 22.3 11.9
WT 4 76.3 16.5 18.8 5.7
rpsL43 2 70.0 12.7 13.0 2.8
rpoB531 12 76.0 19.2 194 7.3
rpoB rare 3 76.7 11.4 36.7 15.8
rpsL and rpoB 4 80.8 19.5 29.0 21.4
non-LAM 7 86.3 21.6 22.9 7.9
LAM 17 70.9 11.2 22.6 14.3

MDR- strain phenotypic resistant to INH and RIF; RES- strain phenotypic resistant to
RIF, INH and STR; WT- wild type, strain without nations in the studied genes.

4. Discussion

The spread of antimicrobial resistant strains ¢suoring despite the fact that
resistance could have biological cost. The costegitance are among the most important
factors determining both the rate and extent aétasce emergenc8.

In this study MDR strains, including also STR-stsnt, with the most frequent
STR, RIF and INH drug resistance-conferring mutatiavere selected, some of them
described as the most frequent in clinical stramsseveral studies. ThepsL K43R
mutation is the most frequently associated withhhigvel STR-resistant straifis? the
mutationrpoB S531L is one of the most frequent in clinical RéSistant strairfs*° and
the same occur witkatG S315T mutation that was described in some ssttmdpe related
with more than 90% of the resistant INH strairfS.

The strains are from different lineages as desdriby spoligotyping technique.
Seventy-one percent of the strains were classédgtelonging to LAM lineage and 29%
as belonging to other lineages, including T andri¢aalineages. These are the three main

lineages described for South America, LAM lineaging the most frequent®
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The length of the lag phase and the growth inde2d.dV. tuberculosis MDR and 4
susceptible strains, including H37Rv were compawd. analyzed the growth curves of
the strains using these two parameters and forthieastrains were separated in groups to
compare the average of these parameters for tferedif groups. The lag phase is the
period required for adaptation of the bacteriahirtnew environment when enzymes are
actively produced to metabolize novel nutrientg] #8me growth index is associated with
the capacity of the bacteria for reproduction. iahat are metabolically more active
reproduce more rapidly.

It was possible to observe that some strains Haidlagical cost, observed in both
parameters, as the MDR+S strains that grew slolaar the other groups, as well as, the
strains mutated impoB but not in codon 531 and strains with mutationsall genes
studied:rpoB, rpsL and katG at the same time. In a study about fitness in MiDRins,
was demonstrated that clinical isolates pay a phygical price for the development of
MDR resistancé! In the studies aboupoB gene the strains with mutations other than
rpoB S531L were reported as having a fithess thét.

In this study, on the other hand, we had strdias grew better than the susceptible
strains in the length of the lag phase that washe faster by strains with mutation in
rpoB S531L and rpsL K43R (this last one also reached the log phasterfathan
susceptible strains). In the same studies abpoB gene the mutation inpoB S531L
confers a relatively low fitness cost than theisgranutated irrpoB but not in S53112% 22

Here the strains MDR+S (nine strains) grew slotan the susceptible strains.
However, the MDR+S strains with the mutatiqgusL K43R (two strains, without mutation
in rpoB), had the opposite behavior. In a study on STd&tance it was found that 89
among of 90 clinical isolates of STR-resistdhttuberculosis had the mutation K43R in
the rpsL gene and that this mutation was linked to unattevirulence properties as
determined experimentally in amvivo model?®

The strains mutated katG S315T, presented heterogeneous fitness, becthese o
mutations were variable in the other genes studietithe most important is that when the
two parameters were analyzed among individuallyateat isolates with the average of the
susceptible isolates, it was found that some isslaiith the mutatiokatG S315T, but also
in other genes, grew faster than the susceptibdenst (1 strain: rpsL43/katG315 and 3
strains: rpoB531/katG315). It has been demonstrébetl a strain withkatG S315T
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mutation retains virulence in a mouse model of tablesis, and that this mutant produced
a functional catalase-peroxidase with enzymatidvidiels comparable to the wild-type,
while leading to only a minimal reduction in fitrse's

The results of other experimental studies performwéh strains resistant to INH,
STR or RIF suggested that, in clinical settinggréhwas a strong selection pressure for
drug resistance-conferring mutations that causénmairfitness defects.

The variable genetic background of strains belogpdo different strain lineages
could play a role in the fitness Bf. tuberculosis.” The strains from different lineages were
analyzed and the LAM strains showed a faster grawttine length of the lag phase but
they reach the OD of 0.4 in the same hours as mvi-ktrains. von Groll et &? studied
Brazilian samples using the same method to medkargrowth curves between LAM and
non-LAM strains and found that LAM strains had gnglicantly faster growth index
compared with non-LAM strains, but in this stud tstrains were susceptible, and only
one (1/40) MDR strain was studied.

The strains studied here are clinical isolatemfiTB patients and since the genetic
backgrounds of the organisms in this study areedfit and uncontrolled and the number
of strains examined was limited, the results mbstdfore be interpreted with caution.
Thus, possible genetic differences besides thet poitations in thepsL, rpoB andkatG
genes can also explain the growth parameters. Aswl rautations responsible for drug
resistance development that decrease growth atial fithess can be compensated by later
mutations that restore bacteria’s capacity for gho\

The important lesson these clinical and molecstadies teach us is that some
resistant organisms can spread over time due tatarah selection of strains without
biological cost. In order to prevent an epidemidVidR-TB we must take care to ensure
that all patients are diagnosed and effectivelyate® avoiding the occurrence and
transmission of resistant strains in the commufiity conclusion, if the outcome of the
drug resistance depends on the fitness of thetaasistrains, we need to know the fitness
of the strains spread in our population. Here wan&d based on the growth curves from
clinical strains that some strains with the mosetjfrent mutations related with no fitness
cost in other studies and high level SMR, INH arB Resistant can grow as much as or

even better than the average for the susceptitast
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RESUMO

Problematica: Em geral, € frequentemente assumido que cepastergsis as drogas
pagam um preco fisioldégico pela aquisicdo da r@sesd. Para estudarfidness, 78 cepas
de M. tuberculosis de pacientes do sul do Brasil dos anos de 2006-Z08am
selecionadas. As cepas sdo de diferentes linhagdagentes fendtipos de resisténcia e
diferentes genoétipos com mutacdes nos gepsls rrs, gidB e rpoB. Foram avaliados
mais de uma condi¢do: a curva de crescimento esgzionento em competicao.
Resultados: As cepas com a mutacdo K43R epsL cresceram sem diferenca da cepa
sensivel e as cepas com a mutagdo S531itpeBicresceram mais rapidamente do que as
cepas sensiveis na fase logaritmica. Nos ensai@®rdpeticdo, nenhuma cepa parental
competiu, a competicao foi realizada entre as cepagladas e, neste caso sempre a cepa
sensivel teve um melhéitness. Também foi estudado as diferentes linhagens,adelo
com curvas de crescimento, as cepas LAM cresceraiglantamente do que as ndo-LAM
na fase lag, mas a diferenca no indice de crestinméio foi estatisticamente significativa.
Durante as competicbes as cepas nao-LAM tiverans iG&U do que as cepas LAM,
assim cepas LAM poderiam ser mais frequentes etndérda adaptacdo a populacéo
brasileira e ndo por este gendétipo conferir umaagam sobre o crescimento de outros
genotipos.

Concluséo: Os resultados sugerem que a heterogeneidadiétness € em funcédo da
mutacdo que gera resisténcia aos antimicrobiantasnbém daobackground genético da
cepa. Nas cepas clinicas, houve uma pressdo selptiva mutacdes que conferem

resisténcia as drogas que causam diminuicdes nemofaness.
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Abstract

Background: In general it is often assumed that drug-resisttmins pay a physiological
price for the acquisition of resistance. In orderstudy the fitness, 78l. tuberculosis
strains from southern Brazilian patients from 2@0®6 were selected. The strains are
from different lineages, different resistance pligpes and genotypes with different
mutations in thepsL, rrs, gidB andrpoB genes. We evaluated more than one condition,
corresponding to the growth curve, and the growttompetition.

Results: The strains mutated irpsL K43R grew with no difference from the susceptible
strains and the strains mutatedpoB S531L grew faster than the susceptible strairtisen
logarithmic phase. In our competitions assays, rwemal strains competed, the
competition was made between the studied straiddrathis case always the susceptible
strain had a better fithess. We also studied tfferdnt lineages, and according to growth
curves the LAM strains grew slower than the non-LAMhe lag phase but the difference
in the growth index was not statistically signifitaDuring the competitions the non-LAM
strains had more CFU than the LAM strains, thus LA&ivhins could be more frequent
because of adaptation to Brazilian population anidbecause this genotype would confer
an advantage over growth of other genotypes.

Conclusion: Our results suggest that heterogeneity in fithess ifunction of the drug-

resistance mutation and the strain genetic backgroin clinical settings, there was a
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strong selection pressure for drug resistance-comfe mutations that cause minimal
fitness defects.

Background

Tuberculosis (TB) is still a serious disease worttbvwith impressive numbers.
According to World Health Organization (WHO), in(8) there were an estimated of 9.4
million incident cases of tuberculosis (TB) (equérd to 137 cases per 100,000
population) and an estimated 440,000 cases of 1thulg resistant TB (MDR-TB), which
Is resistant to the front-line drugs isoniazid (IN&hd rifampicin (RIF) [1]. By March
2011, 69 countries and territories, including Brabad reported at least one case of
extensively drug-resistant TB (XDR-TB), which iSgVMDR-TB with additional resistance
to fluoroquinolones and at least one of the sedmmd-injectable drugs (amikacin,
kanamycin and/or capreomycin) [2]. In Brazil theidence of tuberculosis was 87 cases
per 100,000 population and 72,000 new cases raportes country is in between the 22
high burden countries where 81% of the TB casesrddg.

RIF is a widely used first-line antimycobacterggent and acts by binding to
bacterial RNA polymerase and disrupting RNA synitheSlinical resistance to this agent
results from mutations in thr@oB gene, which encodes tResubunit of the bacterial RNA
polymerase [3]. Like other aminoglycosides, straptoin (STR) acts at the ribosome to
interrupt bacterial protein synthesis. Resistancgtteptomycin is due mainly to mutations
in the ribosomal protein gemesL and in the ribosomal RNA gemes [4]. More recently
mutations in th@idB gene have been described as related with STRtaese [5,6].

Once a mutation that potentially might render atib&otic resistance phenotype
has occurred, the bacterium carrying the mutatledeanust compete with the wild-type
ancestor bacterial population. The outcome of thepetition process depends on its
relative fitness, defined as the efficiency of nplitation of the mutant cell compared with
that of the wild-type ancestor population [7]. Iengral it is often assumed that drug-
resistant strains can pay a physiological costieracquisition of resistance [8]. The costs
of drug resistance are among the most importaribfaaetermining both the rate and
extent of resistance emergence [9].

The laboratory approaches to estimating the fitre#sdrug resistant TB include

measurement of growth rates, infectivity in aninmabdels, and ability to withstand
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specific challenges [10]. The costs of resistanee wsually measured relative to the
corresponding wild-type fitness in the absence raibéotics, when the resistant bacteria
have to compete with susceptible counterparts [9].

Genotyping of the strains is important to underdtag the diversity of bacterial
pathogens both for epidemiological and biologicahsons [11]. Recent studies have
suggested that there are at least six main stiraade ofM. tuberculosis associated with
particular geographic regions that have co-evolwéith and adapted to distinct human
populations [12]. These lineages may have shapetl salected different genetic
polymorphisms associated with host resistance ecip human populations [13]. In
South America, about 50% of the strains belonght® Latin-American-Mediterranean
(LAM) lineage [14]. In addition, the variable gemebackground of strains belonging to
different strain lineages could play a role in fiveess ofM. tuberculosis [15-16].

In this study we have evaluated the fithess ofgaiusceptible and resistalt.
tuberculosis strains from Brazilian patients. Fitness was aeteed by different methods
that assess the competitive growth capacity ofstreins and evaluate differences in the
growth curves obtained with the MGIT960 system.

Methods

Strains

Seventy-eighM. tuberculosis strains from different lineages and different ntiotas in the
rpsL, rrs, gidB andrpoB genes were selected from a collection of clinisalates from
LACEN-RS (Central Laboratory of Rio Grande do Stdt8&) southern Brazilian patients
from 2005-2006. TheM. tuberculosis strains with the respective resistance profile and

gene mutations are shown in the Table 1.

MIC determination

The resazurin microtiter assay (REMA) was usedMitl® determination [17] of STR (125
pg/ml to 0.12 pg/ml), RIF (16 pg/ml to 0.03 pg/naind INH (12.8 pg/ml to 0.01 pg/ml).
The breakpoint used to determine STR resistanceana®lIC of 31 pg/ml and_8.25
png/ml for RIF and INH resistance [18]. The MDR sisawere tested for three second line
drugs ofloxacin (OFL) 8-0.25 pg/ml, kanamicin (KARD-0.62 pg/ml, and capreomycin
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(CAP) 10-0.3 pg/ml, the breakpoint to this drugspectively was: 2 pg/ml; 2.5 pg/ml and

2.5 pg/ml [19].

Table 1. Genotypic and phenotypic profiles and ltesaf growth parameters.

mutatiofi growth parameters in hours
strain no. performed teéts resistance rpsL/rrs/gidB/rpoB spoligotyping 75 GU  10000-5000 GU
500193 Re susceptible - non-LAM 125 25
500201 DC RHS K43R/-/-/- T5_MAD2 165 20
500251 susceptible - H3 144 34
500270 susceptible - LAM1 142 29
500281 RHS -/513 C-T/-/S531L LAM5 134 17
500294 D RHS KA43R/-/-/- LAM 162 35
500425 D R HS -/513 C-T/-/S531L H1 158 18
521015 susceptible - LAM1 143 18
521068 HS -/513C-T/-/H526L LAM9 157 34
521099 susceptible - LAM1 125 22
521108 Re susceptible - H3 131 23
521121 D S K43R/-/-/- H3 139 26
521144 RHS -1-/-1S531L LAMS 146 40
521156 susceptible - T1 141 24
600007 RH -/-/-IS531L LAM9 159 30
600029 D RHK -/-/-/H526D LAM2 255 26
600031 Re susceptible - T1 127 25
600064 RH -/-/-IS531L LAM2 126 17
600066 RHSK -/-/P84L/S531L LAM4 121 26
600074 RH -/-/-IS531L LAM5S 162 12
600082 S -[-IG117E/- LAM9 161 25
600146 DC S KA43R/-/-/- LAM 171 14
600195 susceptible - T1 137 25
600254 susceptible - T1 121 25
600305 D RHS -/-/H48Y/D516V Tl 144 25
600313 D RH -/-/-1IS531W LAM9 250 36
600339 RHS K43R/-/-/Q510H and H526Y LAM®6 234 52
600356 C RH -/-/-IL533P LAM2 153 39
600382 RH --/-1S531L LAM2 148 21
600484 D RHSK -/-/A200E/H526D LAM 153 42
600525 RHK -/-/-IS531L LAM4 125 25
600599 RHK --/-IS531L LAM9 157 19
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600726
600730
600772
600793
600807
600811
600813

600853

600878
600954
600957
621001
621002
621009
621023
621031
621036
621042
621044

621047

621049
621052
621058
621078
621087
621108
621109
621113
621115
621118
621137
621161
621164
621169
621170
621172

Re
Re

Re C

DC

DC

Re C

DC
Re

RHS -/-1-/S531L LAM5
S -/-139 frameshift (delC115)/- non-LAM
susceptible - LAM1
RH -/-/-/S531L non-LAM
RHS -[-I\W45S/- LAM1
RHK -I-I-IH526Y LAM2
susceptible - T2
R H -/-134 frameshift on-LAM
(delG100)/H526L
susceptible - H3
susceptible - T3
S wt LAM9
RHS -/-I-/H526D LAM3
S wt H3
susceptible - LAM3
susceptible - non-LAM
S -/-ILA9P/- H3
susceptible - H3
susceptible - T3
R H -/-/-/S531L LAMS
RHS K L81L/905A-G/117
frameshift (insG350) /H526Y
RH -/-/-/S531L LAM5
RHS K43L/-/-/S531L T5_MAD2
RHS -/-I-IH526Y LAM9
RH -/-/-/S531L LAM5
RH -/-/-lins516 LAM
S -/-IG164C/- T1
H wt LAM2
susceptible - LAM2
RHSOK K43R/-/-/H526R T5_MAD2
RHK -/-/-/ID516Y LAM
HS wt LAM3
RHS K88R/-/A183T/ S531L LAM5
RH -/-/-/S531L LAMS
RHK -/-I-/H526D T1
S -[-IL79F/- LAM9
RHSK K43R/-/-/H526Y T5_MAD2

157
144
167
156
215
141
110

135

130
134
153
164
153
120
215
172
120
122
124

147

113
147
161
138
200
136
140
127
153
133
135
388
120
153
121
133

26
26
53
28
34
35
27

31

22
20
26
33
25
24
31
20
25
30
15

30

18
17
24
14
25
22
27
37
32
27
34
81
18
26
27
24
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621173 DC RHSK K43R/-/-/S531L LAMG6 199 71

621192 RH -/-/-IH526P non-LAM 149 37
621201 RH -I-/-IH526Y LAM9 169 35
621202 RHS -/-/-1S531L LAM9 181 25
621204 susceptible - non-LAM 161 30
621206 D RH -I-/-IH526D H1 158 29
621220 RH -/-/P84L/ S531L LAM4 155 25
621226 D RH -/-/-IQ513E LAM1 216 57
621239 S wt LAM9 133 24
6001061 RH -I-/S100F/S531L LAM5S 144 14

Re-reproducibility, D-with drugs, C-competitiofiR- rifampicin, H- isoniazid, S- streptomicin, O-
ofloxacin, K-kanamicin‘wt- wild type — gene without mutationpsL - AAG—AGG, K43R; CTG-TTG,
L81L; AAG—AGG, K88R. rrs - 513 C-T; 905A-GgidB- 39 frameshift (delC115); 34 frameshift
(delG100); TGG-TCG, W45S; CATSTAT, H48Y; CTA—CCA, L49P; TTG-TTT, L79F; CCG-CTG,
P84L; TCT-TTT, S100F; 117 frameshift (insG350); GG&AG, G117E; GGSTGC, G164C;
GCG—ACG, A183T; GCG-GAG, A200E. rpoB - CAG—CAC, Q510H; CAA-GAA, Q513E;
GAC—TAC, D516Y; GAC-GTC, D516V; ins 516 CCAGAACAACCC; CAGCTC, H526L;
CAC—GAC, H526D; CAG-TAC, H526Y; CAC-CGC, H526R; CAG>CCC, H526P; TCG>TTG,
S531L; TCG-TGG, S531W; CTG>CCG, L533PIYLAM- Latin America Mediterranean, H-Haarlem.

Sequencing

DNA was isolated from mycobacterial cultures by &gsokzyme/proteinase K
cetyltrimethylammonium bromide procedure [20]. A 636 fragment of theM.
tuberculosis rpsL. gene [GenBank: LO8011] and the 530 (238 bp) a2l r@gion (238 bp)
of therrs gene [GenBank: X52917] were amplified as descripedracevska et al. [21], a
675-bp fragment of the gergedB [GeneBank: AAK48404] was amplified as describgd b
Spies et al. [6], and the hot spot fragment ofrij@B gene was amplified as described in
Telenti et al. [3] [GeneBank: AY787173]. Amplificah products were sequenced using
the ABI Prism 3100 DNA sequencer (Applied Biosyst¢rand MegaBACE 1000 DNA
analysis system (GE Healthcare Life Sciences). &bide sequences were analyzed using
the programs PREGAP and GAP4 of the STADEN softwaiekage ver. 10.0. Nucleotide

sequences with Phred values >20 were considereah#dysis.

Genotyping

Spoligotyping was performed using a commercial kiccording to the manufacturer
instructions (Isogen Biosciences B.V., The Nethwity. The Shared International Types
(SITs) and lineages were identified according te 8polDB4 [14]. The strains were
further characterized by a LAM-specific PCR to slfsstrains that could not be assigned
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to an internationally recognized genotype lineagespoligotyping. In this assay, PCR
primers identify the presence of an6130 insertion (position 932204 according to the
whole H37Rv genome sequence), which is uniquel tmenbers of the LAM lineage [22].
PCR amplification products were electrophoreticdfigctionated and the presence of a
LAM strain was represented by a band of 205 bases,pahile a non-LAM strain was

represented by a band of 141 base pairs [22].

Growth curve in MGIT

From a fresh subculture on Lowestein Jensen (Ldliumewith 21 days, the inoculum was
done with the McFarland tube No. 1 and the turpidias measured in 492 nm
spectrophotometer (Biotrak Il Visible Plate) anguated the turbidity of 0.15-0.17. After
was done the dilution 1:20. From this tube was ddt@0 pl of inoculum in 3 different
BBL MGIT tubes (Becton Dickinson, USA). The tubesres maintained at 37C in the
MGIT ™ automated system. The system monitors the incfdaeorescence and report as
growth units (GU) to the BD EpiCen{&rsoftware every hour. As in Toungoussova et al.
[15] a reproducibility test was done. Eight diffetesusceptible strains were subcultured in
two different days and the growth curve was doneéwno different days and in three
different MGIT tubes in the same day. After thisttall the other strains tested were made
in three different tubes in the same day.

The parameters used to compare the growth curves wes length of the lag phase that
was the time in hours when a strain reach the drdewtel of 75 growth units (GU) in the
MGIT system (also the positive threshold); and ginewth index, that was the time in
hours necessary for a strain to increase from 500,000 GU in the MGIT system [23].
The statistical analysis was made in SPSS verstrarid the non-parametric Mann

Whitney test was used, a p value of <0.05 was densd significant.

Competition between susceptible and resistant stmas (LAM x LAM and non-LAM x
non-LAM)

In this experiment susceptible and resistant srauith the same genotype lineage
competed in a common environment. The LAM genotgpeceptible strain 621113
competed with five LAM mutated resistant strain0646 (K43R), 621049 (S531L),
621173 (K43R/S531L), 621058 (H526Y), and 6003563@5). The susceptible non-LAM

81



strain 621042 competed with three non-LAM mutatesigtant strains: 500201 (K43R),
621169 (H526D), and 621172 (K43R/H526Y). The inaoulwas done as described
before, but the dilution was 1:10 in autoclavedesaand serial 1:10 dilutions were done
six times. To estimate the colony forming units (JEhe Miles and Misra [24] technique
was applied. 50 pl of the dilutions 4,010° 10°in 7H11-agar plates without drugs were
kept in the incubator for 30 days until the readinghe first dilution 1:10 of each strain
was put in tubes with 7H9 plus OADC (oleic acidhuahin, dextrose, and catalase) and
0,05% tween medium, the same was done with twoulnots together (competition). 17
days later another serial 1:10 dilution was donin whe tubes of the competition and the
strains growing alone, to estimate the CFU, plafase dilutions 10, 10° e 10°in 7H11
with and without drugs were made. The strains wighB mutation were subcultured in
RIF plates (2 pg/ml), and strains witpsL mutation in STR plates (5 pg/ml), strains with
mutations in these two genes were subcultureddriviio separated drug-plates and kept in
the incubator for 30 days until the counter of CFU.

Competition between resistant and mutatedrpoB and rpsL strains (LAM x non-
LAM)

In this experiment two resistant strains with déf& genotype competed in a common
environment. Three competitions between LAM and-bAM strains with mutation in the
same gene were done: mutatedrjpsL K43R (strains: 500201-non-LAM and 600146-
LAM); mutated inrpoB H526 (strains: 621169-non-LAM and 621058-LAM)damutated

in rpsL and rpoB (strains: 621172-non-LAM (K43R/H526Y) and 621173MA
(K43R/S531L). As the strains had the same resista@n@was not possible to separate the
strains after the competition in plates with orheiit drugs. In order to do the counting,
each colony that grew after the competition in Tl plates without drugs were took
with a loop and put in tubes with 7H9 plus OADCidgrl5 days to have more bacteria to
extract the DNA. With the DNA extracted [20] a PQRNng the primers to differentiate
between LAM and non-LAM lineages was done in allooges separately as described
above [22].
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Results
Reproducibility test

In order to show the reproducibility, growth cusweere done with eight different
susceptible strains that were tested in two diffedays and in three tubes each day. The
average of the length of the lag phase (time irdadnen a strain reaches the growth level
of 75 units in the MGIT system) and the growth xd&me in hours necessary for a strain
to increase from 5,000 to 10,000 GU in the MGITteyg are shown in Figure 1. For the
growth index the average of all strains for thetfotay was 26.6 hours and for the second
day was 27.6 hours. According to non-parametricani Whitney test, these results
showed no significant difference (p=0.878). For kegth of the lag phase we had the
average for the first experiment as 139.5 h andhersecond 140.4 h, again the statistical
test showed no difference between the measuremeat®rmed during the two

experiments (p=0.958).
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Figure 1. The length of the lag phase and the dramdex for the reproducibility test made with diglrains
in two different days (day 1 and 2), for both paetens the statistical test showed no different betwthe

measurements performed during the two experimeat3.958 and 0.878, respectively).

Study of fitness by growth curves
The length of the lag phase and growth index fbstaains studied are listed in
Table 1. Table 2 shows the comparison between gtillee strains with mutated strains.

There were 20 susceptible strains studied andubeage length of the lag phase for this
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group was 137 hours, eight strains with mutatianspoB H526 (169 h; 4 H526D, 3
H526Y, and 1 H526P), fivepoB rare, single strains with one of the following tamions:
S531W, L533P, ins516, D516Y, Q513E (190 h), fowaiss with mutations impsL K43R
(159 h), 16 strains with mutations in more than geee, two strains with mutations in
K43R/S531L, other two with mutations in S531L/513I'Cand the other strains with one
of the following mutations: K43R/H526Y; K43R/H526RK43R/Q510H/H526Y;
L81L/117 frame shift (insG350)/905A-G/H526¥K88R/S531L/ A183T; S531L/P84L;
S531L/S100F; S531L/P84L; D516V/H48Y; H526D/A200E;526L/34 frame shift
(delG100); H526L/513C-T (169 h). The comparisonwaein susceptible strains and the
strains described above had a p value statistisadjyificant, respectively (0.002, 0.010,
0.029, and 0.004).

The comparisons 5, 6 and 7 between susceptiblarartdted ingidB (6 strains)
with one of the following mutations: W45S; L49P; 9K, 39 frame shift (delC115);
G117E; and G164C; inpoB S531L (14 strains) and wild type (wt, 5 straiesistant by
MIC but without mutations in the studied genes)] tige length of the lag phase reached in
158, 144 and 143 h, respectively, having a p vabiestatistically significant (0.095, 0.259
and 0.192, respectively). The mutations foundpsi, rrs, gidB andrpoB are described in
Table 1.

The strains were also analyzed for the lengthhef lag phase according to the
genotype lineage, LAM (47 strains) needs 162 hramdLAM (31 strains; 10 Haarlem, 14
T and 7 non-LAM) needs 144 h to reach 75 growthsuf@U) (p=0.090).

The same comparisons were done with the growtbxirahd the average for the
susceptible strains was 27 hours, for strains radtan rpoB H526 was 31 h, strains
mutated irrpoB rare was 37 h, strains mutated sl 24 h, strains with mutations in more
than one gene 34 h, strains with mutatiogiolB 26 h, strains mutated npoB S531L 22
h, and wt strains 27 h.

In the comparisons 3 (between susceptible and tetutan rpsL; p=0.525), 4
(susceptible and mutated in more than one gene#Ap8)) 5 (susceptible and mutated in
gidB; p=0.836), 7 (susceptible and wt; p=0.621) arfdl/AM and non-LAM; p=0.395) the
difference was not statistically significant. Iretbomparisons 1 (susceptible and mutated
in rpoB H526; p=0.079) and 2 (susceptible ampdB rare; p=0.051) the p value is in
border-line. Only the comparison 6 (between sudgeptand mutated inrpoB531;
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p=0.043) had a p value statistically significamtgdain this case the mutated strains reach
the 10,000 GU in less hours than the average ®rstisceptible strains, the opposite of
what is happening with all the other strains, whitre susceptible strains usually grew

faster and reach the GU indicated in less houesgserages in Table 2).

Table 2. Comparisons between susceptible strairls different mutated strains and

between different lineages.

comparison length of the lag phase growth index
mutation no. average st. Deviation pvalue average Deviation p value
1 susceptible 20 137 23 27 8
H526D/P/Y 8 169 36 0.002 31 5 0.079
2 susceptible 20 137 23 27 8
rpoB rare 5 190 a7 0.010 37 13 0.051
3 susceptible 20 137 23 27 8
K43R 4 159 14 0.029 24 9 0.525
4 susceptible 20 137 23 27 8
more than one gene 16 169 64 0.004 34 19 0.498
5 susceptible 20 137 23 27 8
gidB 6 158 33 0.095 26 5 0.836
6 susceptible 20 137 23 27 8
S531L 14 144 20 0.259 22 8 0.043*
7 susceptible 20 137 23 27 8
wt 5 143 10 0.192 27 4 0.621
8 LAM 47 162 48 30 14
non-LAM 31 144 20 0.090 26 5 0.395

* the rpoB S531L strains reaches the 10,000 Gléss hours than the average for the susceptibiestia
the other statistical significant P value the agerfor the susceptible strains reaches the 10,000nGess
hours.

Competitions

In the LAM strains competition, the susceptiblest competed with five mutated
strains. All strains grew well before the test auding the competition in an alone tube. In
the competition tube the susceptible strain gretiebén all competitions (the susceptible
strains always started the competition with lest)@an the mutated strains and finished
always with more) and in the competition betweesceptible and mutated npoB but not
in codon 531 (H526Y and L533P) no CFU after the getition was visualized in the
dilution of 10* (Table 3).

In the non-LAM strains competition, the suscepgtiskrain competed with three

mutated strains. The competition wiibsL K43R strain could not be analyzed because this
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strain did not grow even before the test. In tHeeotwo competitions, both strains grew

Table 3 — Results of the competitions between LAddiss. The dilution 10 was used for

CFU counting.

before competition after competition
alone in competition

CFU/mlI CFU/mI CFU/mI
Strain genotype mutation (x10% %* (x10°) %* (x10°) %
621113 |AM2  susceptible 10 2.0 12 28.6 40 83.3
600146 LAM K43R 492 98.0 30 71.4 8 16.7
621113 |LAM2  susceptible 10 2.4 12 10.9 54 75.0
621049 [|AMS5 S531L 400 97.6 98 89.1 18 25.0
621113 LAM2  susceptible 10 4.7 12 40.0 40 88.9
621173 | AM6  K43R/S531L 202 95.3 18 60.0 5 11.1
621113 LAM2  susceptible 10 13.2 12 85.7 18 100.0
621058 [LAM9 H526Y 66 86.8 2 14.3 0 0.0
621113 LAM2  susceptible 10 12.2 12 46.2 18 100.0
600356 | AM2 L533P 72 87.8 14 53.8 0 0.0

* One tube related to the other, when the sum ¢ habes is made and corresponds to 100%.

well before and in the alone tube, but in the caitipa tube the susceptible strain grew
better than the mutated strain (Table 4). Howewethe competition between the strain
with mutation inrpsL andrpoB (621172) and the susceptible strains, both drsiowed a

similar growth behavior.

Table 4 — Results of the competitions between naNtLstrains. The dilution 16 was

used for CFU counting.

before competition after competition
alone in competition

CFU/ml CFU/ml CFU/ml
Strain  genotype mutation  (x10%) %* (x10°) %* (x10°) %
621042 T3 susceptible 46 100.0 58 100.0 38 100.0
500201 T5 MAD2 K43R 0 0.0 0 0.0 0 0.0
621042 T3 susceptible 46 67.6 58 74.4 78 97.5
621169 T1 H526D 22 32.4 20 25.6 2 2.5
621042 T3 susceptible 46 51.1 58 34.1 96 56.1
621172 T5 MAD2 K43R/H526Y 44 48.9 112 65.9 75 43.9

* One tube related to the other, when the sum ¢ habes is made and corresponds to 100%.
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And in the LAM x non-LAM competition, again thest experiment could not be
analyzed because the strain 500201 did not groawr®ehe test. In the other competition,
the non-LAM strain (T lineage) had an advantage grelv better in competition with
LAM strains (Table 5).

Table 5 — Results of the competitions between nAhtland LAM resistant and mutated

strains. The dilution I®was used for CFU counting.

before competition after competition
alone in competition

CFU/ml CFU/ml CFU/ml
Strain  genotype mutation  (x10% %* (x10°)  %* (x10°) %*
600146 LAM K43R 492 100.0 30 100.0 8 100.0
500201 T5_MAD2 K43R 0 0.0 0 0.0 0 0.0
621058 |LAM9 H526Y 66 75.0 2 9.1 2 111
621169 T1 H526D 22 25.0 20 90.9 16 88.9
621173 LAM6 K43R/S531L 202 82.1 18 13.8 0 0.0
621172 T5 MAD2 K43R/H526Y 44 17.9 112 86.2 48 100.0

* One tube related to the other, when the sum ¢ habes is made and corresponds to 100%.

Discussion

Mycobacterial populations are composed of a metir different genotypes with
different susceptibility to anti-TB drugs, varioogetabolic rates and fitness characteristics,
resulting in more or less successful disseminatioparticular genotypes and mutations-
conferring resistance. Variation in the fithesglnig-resistant strains may have significant
impact on the future of the MDR and XDR epidemmsposed by mathematical models
[25].

To analyze the growth dfl. tuberculosis strains, one of the methods used was the
MGIT system and to prove that this is a reprodeciblethod [15], growth curves of
different susceptible strains in two different daysre compared, showing concordant
results. Using this method it was possible to aralthe growth curves of 78 southern
Brazilian strains and infer about the fitness @f thutation-conferring resistance studied.

The growth curves of four strains presenting théation rpsL K43R, the most
frequent mutation in clinical STR-resistant samj@&-27], was analyzed. These strains
grew with no difference from the susceptible stain the logarithmic phase (growth
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index). Experimental studies M. smegmatis have shown that the mutationnpsL K43R

IS @ non-cost resistance mutation which does rfettafitness and that the growth of this
mutant was similar to that of the wild type [28Jowever, in our study, in the competition
assay the susceptible strain had a better growthttie mutated in K43R strain.

Drug resistant strains were phenotypically andogygically heterogeneous amdl
tuberculosis strains showed significant differences in the paaters studied depending on
the type of mutation irrpoB gene. In the strains mutated fipoB gene we had two
different groups, the strains presenting theB S531L mutation, and the strains mutated
in rpoB but not in S531L. ThepoB S531L mutated strains did not show differencenfro
the susceptible strains in the lag phase and they aster than the susceptible strains in
the logarithmic phase. However, strains presentmgations other than S531L grew
slower than the susceptible strains in the two rpatars studied. This result confirmed
previous studies showing that the mutation S58idB seems to not have biological cost
to the growth oM. tuberculosis [15, 29].

In the competition experiments, we selected ongirsfrom each group for the
competition study. The susceptible strains grevebén all competitions, and strains with
the mutationrpoB S531L were again better than the strains withats other than
S531L. Studies on fitness of spontaneous RIF-ggistrains in competition showed that
the mean fithness of most of the resistant stragstetl was lower than that of the
susceptible parent [8, 30]. These studies suggdbetdmutations irrpoB results in a
physiological cost and that the strain mutatedpoB S531L had the smallest fithess
deficit, since this is the most frequent mutatidentified in clinical strains, this would
suggest that mutants isolated more frequently inicell practice have a higher mean
relative fitness on initial isolation [8]. Differéig from other studies, in our competitions
assays, no parental strains competed, the congpetiths made between the strains spread
among Brazilian patients between 2005-2006 yearsjrathis case, always the susceptible
strains had a better fitness.

The growth of strains with mutation in more thare @ene was slower in the length
of the lag phase, but the growth index showed fierdnce from the susceptible strains. In
the competition assay, the LAM strains did not gnwell but the non-LAM strains grew
almost the same as the susceptible strain. Davials [81] reported a case of two patients
with the same RFLP pattern, one developed MDR-Té&ake, the strains competed in a
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common environment and the MDR isolate showed dsec fithess compared to the
susceptible isolate, this was the first demonstnatinat clinical isolates pay a physiological
price for the development of MDR, however the wende of MDR strainn vivo was
sufficient to cause progressive deterioration mgléunction.

The only XDR strain found in this study showedwsto growth than the average
for the susceptible strains in the parametersehgth of the lag phase and growth index.
The 11 pre-XDR strains (Table 1), that is in thase a MDR strain resistant to kanamicin
and susceptible to fluoroquinolones [32], also haslower growth when comparing the
same parameters above with the susceptible stfa#esage for the 11 strains: 156 h and
32 h, respectively). At a minimum, XDR strains hawetations in at least four genes that
encode key enzymes, which collectively could imptéhet growth physiology of XDR
strains. In fact, many of these XDR strains aréstast to many more drugs, with each
additional drug resistance-conferring mutation pboé&dly adding to the fitness burden. It is
interesting to speculate that although compensawojution might be able to mitigate the
deleterious effects of a few drug-resistant mutetiaghere might be a limit for the degree
to which the fitness defects of highly resistantXBtrains might be compensated [25].

We also studied strains with different genotygasce the LAM lineage is the most
frequent lineage among Brazilian strains [14,33] ae had, in this study, 60% of LAM
lineage strains and 40% of other lineages, we aemdlyf Brazilian-LAM-lineage strains
had an advantage in growth over non-LAM strainsthi@ growth curves, analyzing the
average of the length of the lag phase and thetbrowlex for the LAM strains, they grew
slower than the non-LAM strains, but the statistarzalysis showed that the p value for the
lag phase was in the border-line and the differem¢ke growth index was not statistically
significant. One factor that could be influencirg tdifference between LAM and non-
LAM strains is the diverse presence of mutationthengenes analyzed and the number of
susceptible strains in each group, LAM strains 68 (13%) of susceptible strains and
non-LAM had 14/31 (45%). This present study show#fkrent results from a previous
study that also used Brazilian samples, where LAMiss had a significantly faster
growth compared with non-LAM strains, when susd#ptstrain were analyzed and only
one (1/40) MDR strain was included [16]. During tt@mpetitions the non-LAM strains
had more CFUs than the LAM strains (with mutatiamgshe same genes) corroborating

with the fact that they grew faster in this stubpwever, the results of this assays do not

89



explain why LAM lineage is the most frequent lineaip Brazil. Recent studies have
suggested that there are main lineaged.diuberculosis that co-evolved with and adapted
to distinct human populations [13], thus LAM stimicould be more frequent because of
adaptation to Brazilian population and not becatlis genotype would confer an
advantage over growth of other genotypes.

Furthermore, although drug-resistant strains oftaffer an initial reduction in
fitness, they could continue to evolve by acquiramge or more secondary-site mutations
that can improve or even restore the fitness dfdtstrains over time, a process known as
compensatory evolution [25]. Experiments in otheodels suggest that such fitness
deficits can be reduced by compensating mutatioissng at other sites after further
growth [8]. As our samples are from patients, maiet that compensate initial loss in

fithess may have occurred and they were not eveduat

Conclusion

Our study compared strains with different genetickgrounds and also different
phenotypes with respect to RIF, INH, STR, OFL am&\Kresistance and genotypes with
respect tarpslL, rrs, gidB andrpoB mutations, different combination of mutations aer
studied. We evaluated more than one condition,esponding to the capacity to grow
alone, and to grow in competition. Our results |sfjghat heterogeneity in fitness is
function of the drug-resistance mutation, the strgénetic background, and potentially
compensatory evolution as well. In clinical setiinthere was a strong selection pressure
for drug resistance-conferring mutations that cang@mal fithess defects, since strains
with rpoB S531L mutation, which is the most frequently fdun clinical RIF-resistant
isolates, grew faster than susceptible strainsthadpsL K43R mutation, which is the
most frequently found in clinical STR-resistantasts, grew without difference. On the
other hand, strains with mutations ipoB in codon rarelly related with clinical RIF-
resistance grew slower than the susceptible ortdswever, as clinical isolates dfl.
tuberculosis were studied and since the genetic backgrounttseobrganisms in this study

are different and unknown the results must theeefi@r interpreted with caution.
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Capitulo 5

Discussao Geral e Perspectivas



DISCUSSAO GERAL

A resisténcia genética aos antimicrobianosMertuberculosis € devido a mutacdes
espontaneas que ocorrem no cromossomo bacteriam®,vez que nenhum elemento
genético movel foi descrito nessa espécie (ZhangYaaw, 2009). Um grande progresso
tem sido feito na compreenséo das bases molecularagdo de diversos antimicrobianos
utilizados no tratamento e em seus mecanismossa#éecia.

Existem mutacoes, relacionadas com a resistéqum,sdo mais encontradas em
isolados clinicos em diversos estudos, como pompke a mutacdo K43R enmpsL
(Fukudaet al., 1999; Brzostelet al., 2004; Spiest al., 2008), a mutacdo S531L epoB
(De la Iglesia and Morbidoni, 2006, Zhang and Y&@09) e a mutacdo S315T datG
(Dalla Costeet al., 2009; Zhang and Yew, 2009), todas essas mutasias relacionadas
com alto nivel de resisténcia respectivamente agadrSTR, RIF e INH. Essas mutacdes
também foram encontradas em maior nimero de is®ladste estudo, sendo a mutacéo
K43R emrpsL encontrada em 10/40 isolados STR-resistenteautacédo S531L empoB
em 32/64 isolados RIF-resistentes e a mutacdo SEIbTkatG em 20/21 isolados
sequenciados para este gene. No anexo 1 encontnasseabela com o resultado de
sequenciamento, MIC spoligotyping para todas as 106 amostras estudadas e de onde
alguns isolados foram selecionados para os testdtndss (Capitulos 3 e 4). Cabe
salientar que duas mutacdes nao foram levadas asideoacdo nos estudos fimess,
pois elas foram consideradas como nao relacionadas a resisténcia e, sim, como
marcadores filogenéticos, sdo elas 491 C-T no gen@/ictor et al., 2001; Victoret al.,
2004) egidB L16R (ver Capitulo 2).

Ainda existem antimicrobianos utilizados no tra¢ato, onde o mecanismo de
resisténcia ja foi descrito, mas nao totalmenteiéhdo em todas as cepas resistentes
fenotipicamente, como no caso da INH e da STR. <0 da STR foi estudado com mais
detalhes nesta tese, pois somente 70% dos isotadiséentes a esta droga apresentam
mutacdes nos genegsL e rrs (Sreevatsaet al., 1997; Riskeet al., 2000). No sentido de
esclarecer o mecanismo de resisténcia a STR, ue fgemecentemente descrito como
relacionado com o baixo nivel de resisténcia a @dB) (Okamotoet al., 2007).

Em nosso estudo foram sequenciados 106 isolaedd. duberculosis e foram

encontradas 11/40 (27%) cepas resistentes a STBng@rrom mutacdes egdB. Foram
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encontrados cinco isolados sensiveis a STR (retest@ RIF e INH) com mutagBes nesse
gene. Fato semelhante foi encontrado por Okamtath (2007), onde mutacdes egidB

em cepas sensiveis a STR ocorreram em 15 de uhdéotil cepas resistentes a RIF e
INH e em somente uma 1 de 24 totalmente sensivel.

Nesse mesmo estudo foram avaliadas também asdestagcontradas por outros
grupos sobre esse gene (Okanabtal., 2007; Viaet al., 2010; Spiest al., 2008; Capitulo
2) e esses estudos juntos analisaram 414 cepds tdberculosis do Japao (132), Coréia
do Sul (97) e Brasil (185), respectivamente. Ess®e gnostrou-se bastante polimorfico,
apresentando tanto mutagcbes pontuais quanto matagie alteram a fase de leitura
(delecbes e insercbes) em pontos variados do ¢gessas mutacdes sdao em todos 0s
estudos encontradas em isolados resistentes eveisnai STR. Logo, mais isolados
deverdo ser estudados para que as mutacdes reld@sooom a resisténcia a baixo nivel a
STR sejam identificadas.

Nos estudos citados anteriormente sobre o ggd® foram encontradas duas
mutacfes muito frequentes entre os isolados,-€CEGT, L16R e GAA-GAC, E92D,
elas foram tratadas como um polimorfismo, poisvestapresentes em grande namero de
isolados resistentes e sensiveis.

Ao estratificar as cepas de acordo corgpadigotyping e PCR-LAM especifico,
esses polimorfismos mostraram-se linhagem espesjfsendo o alelo 16G presente em
cepas pertencentes a linhagem LAM e o alelo 92€epte em cepas do gendtipo Beijing,
essa distribuicdo esta de acordo com a distribuiig&olinhagens pela base de dados do
spoligotyping (SpolDB4; Brudeyt al., 2006). Logo, o polimorfismo L16R é mais
frequente em isolados LAM e também mais observaudie e@s isolados amostrados do
Brasil, pois essa linhagem é bastante frequenteenasis. Por sua vez, o polimorfismo
E92D mais frequente entre a linhagem Beijing €, pdiocoincidéncia, o polimorfismo
mais encontrado entre isolados amostrados na las&l,onde a presenca de cepas Beijing
€ maior (Brudeyt al., 2006).

A técnica despoligotyping, por sua vez, classifica alguns isolados comaatyeim
desconhecida (UJnknown) e existem alguns padrées que ainda ndo foramsdagos na
base de dados e por isso ndo foram descritos difickmios. Esses isolados foram

encontrados no trabalho e através do polimorfish6R_puderam ser classificados em
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LAM ou ndo-LAM, demonstrando que a técnica queiaatiiSNPs classifica os isolados
mais corretamente que a técnicaspaligotyping.

Os SNPs atuam como mutacdes filogeneticamentemiativas, pois a baixa
variacdo nas sequéncias de DNA Me tuberculosis torna a ocorréncia de mutacoes
independentes muito improvaveis, juntamente coralta fle transmissdo horizontal de
genes que reduz, ainda mais, a probabilidade denagfio de SNPs independentes e
recorrentes (Gagneux and Small, 2007). A tipagentecatar pode ser utilizada para
aumentar o nosso conhecimento sobre as diferergagrméncia e transmissao e a
variacdo da efetividade das vacinas (Coraasl., 2009), j& que algumas linhagens
parecem ter caracteristicas especificas como mm@e: cepas da linhagem W-Beijing
tem sido fortemente associadas com resisténciaragasl (Drobniewskiet al., 2005;
Kubicaet al., 2005).

As mutacbes espontaneas que geram resisténch. éaberculosis ocorrem em
baixa frequéncia e, por isso, o desenvolvimentbat#os resistentes a trés drogas usadas
simultaneamente no tratamento, na teoria virtualener@o existe quando trés drogas
efetivas sdo usadas em combinacdo no tratameniBd&hang and Yew, 2009). O
mesmo é enfatizado pelo Ministério da Saude: a TiB\& doenga curavel em praticamente
100% dos casos novos, sensiveis aos medicamertioEBardesde que obedecidos os
principios bésicos da terapia medicamentosa equadea operacionalizagdo do tratamento
(BRASIL, 2010). Porém, a terapia € muito longafriaimo 6 meses) e com varios efeitos
adversos. Esses fatores fazem com que muitas pessmacompletem o tratamento
corretamente, causando, assim, a sele¢céo de isalesistentes as drogas. O fato se torna
ainda mais grave quando uma pessoa se infecta s@rbactéria ja resistente, por isso é
tdo importante que o tratamento seja prescrit@alzeslo corretamente.

Geralmente € assumido que isolados resistentedro@gms possuam um custo
biolégico (diminuicdo dditness) em decorréncia a aquisicdo da resisténcia (Bithinet
al., 1999). Embora, teoricamente, seja assumido gesisténcia gera um custo, na pratica
nem sempre iSSO ocorre e mesmo que cepas ressstest@rogas sofram uma reducéo
inicial nofitness, elas continuam evoluindo através da aquisicaantke ou mais mutacoes
em sitios secundarios que podem melhorar ou atéuras ofitness através do tempo,

processo conhecido como evolugcao compensatoriag|Bord Gagneux, 2009).
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Nesta tese, ditness de alguns isolados clinicos de pacientes infestambon M.
tuberculosis e diagnosticados entre 2005-2006 foi avaliadopNmeiro estudo (Capitulo
3) foram avaliadas 21 cepas MDR (com diferentesagii#s nos genegoB, rpsL e katG)

e 4 sensiveis, incluindo a cepa padrao H37Rv, édrde curvas de crescimento utilizando
a reducdo da resazurina para quantificar o crestimela bactéria medido por
espectrofotdmetro. No segundo estudo (Capituloodni avaliadas 78 cepas, sendo 20
sensiveis e 58 resistentes a pelo menos uma dgasdoo até a todas: RIF, INH, STR,
KAN e OFL, e apresentando mutacdes nos gepss rrs, gidB e rpoB. Algumas cepas
foram analisadas nos dois trabalhos. Em ambos mhy@&metros foram utilizados nas
comparacdes: o tamanho da fase lag e o indiceedeirento (relacionado a fase log).

Em geral, analisando-se as curvas de crescimemt@mbos estudos as cepas com
as mutacoes K43R enpsL e S531L enrpoB ou cresceram melhor ou sem diferenca do
isolado sensivel. J& os isolados com mutacbegpe®, mas ndo em S531L, e com
mutacdes em mais de um gene cresceram em meédialentasnente que os isolados
sensiveis. Em ambos estudos € possivel afirmaraguautacbes mais encontradas em
isolados clinicos sdo as mutacdes nédo relacionamasa perda déitness ou que geram
pouco custo bioldgico ao isolado, fato também jgcd por outros autores (Mariaeh
al., 2004; Gagneuxt al., 2006b; Gagneux, 2009). Pode ser o préprio fatser uma
mutacdo sem ou com baixo custo biologico que fam qoe ela seja selecionada em
isolados clinicos e por isso tenha tornado-ser&uénte em varias populagoes.

Os isolados mutados no geka@G em S315T, do primeiro estudo, tiveram valores
heterogéneos déness, pois apresentaram mutacdes varidveis em outressgenas o que
de mais importante pode-se concluir é que, qualsdpacametros de crescimento foram
analisados entre os isolados mutados individuaknemin a meédia dos isolados sensiveis,
pode-se verificar que alguns isolados com a mut&&HbT emkatG, mas também em
outros genes, cresciam mais rapido do que os wlasensiveis (1 isolado:
rpsL43/katG315 e 3 isolados: rpoB531/katG315). Atag@io S315T enkatG j& foi
descrita como sem custo biolégico para o isoladoagpossui (Pyret al., 2002).

Os isolados mutados em mais de um gene crescenaméglia mais devagar nos
dois estudos que os sensiveis, embora sem diferestatistica no parametro
correspondente a fase log do segundo estudo. Wmoesbnfirma o fato dos isolados

resistentes a multiplas drogas terem um custo dgicoassociado com a resisténcia
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(Davieset al., 2000). Mesmo assim, alguns isolados individualeeobmo os isolados
citados anteriormente mutados &atG e outros genes (estudo 1) apresentararnfitoess
medido nas curvas de crescimento melhor que a rpadiaos isolados sensiveis.

No estudo 2, isolados competiram em um ambienteuoo e diferentemente de
outros estudos (Billingtoret al., 1999; Mariamet al., 2004), nesse ndo foram cepas
parentais geradas em laboratério que competiram &eslados dos pacientes de TB entre
0s anos amostrados. Como resultado, o isoladoveérsimpre apresentou ufiiness
melhor nesses ensaios do que o isolado mutansal&lo sensivel também apresentou um
melhor fitness frente a isolados resistentes a RIF selecionadgp®néganeamente por
Mariam et al. (2004) quando esses competiram com as cepastgaremos estudos de
Billington et al. (1999) de nove experimentos, em apenas um aso&sistente teve um
fitness melhor que o isolado parental e sensivel a RIF.

Quanto as diferentes linhagens, no primeiro estadde um nimero pequeno de
cepas foi analisado, os isolados classificados ca#bl cresceram mais rapido no
parametro tamanho da fase lag, mas sem nenhummantdiéena fase log para os isolados
nao-LAM (deve-se deixar claro que nesse estudaldead baixo numero amostral ndo foi
realizado teste estatistico). Ja no segundo estudsultado foi diferente: as cepas néo-
LAM cresceram em meédia mais rapidamente, mas séened¢a estatistica das cepas
LAM (cabe salientar que neste caso pode ter hawida diferenca devido ao fato dos
isolados LAM terem 13% (6/47) de isolados sensieeidos isolados non-LAM 45%
(14/31)), os outros isolados possuiam mutacdessdisegque podem estar influenciando o
fitness). Mas o que confirmou que as cepas ndo-LAM tenfitmass melhor, no segundo
estudo, foram os ensaios de competicdo (emborapasmlados tenham sido analisados).
Como as cepas da linhagem LAM séo as mais frequentdrasil (Brudey et al, 2006), o
resultado esperado seria 0 contrario. Estudos texeaalientam que linhagens principais
de M. tuberculosis co-evoluiram e adaptaram-se as diferentes popesa¢fumanas
(Gagneuxet al., 2006a), logo esse gendtipo pode ser mais conaupopulacao brasileira
pois ja esta adaptado a ela e ndo por ter o crestinmais rapido do que as outras
linhagens. Mais isolados necessitam ser analigamasque esse achado seja confirmado.

Nesse estudo cepas clinicas isoladas de pacmEaresuberculose foram incluidas.
Essas cepas apresentam haokground genético distinto e desconhecido, e assim como o

namero de cepas € limitado os resultados devenmteepretados com cuidado. fiiness
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dos isolados clinicos dMl. tuberculosis estudados sdo muito heterogéneos, pois eles
apresentam diferentes graus de resisténcia as sjraifarentes mutagdes nos genes
analisados e talvez em outros que nem foram adalsaomo por exemplembB e
pncA, genes relacionados com a resisténcia ao etaimbyicazinamida, respectivamente
(Zzhang and Yew, 2009), e ainda diferentes gendtipogo, possiveis diferencas genéticas
além das caracterizadas neste estudo podem dhiianaiando os resultados obtidos. Sem
contar que a evolugdo compensatoria pode estandmiupara reduzir os custos da
resisténcia as drogas nas cepas clinicas, e ésseda foi medido no estudo. Embora seja
muito importante estudar foitness das amostras circulantes na populacéo, o fatorde te
tantas variaveis diferentes e desconhecidas, @roanclusdo vaga sobre qual variavel
seria a mais importante ou responsavel pela difaranfitness.

Para tentar controlar essas diversas variaveishadas nesse tipo de estudo que
varios autores tem utilizado abordagens de seléeduoutantes resistentes em laboratério
(Billington et al., 1999; Marianet al., 2004; Gagneugt al., 2006b). Entretanto, nesse tipo
de estudo mutacdes que nem sdo observadasvo podem acabar também sendo
estudadas, permanecendo desconheciitkmess das cepas circulantes b tuberculosis.

Por isso novamente retornamos a importancia del@stcom cepas clinicas distribuidas
em uma populacéo.

Para tentar reduzir as variaveis de confusadeal iseria estudar cepas clinicas que
ao mesmo tempo tenham o medaokground genético, como no caso de estudar isolados
de pacientes que desenvolveram resisténcia ducatt&tamento, assim, comparando a
mesma cepa antes e depois do desenvolvimentoig&nesa.

Outro ponto importante € que apenas 0 parameta the crescimento foi
comparado nesse estudo, e sabe-se que varios gotrgnentes estao envolvidos no
fitness de um organismo, como a capacidade de ser tradsngita viruléncia da cepa em
guestdo. Consequentemente, outros estudos visaswhs @utros aspectos devem ser

realizados para confirmar ou ndo esses achados.
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PERSPECTIVAS

Os resultados apresentados aqui levantaram alggmestdes que podem ser

investigadas futuramente:

GenegidB

Para um melhor conhecimento sobre quais mutagdesd® estariam relacionadas
com a resisténcia a baixo nivel a estreptomicina Mmuberculosis, mais isolados
necessitam ser estudados. O mesmo precisa ser gait® que se confirme o0s
polimorfismos descritos nesse mesmo gene em arnod@aregioes diferentes das ja

estudadas.

Estudos déditness

Para uma melhor compreensao sobre esse assum@ojngeortante acompanhar
pacientes que falham o tratamento e selecionans agegsstentes. O estudo fitmess da
mesma cepa antes e depois de desenvolver a remsi@odera ajudar a reduzir 0s
problemas gerados na comparagdo de isolados coactexdrticas bastante diferentes.
Seria interessante, também, acompanhar a evolucdoahca em pacientes que possuem
MDR-TB para um melhor entendimento sobre a virukrias cepas ja estudadas nos
ensaios détness.

Para confirmar os achados de que a cepa da limhage-LAM teria vantagem
sobre a cepa da linhagem LAM, seria necessarial@stouais cepas das linhagens LAM e
nao-LAM.
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Capitulo 6

Anexo



ANEXO 1. Tabela com os resultados de MIC, mutacfes nosgstedados e
genotipagem para as 106 cepas estudadas.

NUmero resisténcid mutacdes linhagem SIT®
MIC rpsL/rrs/gidB/rpoB/katG
500070 - -/-/-/-Ind H3 50
500121 - -/-I--Ind NAO LAM 450
500193 - -/-I--Ind NAO LAM 4
500201 RHS K43R/-/-/-/S315T T5_MAD2 58
500251 - -/-/-/-Ind H3 50
500270 - -/-/L16R/-/- LAM1 729
500281 RHS -/513C-T/-/S531L/S315T LAMS 93
500294 RHS K43R/-/L16R/-/S315T LAM ne
500425 RHS -/513C-T/-/1S531L/S315T H1 47
521009 - -/-/-/-/Ind H3 50
521015 - -/-IL16R/-/nd LAM1 729
521068 HS -/513C-T/L16R/H526L/nd LAM9 42
521099 - -/-/L16R/-/nd LAM1 729
521108 - -/-/-/-Ind H3 99
521121 S K43R/-/-/-/nd H3 50
521144 RHS -/-/L16R/S531L/nd LAMS 93
521156 - -/-/-I-Ind T1 65
600007 RH -/-/L16R/S531L/S315T LAM9 42
600029 RHK -/-/L16R/H526D/nd LAM2 17
600031 - -/-/-/-/Ind T1 53
600052 HS -/-/G30R/-/nd S 34
600064 RH -/-/L16R/S531L/nd LAM2 826
600066 RHSK -/-/L16R,P84L/S531L/nd LAM4 60
600074 RH -/-/L16R/S531L/nd LAMS 93
600082 S -I-/L16R,G117E/-/Ind LAM9 42
600146 S K43R/-/L16R/-/Ind LAM ne
600195 - -/-/-/-/Ind T1 65
600208 RHS -/-/L16R/-/nd LAM1 729
600254 - -/-/-/-Ind T1 244
600305 RHS -/-/HA8Y/D516V/nd T1 244
600313 RH -/-/L16R/S531W/nd LAM9 42
600339 RHS K43R/-/L16R/Q510H,H526Y/nd LAMG6 64
600356 RH -/-/L16R/L533P/nd LAM2 17
600382 RH -/-/L16R/S531L/nd LAM2 17
600484 RHSK -/1491C-T/L16R,A200E/H526D/nd LAM 106
600488 - -/-/-/-/Ind X2 137
600525 RHK -/-/L16R/S531L/nd LAM4 60
600599 RHK -/-/L16R/S531L/- LAM9 42
600726 RHS -/-/L16R/S531L/S315T LAMS 93
600730 S -/39 frameshift (delC11%Ynd NAO LAM 2640
600772 - -/-IL16R/-/nd LAM1 729
600792 S -/904C-G/-/-Ind NAO LAM 237
600793 RH -/-1-/S531L/nd NAO LAM ne
600807 RHS -/-/L16R,W45S/-/nd LAM1 20
600811 RHK -/-/L16R/H526Y/nd LAM2 17
600813 - -/-I-/-Ind T2 853
600853 RH -/34 frameshift (delG100H526L/nd  NAO LAM ne
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600878
600954
600957
621001
621002
621009
621013
621023
621028
621031
621036
621042
621044

621047
621049
621052
621058
621071
621078
621087
621100
621103
621108
621109
621113
621115
621118
621122
621137
621155
621161
621164
621169
621170
621172
621173
621180
621191
621192
621201
621202
621204
621206
621207
621211
621216
621220
621225
621226
621229
621230

RHSK
RH
RHS
RHS
RH
RH
RH
RH
RHS

RHSKO
RHK

HS
RHK
RHS

RH
RHK

RHSK
RHSK

SH

RH

RH
RHS

RH
RH
RH
RH
RH

RH

RH

-/-/-I-Ind H3

-I-I-I-Ind T3
-/-IL16R/-Ind LAM9
-1491C-T/L16R/H526D/nd LAM3
-/-/-/-/Ind H3
-1491C-T/L16R/-/nd LAM3
-/-IL16R/S531L/nd LAM
-I-I-I-Ind NAO LAM
-/-IN51T/-/nd X1
-/-IL49P/-/nd H3
-I-I-I-Ind H3
- T3
-/-IL16R/S531L/S315T LAM5
L81L/905A-GA17 frameshift
(insG350§H526Y/S315T H3
-/-IL16R/S531L/S315T LAM5
K43R/-/-/S531L/S315T T5 _MAD2
-I-IL16R/H526Y/nd LAM9
-/-IL16R/S531L/nd LAM2
-/-IL16R/S531L/nd LAMS
-/-IL16R/ins516/S315T LAM
-/-IL16R/S531L/nd LAMS
-1491C-T/L16R/S531L/nd LAM3
-/-IG164C/-Ind T1
-/-IL16R/-Ind LAM2
-/-IL16R/-/- LAM2
K43R/-/-/H526R/nd T5 MAD2
-/-IL16R/D516Y/nd LAM
-/-/-/-/Ind H2
-/491C-T/L16R/-/nd LAM3
-/-IL16R/H526D/nd LAM
K88R/-/L16R,A183T/S531L/nd LAM5
-/-IL16R/S531L/S315T LAM5
-I-I-IH526D/nd T1
-/-IL16R,L79F/-Ind LAM9
K43R/-/-/H526Y/S315T T5 MAD2
K43R/-/L16R/S531L/S315T LAM6
-/-/-/-/Ind NAO LAM
-/-IL16R,C52stop/-/nd LAM9
-I-I-/IH526P/S315T NAO LAM
-/-IL16R/H526Y/nd LAM9
-/-IL16R/S531L/nd LAM9
-/-/-/-/Ind NAO LAM
-/-I-/H526D/nd H1
-1491C-T/L16R,V115G/S531L/nd LAM
-I-I-I-Ind T1
-/-IL16R/S531L/nd LAM1
-/-IL16R,P84L/S531L/nd LAM4
-/-I-/H526D/nd S
-/-IL16R/Q513E/nd LAM1
-/-IL16R/-/nd LAM
-/-IL16R/S531L/S315T LAM5

37
42
33
50
33
ne
1659
119
50
99
158
93

50
93
58
42
17
93
863
93
33
65
17
179
58
396

33
2512
93
93
65
42
58
64
ne
42
ne
42
42
1659
47
106
53
729
60
34
729
863
93
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621237 RH -/-/L16R,P93R/S531L/nd LAM1 20

621239 S -/-/L16R/-/nd LAM9 177
621241 RH -/-[L16R/S531L/S315T LAMS 93
621242 RH -/-/L16R/S531L/S315T LAM5 93
621248 RH -I-/L16R/H526V/nd LAM6 64
621257 RH -/-/L16R/ins516/S315T LAM 863
6001039 RHS K43R/-/-H526D/nd T5_MAD2 58
6001061 RH -/-/L16R,S100F/S531L/S315T LAMS 93

®resisténcia determinada de acordo com o método REM&nsivel; R, rifampicina; H,
isoniazida; S, estreptomicina; K, kanamicina e f@xacina.

® nd, mutacéo ndo determinada; -, isolado sem mutag@ene em questao.

¢ SIT, tipo internacional compartilhado; ne, gendtida ndo descrito na base de dados.
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